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ur major goal in creating this book is to promote a greater appreciation of
the role of wildfire on the landscape, to challenge commonly held assumptions about wildfire, and to encourage development of an ecologically
based wildfire policy for public lands. As with any natural resource issue, various
interpretations and conclusions are possible, even from the same research. We
therefore felt it important to include a variety of voices on the subject of wildfire
ecology and policy. Participation in this book by authors or photographers should
not be interpreted as an endorsement of any particular agenda or ideology by
them, nor should the inclusion of any author or photographer be interpreted as an
endorsement by the Foundation for Deep Ecology of any particular political
agenda or ideology.
—The Editor
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INTRODUCTION

T

telling loggers to cut specific trees, though more often they were permitted to
cut everything except a few “leave” trees that were considered desirable for
reseeding a site or because they were to serve some wildlife benefit.

he Nez Perce National Forest in Idaho is rich country, a productive
landscape defined by exquisite forests. Among the crumpled hills and
steep mountains lies a diversity of trees usually seen only among the
giants of the Pacific Coast. Here, 500 miles from the sea, such a forest seems
particularly astounding, both for the size of its trees and for its contrasts.
There are hillsides brown with golden grass in late summer, punctured with
the orange-red boles of big-bellied ponderosa pine. These dry hills often cradle a damp valley through which runs an icy creek lined with verdant pockets
of massive cedars surrounded by a thick understory of lacy, spreading sword
fern fronds. Between these two extremes one can find growing among the Nez
Perce’s mountain folds the tall, straight boles of white pine—once used for the
masts of clipper ships that plied the Pacific Ocean—or the corky-barked
Douglas-fir, the delicate-needled western larch, and dense, hairy thickets of
lodgepole pine, among others. And each of these tree species, to one extent or
another, is dependent on, or adapted to, wildfire.

I had less enthusiasm for the timber sale marking. I had a vague, uneasy feeling that by marking timber sales, I was contributing not only to the death of
individual trees, but to the destruction of the forest ecosystem. I’d often heard
from my forestry professors and coworkers that logging merely replaces natural processes like fire. After all, they would remind me, fire kills trees, but the
forest grows back, so what’s the difference if loggers cut the trees—the Forest
Service replants new ones. These platitudes to industrial logic never quite sat
well with me. Even then, I had inklings that the evenly spaced rows of singlespecies tree plantations cut on predetermined rotations were not the same as a
naturally sustained forest.
Despite these qualms, I went forward with my task of tree marking, permitting these pundits’ presumed greater knowledge of forestry to assuage my
reservations. Often the timber sale prescription required us to mark the biggest
trees for cutting. These were the most economically valuable, and in the Forest
Service parlance of the time, they were “overmature” and “decadent.” The
general perception among foresters was that these trees had outlived their usefulness, and the sooner we got them out of the forest, the better. The forest
would be “healthier” once these ancient trees were removed. Though I had no
reason to object to the process then, I later learned that the extraction of the
largest, most fire-resistant trees actually contributed to the unhealthy forests
that we have today.

Wildfire is to the Nez Perce what rain is to the rainforest. It shapes, sculpts,
prunes, cleans, and sustains these magnificent forests. Wildfire often determines which trees are found where, their age, their general health, and the
composition of codominant species. I got to know the intimate wrinkles of
these mountains in college. Like a lot of young men who loved the woods, I
worked during the summer months for the U.S. Forest Service. One summer
I landed a job as forestry technician on a timber crew with the Nez Perce
National Forest. Our task was to gather data on tree species composition,
growth rates, and other general ecological and physical data useful for forest
planning, including where to place future timber-cutting units.

Fortunately, as the summer turned to autumn, there were a growing number
of wildfires burning around the West. A shortage of trained firefighters allowed
the Forest Service to reassign other workers to the fire lines to assist in containing blazes. So it was with real relief that I learned that my crew was taken
off the timber sale marking assignment and put to work fighting fires. At least
now, I thought, I could do something useful and ecologically ethical like saving the forest from the “destructive” effects of fire.

I rather enjoyed the timber stand surveys, as they were called. We tramped
through the deep, lichen-draped forest, and at predetermined sites we noted
all the species of trees, ground cover associations, slope, and terrain within a
study plot. The pay was generous enough for a college student, and the fringe
benefits were priceless—a lot of exercise, fresh air, and a chance to walk
through the woods admiring the forest.
Toward the end of summer our stand survey crew was shifted to marking timber sales. We would march through the forest, paint cans in hand, spraying
“leave” trees, or in some cases, “cut” trees, each a different color of paint
depending on the prescription of the sale. Sometimes the agency would be

After a couple of days of instruction in basic firefighting safety and techniques,
my crew was assigned to the less dangerous task of “mop-up” duties. We
patrolled existing fire lines looking for the occasional smoking stump or active
small blazes, which we were to extinguish before they could grow into large
fires again. There was no doubt in my mind as I “attacked” the small smokes
and burning embers along the fire line that I was “saving” the forest from
destruction. I never suspected that by shoveling dirt on these blazes, I was
thwarting one of nature’s most important agents of renewal. I felt good about
my contribution to the safety, long life, and good health of the forest. I slept
well at night knowing I had put in a good day doing something worthwhile.

Arnica and lupine thrive one year after a burn, Mount
Washburn, Yellowstone National Park, Wyoming.
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I support draining swamps to eliminate mosquitoes. Landscape or global
treatments involve too many variables for me to feel comfortable advocating
any kind of long-term manipulation. At best, I support restoration of some
ecological processes like fire or predators and feel we must allow these natural forces to determine what the “right” amount of anything is to the greatest
degree possible.

A number of years later, I worked as a biologist with the Bureau of Land
Management. Again, a hot, dry summer led to widespread fires around the
West, and all agency personnel were given the opportunity to work on fires. By
the middle of August, nearly all the able-bodied people in the office were
already out working on fire crews, and I was asked to do my share and work
on a fire as well.

We have looked upon wildfire in the same way countless generations viewed
wolves—as evil forces that “destroyed” deer herds and livestock, and that
were thus in need of control and extirpation if possible. Though attitudes
toward predators like wolves have improved to the point that we now accept
the idea that there is value to maintaining wolves, many still view wolf restoration as appropriate only to national parks or other special lands we have set
aside for nature, rather than allowing wolves to assume their important ecological role as a top predator across the landscape.2 Even more importantly
for our development of a mature and healthy relationship to nature, the next
step in this process is that we must allow wolves to be wild, not radio-collared
creatures that are tracked, moved, or killed at our whim. Our attitudes toward
wildfire have evolved in a similar way, and to a similar point.

As before, I had the task of doing mop-up. But in the intervening years, I had
grown less certain that stopping fires was always a good thing. My ecological
training and my own observations gleaned from many years out in the woods
had given rise to doubt that fires were all “destructive.” Already I was beginning to believe that maybe we should just leave fires alone.
Out on the fire line I reached one particular blazing piece of wood and began
to shovel dirt on the orange flames. But as I quenched the glowing red embers,
I began to wonder whether I was like the old wolf hunters who rode through
the West, righteously killing predators to make the land safe for cows, elk, and
deer. I paused in my work. Leaning on my shovel, I watched the last crimson
embers die in the burning log. Tilting back my yellow hard hat, I looked up at
the surrounding snags, blackened tree trunks, and gray ash, and instead of
seeing death and destruction, I saw the promise of a new forest. Suddenly I
realized that in my urge to “save” the trees from fire, I was helping to destroy
the forest. With that insight, I went back to the fire boss, handed him my
shovel, and asked to be taken off the fire. I never again fought a fire.

Today we tolerate wildfire under very precise conditions designed to ensure
that they do not burn great numbers of acres, thus limiting their ecological
influence in the process. This is not unlike our current attitude toward wolves.
We often kill wolves that stray beyond the bounds of protected landscapes
like Yellowstone and “manage” wolves if their numbers rise beyond what
we consider to be an acceptable level. We usually permit wildfires to burn
unimpeded only in some national parks and wilderness areas, but we still
attempt to “kill” fires elsewhere, even when there is no immediate threat
to human settlement or life.

•••
The realization that wildfire can be an important ecological agent for forest
renewal has had greater symbolic implications for me. Over the years I have
come to be more and more skeptical of our ability to manage and control
anything in nature. It seems that no matter how much we learn, we never
fully understand the complexities of ecosystems.1 This philosophical split is
part of a larger schism that I feel permeates our society and culture, which
sees itself as apart from nature, rather than dependent upon nature. This
dichotomy exists in our relationship to wildfire as well. Our attempt to control wildfire is really an attempt to control the wild, and as in every attempt
we have made to control the wild, whether it is to control wild rivers with
dams or to control predators, we have learned to our chagrin that we have
not really controlled anything. As we discuss in this book, even the assumption that we should reduce or limit big blazes is one that all do not share.
There should be a place for large fires on the landscape, and we should not
assume that it is desirable to control them all.

Since the time I laid down my shovel and walked away from firefighting, I have
come to view with skepticism most fire suppression as nothing more than
“predator control” for forests. And I am equally dubious about forest thinning/salvage logging proposals in the name of “protecting” forest health. It
seems that logging is nearly always the solution to whatever ails the forest,
much as people once thought that nearly all disease was a consequence of bad
blood. Our understanding of ecology is not much more advanced than our
understanding of human health in the days when leeches were used to bleed
the body. Again and again, the lesson I have taken from the study of ecology is
one overriding fact: we continually believe we know how to manage nature,
only later to learn how misguided our understanding of how things work turned
out to be. There are many examples of this from the scientific literature.3

How we relate to wildfire is part of a schism in the conservation movement as
well. Some advocate human control of nature and genuinely believe we know
enough to manage the cows, the forests, the predators, and so forth, to achieve
a “better world.” Yet to my mind, even the attempt to control such natural
processes and landscapes smacks of great human conceit. This hubris in
respect to nature—of which our relationship to wildfire is only one clear manifestation—is the driving force behind the ecological collapse we are witnessing all around us, from the depletion of our fish stocks to species extinctions,
to tropical deforestation, to desertification, to give only a few examples.

scape. In the end, the goal should always be to return as much of the “management” of the landscape as possible back to nature.

default, if not by general consensus of ecologists—the dominant mechanism
for land restoration that motivates most federal and state land management
agencies because it promises the least controversy, and potentially the most
commercial applications available to land agencies. The goal of this book is to
raise a lot of questions and cautionary remarks in this debate.

Equally as important, unless activities that have contributed to the altered fire
regimes in the first place—again, fire suppression, commercial logging, and
livestock grazing—are terminated so that natural fire regimes can be reestablished, any area thinned today will need to be thinned again in the future,
creating never-ending intrusions into the landscape.

This is not to suggest that I advocate a complete policy of no wildfire management on all lands, or that, by default, I want to let fires burn up homes
and communities. Indeed, I believe there are plenty of opportunities for individuals to take responsible, proactive steps to minimize the threat of fire
to personal property, such as reducing fuels near homes and communities,
and to minimize new fire hazards by controlling urban sprawl—issues that
we discuss in this book. Nevertheless, there is an enormous difference between changing policies to minimize fire hazard to homes and communities
and advocating control and manipulation of forest ecosystems across vast
swaths of the landscape.

•••
While this book is about fire policy and fire ecology, it is also a discussion of a
much larger philosophical debate over the ultimate role and influence humans
should have on natural landscapes. Part I explores the human relationship to
wildfire, including historical, political, and media portrayals of wildfire and
personal reflections about fire and humans. Part II deals with the ecological
attributes of fire in various landscapes, including chaparral, ponderosa pine,
mixed-conifer, and eastern woodlands, among others. Part III is photographically driven. Here I try to show with landscape images that wildfires are the
source for ecosystem rejuvenation and restoration.

A good analogy can be found in how different people approach the issue of
river floods. An interventionist approach sees the “flood” as a problem, and
seeks to control the river through dams, riprap, levees, and channelization. An
alternative, noninterventionist approach recognizes that a healthy river occasionally floods, and that even massive floods are equally as important to river
ecology as “normal” flows, and are thus desirable. A proactive solution is
therefore to prohibit home construction in river floodplains.

Part IV critiques the notion that logging is ecologically similar to fire and,
more importantly, argues that salvage logging after a burn is particularly
harmful and has no place in forest management. Part V looks at the ways in
which wildfire has given rise to a new fire-industrial complex and exposes the
economic forces that drive fire suppression—much to the detriment of the forest and taxpayers. Part VI offers alternatives to current misguided fire policies
—including changing the way we build our communities and altering our perception of wildfire so that we can allow it to be restored across the landscape.

There is general agreement that past land management activities such as fire
suppression, logging, and livestock grazing have severely altered the natural
fire regimes in some forest ecosystems—especially in many of the ponderosa
pine forests of the West. These changes have created a potential problem of
unnaturally intense blazes. Various authors in this volume discuss these
ecosystem changes and their ecological consequences. However, what we do in
response to these changes is still a matter of debate, which I hope this book
will further stimulate. In some instances, moderate amounts of thinning, followed by prescribed burning, done strategically, can potentially alter fire
severity at stand and landscape levels and even lead to the restoration of a
natural fire regime. Nevertheless, the precautionary principle suggests that we
should act with prudence in any significant human manipulation of the land-

In the end, I hope that, like Aldo Leopold, who came to “think like a mountain” in respect to wolves, we can begin to think like a mountain when it comes
to wildfire. If we truly begin to think like a mountain, we will come to celebrate wildfire and to welcome its presence on our landscapes. And if we make
this transition in thought and action toward restoration of a natural fire
regime, toward seeing fire within a larger human-natural system, we will move
closer to a healthier human and natural world that will enrich us all—not just
those within the fire-industrial complex.

Let me be up-front and admit my bias: I believe that nature should be the
final arbitrator in the “management” of our wildlands. There is room for some
flexibility in the approaches society may adopt to solve the problems we have
created with past land management—and the different authors in this volume
provide a variety of perspectives on this issue—but there is ultimately agreement among us that the final goal is to arrive at a point where we can learn to
live with wildfire, rather than being continuously at “war” with it.
There may be a place for thinning trees near communities where a major fire
is unacceptable, but only after other options such as prescribed fire, natural
fire, and even insects and drought are unable to adequately address the perceived problem. I worry, however, that thinning will assume—by political

I admit that we all try to manipulate the environment to a degree. I heat my
house to keep out the cold. I smack the mosquito that is biting my arm. But
I do not advocate warming up the globe to reduce my heating bill, nor do

viii

Following pages: Clockwise from top left: Gifford Pinchot, first chief
of the U.S. Forest Service, ca. 1921; firefighters combating a blaze,
ca. 1940; lookout, Bitterroot National Forest, Montana; Sierra
Nevada forest fire; cows along the West Fork of Rock Creek,
Sapphire Mountains, Deerlodge National Forest, Montana.
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MYTH
Fire Is Bad and Needs to Be Suppressed

MYTH
Big Fires Are the Result of Too Much Fuel

TRUTH

TRUTH

Fire is an elemental and critical ecological force in nature.
Many plants and wildlife species depend on fire to create
important habitat, provide nutrients, eliminate competitors,
and propagate progeny. In many ecosystems, including much
of the arid West, biological decomposition is slow because of
limited moisture and generally unfavorable temperatures. In
these ecosystems, fire is often the alternative decomposer that
releases bound-up nutrients, making them available for
future plant growth. Fires also produce snags, down woody
debris, and other structural components of the landscape that
provide home and food for many species.

portrayed in the media—changes ecosystems in ways that are
detrimental to the landscape and ecological health.

Because fire is such an important and widely distributed natural phenomenon, few ecosystems suffer long-term harm as a
consequence of blazes. Indeed, for those forests adapted to
periodic fire, fire suppression—rather than fire itself, as often

xii

There will always be places where humans do not and cannot
tolerate fire. However, over much of the landscape where
important human values are not jeopardized, a policy of
aggressive fire suppression is not only detrimental to longterm ecosystem health, but also economically suspect. Indeed,
suppression only delays, rather than prevents, future fires,
since without blazes, fuels continue to build until their energy
is released by decomposition. Fire suppression is like buying
on a credit card—at some point there is payback.

While fuel is a key ingredient for any blaze, and fuel accumulations can exacerbate fire intensity, most large blazes result
from drought and wind—not fuels. Yet because fuel treatments are emphasized in management prescriptions, the general public is led to believe that fuels are the driving force in
large blazes and, by inference, that fuel reduction through
tree thinning will prevent large fires. This myth ignores the
fact that some ecosystems—such as the lodgepole pine forests
of Yellowstone and the Douglas-fir forests of the Cascades—
are characterized by large but infrequent stand-replacing
fires, a point of reference that is often omitted in media
accounts.

Fire in Yellowstone National Park, Wyoming, 1988.

Without drought and wind, there can be an immense amount
of fuel in the form of down woody debris, as in the rainforests
of southeast Alaska, but almost no fires. On the other hand,

under drought conditions, even young, recently regenerating
clearcuts will burn, and burn intensively.
Even ecosystems such as the ponderosa pine forests of the
Southwest—which were, to the best of our knowledge, historically dominated by small, “cool” fires—have experienced
occasional climatic conditions of drought and wind that permitted numerous small blazes to coalesce into one large blaze
or several large blazes. Fuel reductions through thinning may
make it easier to control and contain a fire in some situations,
but under extreme climatic conditions, wind and drought—
not fuels—will be the driving force behind the flames.

Biscuit Fire burn through a clearcut, Siskiyou National
Forest, Oregon, 2002.
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MYTH
Logging Mimics Fire

MYTH
Big Fires Can Be Stopped

TRUTH

TRUTH

Many timber companies and logging proponents argue that
removing trees mechanically through logging differs little
from “thinning” of the forest by fire. Yet there are substantial
ecological differences between commercial logging operations
and fire. The biggest difference between the two is the
removal of woody debris. Logging removes trees from the forest ecosystem. By contrast, after a fire, trees killed by heat or
flames remain a resource for decades. These snags supply
homes for countless cavity-dwelling species, from flying
squirrels to bluebirds. The dead trees also furnish food for
beetles, fungi, and other decomposers. When snags fall to the
ground, they provide room and board for a new set of species.
Fallen snags also act as natural water bars, reducing erosion.
If the trees happen to fall into a stream, they help to stabilize
stream channel morphology, reduce water erosion, and provide cover for fish and aquatic insects. Fire also produces ash,

a natural fertilizer, and releases nutrients bound up in plant
material so they are available for new growth. Finally, the
heat and smoke from fires can kill some plant pathogens.
In addition to these structural differences, logging has other
negative consequences that make it differ drastically from
fire. Logging can introduce insects, tree diseases, or exotic
weeds into an area through logging equipment, which also
compacts soils and may increase erosion. Roads created by
logging open up areas for more hunting, poaching, off-road
vehicles, and other human uses.

Willamette National Forest, Oregon.

xiv

Many agencies promote the notion that fire suppression can
halt large blazes. What in fact happens far too often is that
the conditions that allow a blaze to rage change—it rains
or snows, or the wind dies down—and the fire is controlled
and extinguished. For instance, it was snow in September,
not the suppression efforts of 10,000 firefighters, that ultimately quenched the historic 1988 Yellowstone fires. Fire
suppression agencies are sometimes quick to take credit for
stopping a fire when, in fact, the fire was destined to die of
natural causes anyway.

them; however, from an ecological perspective, large blazes,
particularly in ecosystems dominated by stand-replacement
fires, are well within the normal range of variability. Trying to
stop large blazes—if this is even possible, and it often is not
—is like trying to keep a river from flooding. In the effort to
dam rivers, we have destroyed river channel function and
aquatic ecosystem health. Similarly, trying to stop large blazes
is futile and ecologically destructive.
Far too often, because we automatically assume that big fires
are bad, we don’t even stop to ask whether there may be some
important ecological role for them to play.

Large blazes are similar to large floods on rivers—they are an
ecologically critical force of nature that shapes natural ecosystems. Most large blazes are seen as “bad” and viewed as
destructive by the public and many land management agencies because they are resistant to human efforts to control

Crown fire in a ponderosa stand, Star Gulch Fire, Boise
National Forest, Idaho, 1994.
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MYTH
Fire “Destroys” Forests and Wildlife

MYTH
Fire “Sterilizes” the Land

TRUTH

TRUTH

Fire no more destroys the forest in fire-prone ecosystems than
rain destroys the rainforest. But because we tend to equate a
charred forest with a charred, burned-out house, we unwittingly cling to the view that fires destroy the forest. Images of
Bambi running away from a forest fire add to our conviction
that fires must be destructive to wildlife. Yet fire is such a pervasive element of so many natural ecosystems that plants and
animals have mechanisms that allow them to cope with fire,
and often even thrive on fire.

birds have fledged, few birds are hurt by flames. Smaller
mammals such as ground squirrels or mice hide in burrows
in the soil, which is an excellent insulator. Large animals such
as elk and deer merely walk or bound away from the flames.
In fact, the biggest threat to larger animals comes not from
fire, but from the smoke that can sometimes suffocate them.
Of course, fires do hurt or kill some animals — however,
Bambi movies aside, the actual number of animals directly
killed by flames is generally small.

In fire-adapted ecosystems, most species have evolved ways
of avoiding or surviving a fire. Some shrubs and trees sprout
from their roots after the tops are killed by a blaze. Others
have seeds that germinate only after being heated. Wildlife
is equally at home in fire-charred landscapes. Since the timing of most western fires occurs in summer after nesting

Elk grazing after the Yellowstone fires of 1988.
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The idea that fires “sterilize” the landscape is perpetuated by
the news media, which seek out the most dramatic and stark
landscapes to characterize a fire. Indeed, most people are surprised to see snags in the aftermath of a blaze since they are
conditioned to believe that fires vaporize all living matter.
Most fires in the West are not so hot that they completely burn
up trees and shrubs, and few blazes actually sterilize soils.
Furthermore, since most fires burn in a mosaic pattern of
varying fire intensity, many areas are simply not burned at all
or are only lightly brushed by fire.

or plants coat soil particles so their ability to absorb water is
reduced. Such occurrences are relatively rare, occurring
within certain ecosystem types or where unusual conditions
such as a massive blowdown create an exceptionally high fuel
load, leading to abnormally hot blazes. The hydrophobic
effects last only a few seasons before natural weathering
begins to break them down, permitting normal water infiltration. In sum, soils “sterilized” by fire make up a very small
percentage of any fire, or of annual acreage burned, and the
sterilization effects are ephemeral.

Very hot blazes can cause localized mortality for underground
roots, seeds, mycorrhizae, and soil microfauna. Intense blazes
can also cause soils to develop a hydrophobic layer, or waterimpervious cap, that prevents moisture from soaking into the
soil. The cap is formed when organic compounds in the trees

Balsamroot along Elk Creek, Yellowstone National
Park, Wyoming.
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MYTH
North American Landscapes Were Widely
Managed by Native American Fire Use

MYTH
Livestock Grazing Can Prevent Fires

TRUTH

TRUTH

The idea that Native Americans “managed” North American
ecosystems with fire is a widely held myth with a grain of truth
to it, but which is generalized to cover much too great an area.
Some perpetuate the idea to justify current landscape manipulations, such as massive tree-thinning programs, by suggesting that these management activities are not significantly
different from Native American practices prior to EuroAmerican intervention. Others use this myth to deconstruct
the idea that any landscapes were “wild” or unmanaged.
It is true that many low-elevation valley grasslands were
maintained or created by Indian-set fires. However, most
Indian burns were very local—such as the burning of a particular favorite camping spot, or as a pasture for horses near
a major encampment. Indian fires were not a significant influence on the wider landscape.

At higher, wetter elevations around the West, the vegetation
remains lush and green so late into the summer that, in effect,
these lands are “fireproof” and burn only under extraordinary conditions. They are “asbestos” forests, and human
influences on fire frequency here were negligible.

Some livestock proponents argue that livestock grazing,
by reducing fine fuels, can prevent fires. This assertion has
several flaws. First, it assumes that fires are undesirable
and need to be prevented—an assumption not shared by
many ecologists.

Even where Native Americans could be seen as responsible
for many fires, it is debatable whether these blazes were in
addition to, or merely took the place of, natural fires. In much
of the West, lightning strikes are more than sufficient to
account for nearly all observed fire intervals, regardless of
human influences.

Second, anecdotal evidence suggests that livestock grazing
does not significantly reduce large blazes. During periods of
drought, forage production, which is directly related to soil
moisture, is significantly reduced. As a consequence, livestock
consume most of the available forage, leaving little fuel. Yet
the largest range fires occur during these same drought periods. How can that be? The answer is that livestock do not necessarily remove all vegetation. They may consume the grasses,
but not the sagebrush, which remains to carry a flame. In
addition, large blazes are driven by wind and drought, and

Native Americans breaking camp before an
approaching prairie fire. George Catlin painting.
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during these conditions, any residual vegetation—no matter
how little—burns briskly.
Lastly, even if livestock grazing were able to reduce fires, and
this was deemed desirable, other consequences resulting from
the presence of livestock make the “cure” worse than the “disease.” Livestock spread exotic plants like cheatgrass that are
actually more fire-prone than native grasses. Livestock also
compact soils, increase soil erosion, pollute water, degrade
riparian areas, compete with native herbivores for forage, and
jeopardize predator populations as a result of livestockinduced predator control. The end result of all these negative
environmental consequences is far worse, in the view of many
ecologists, than the occasional blaze.
Sheep herd in Boulder Mountains, Sawtooth
National Forest, Idaho.
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MYTH
Salvage Logging After a Fire
Is Necessary to Restore Forests

MYTH
Prescribed Burning Is an Adequate
Substitute for Wildfire

TRUTH

TRUTH

Salvage logging—the removal of burned trees after a fire
under the presumption that it will hasten forest recovery—is
a myth perpetuated by the timber industry. Forests have
evolved over millennia to regenerate themselves after a blaze.
Certain species, particularly nitrogen-fixing plants, often colonize burned sites immediately after a fire. Short-circuiting
this process by cutting and planting trees may ultimately
bankrupt the forest ecosystem due to a reduction in nutrient
replacement.

debris that creates habitat for fish and other aquatic organisms. Snags even create a microclimate that fosters tree regeneration, slowing wind, providing shade, and reducing soil
moisture losses. Many animals, such as woodpeckers and flying squirrels, use snags for homes and food.
Salvage logging also potentially facilitates the spread of exotic
weeds and plant diseases that are carried on logging equipment. The creation of logging roads may increase siltation in
streams through erosion and runoff, and also may increase
access for hunters, trappers, and poachers—all with potential
negative impacts on wildlife.

We are taught to believe that something “dead” is useless, forgetting that many species find food and shelter in dead trees.
Removal of burned trees takes away many valuable forest
legacies, including nutrients bound up in trees that would otherwise remain on-site and provide for the next generation of
trees. Logging also removes snags, and the potential woody

Sign along Madison River, Yellowstone
National Park, Wyoming.
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Prescribed burning is the intentional lighting of fires under
controlled conditions. While an important tool in restoring
fire to the landscape, and as a mechanism of reducing fuels
near communities or other targeted areas where wildfire
would be undesirable, prescribed burning alone is not an adequate substitute for natural wildfire.

in many areas prescribed burns are set in the spring, when
soil moisture is higher—just when young birds and small
mammals are more vulnerable to blazes, and just when
plants are beginning to green up. A fire at this time can do
more damage to an ecosystem than much larger blazes during the normal fire season. Third, the vast acreage that would
need to be burned annually to make any substantial reduction in fuel accumulation—in the millions of acres—would
require a huge fire control force to implement. The costs
would be far greater than allowing natural fires to burn.

First, the conditions under which prescribed fires are set are
often less than ideal for the rapid spread of a blaze. As a consequence, the amount of acreage burned, even under an
aggressive prescribed burning program, is far less than what
would burn under ideal fire conditions. In terms of fuel
reduction or even mimicking historic fire regimes, prescribed
burning often falls far short. Second, because prescribed
burns are intentionally set when control is possible, the timing is often different from that of natural fires. For instance,

Firefighter lighting a prescribed burn in the
Cottonwood area of Boise National Forest, Idaho.
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POLITICAL DECISIO N MAKING PROCESS
A

merica’s fire policy is guided by many factors, including budgetary
allocations, public perceptions, political agendas, and political expediency. Indeed, all of these elements should be part of any public process
dealing with natural resource management on public lands; however, what is
emphasized in the development of a policy makes a critical difference in the
outcome. The diagram depicts fire policy as an inverted pyramid showing the
flow of information and perspective that should result in the best management
of public resources. Since ecological parameters ultimately set the bottom line
for how, why, where, and when fires burn, any policy that ignores ecology will
in the long run likely fail, or exacerbate problems.
In an ideal scenario, good fire policy would start with informed discussion
using the best available ecological information. Contributing to this informed
discussion would be academics, agency researchers/ecologists, and independent scientists and nongovernmental organizations (NGOs).
To this information would be added the local knowledge of district rangers
and forest supervisors on the ground. These recommendations would provide
the basis for fire policy articulated by agency heads such as the Forest Service
chief, the director of the Bureau of Land Management, or the head of whatever agency is discussing fire policy on the lands under its administration.
Finally, this informed and enlightened fire policy would be used by the politicians in Congress as well as the president to formulate a progressive and scientifically sound public policy.

Unfortunately, the current flow of fire policy is from the political side down
through the ranks to the agency managers and researchers. Present policy
seems to favor commercial economic interests over public welfare and/or ecological constraints. Many politicians—lackeys to the timber industry, grazing,
and development interests—exploit the public’s fear of fire, and their lack of
understanding of fire ecology and fire behavior, to foster commercial logging
and grazing schemes under the guise of fire hazard reduction. Such politicians
also advocate greater fire suppression and subsidies to protect development in
fire-prone areas rather than restricting growth in such areas.
Such policies ignore ecological considerations and ultimately create greater
fire hazard, are more costly in the end, and result in greater ecosystem instability. Most large fires are driven by drought and high winds. Unless fuel reductions are done on a massive scale, there is little chance that fuel reductions in
themselves will significantly lower the occurrence of large blazes. In addition,
stand-replacement blazes are the norm in many ecosystems. There are ecolog-

ical reasons why large blazes are necessary to functioning ecosystems and
should not be suppressed. Suppression itself often destabilizes some ecosystems by allowing greater tree density, leading to greater fire hazard. Finally,
unregulated development into fire-prone landscapes is creating a need for
more and more costly firefighting efforts, fueling a fire-military-industrial
complex that seeks to continue lucrative government fire control contracts.
In general, most ecologists and others on the broad bottom of the pyramid
believe fire policy should include a relaxation of fire suppression so that most
natural fires are minimally managed or only monitored, not controlled. In
addition, most would agree that a good fire policy would place a greater
emphasis on prescribed burning and aggressively fund such a program. Most
fire specialists recognize there is a need for strong zoning to exclude construction in fire-prone areas. Logging programs to thin forests is more controversial, but when there is agreement on thinning, most scientists, NGOs, and
agency researchers recommend removal of small-diameter understory trees in
or near communities rather than spending money and effort to cut trees in
roadless areas or on lands distant from urban communities.
There is also a spiritual and philosophical dimension to the controversy. For
many, restoration of wildness to the landscape is philosophically desirable.
The concept of wildness comes from the idea of “self-willed” and “selfgenerating.” For many public lands, allowing fire to burn unimpeded allows
natural processes to regulate and manage the landscape. Many of those who
advocate intrusive and heavy-handed control believe humans have the knowledge to manage ecosystems, and some would even suggest they have a mandate from God to manage the earth. This philosophical divide is part of the
controversy that rages over fire policy.
Unfortunately for America’s forests and grasslands, economic interests, political agendas, and political expediency currently dominate fire policy implementation. The pyramid flow is upside-down, with economic interests and
political agendas driving and dictating fire policy, often in complete opposition to the best available science and long-term public interest. Commercial
economic interests and political agendas, including in some instances religious
beliefs that place humans at the center of the universe, drive fire policy more
than sound science and good stewardship. In particular, the Bush administration and its allies in the timber and livestock industries are exploiting public
fear and misconceptions about fire ecology with their “Healthy” Forest
Restoration Act. The act will undoubtedly increase the health of bank accounts
for commercial logging and livestock grazers but will do less toward promot-

ing real
ecological
health on the
nation’s public
lands.

ACADEMIA
AGENCY SCIENTISTS
NGOS/OUTSIDE SCIENTISTS

The Healthy Forest
Restoration Act and
other similar proposals
are a Trojan horse used to
disguise an agenda that seeks
to increase commercial logging
and livestock grazing in the name
of fuel reduction. Indirectly, the act
will also foster unregulated development in America’s hinterlands. In addition, the act uses a number of euphemisms to disguise its real goals. For instance,
the term “healthy forest” implies that the act
will improve the ecological health of forests—
by happy coincidence, through commercial
logging and livestock grazing. And the term “stewardship contracts”—used for the timber sales contracts issued under the act — implies that logging
companies and livestock grazers are only working on
behalf of the public to steward or guide forests toward
greater long-term ecological stability when, in fact, if this
happens at all, it is secondary to profits.

DISTRICT RANGERS
FOREST SUPERVISORS

FOREST SERVICE CHIEF
CONGRESS

timber
sales carried out in the
name of “fuel
reduction” allow
mature, older trees
to be cut down to
sweeten the deal for
commercial interests, yet
these are the very trees that
are most fire-resistant. Despite the costs of noncommercial thinning and prescribed
burning, such programs are vastly
less expensive than fighting fires to
protect communities after a major
blaze is on the outskirts of a town.

The same is true for so-called “salvage” logging, which purports to “salvage” value from
the burned trees by ignoring the multiple ecological values of fire-created snags and their longterm contribution to forest health. Burned snags
that result from fire are not “wasted” resources—
rather, they are critical for the long-term ecological
restoration of the site. They provide nutrients, shade, soil
stabilization, and wildlife habitat that often last for decades
after a fire. Furthermore, it is questionable whether logging
charred trees significantly reduces fire hazard.

UNITED STATES
PRESIDENT

This happy convergence of commercial economic interests with
the public interest runs counter to the conclusions of many scientists as well as the National Fire Plan, which notes that “logging
and clearcutting can cause rapid regeneration of shrubs and trees
that can create highly flammable fuel conditions within a few years of
cutting.” The National Fire Plan also notes that in many instances, exotic
plant invasion—largely driven by livestock grazing—has contributed to
increasing fire hazard.

One positive aspect of the Healthy Forest Restoration Act is an increase in
prescribed burning to reduce fuels. However, this treatment is still used far
less than needed, and is an underfunded aspect of the act.

While some thinning of forests may be appropriate near communities and
under other special circumstances, such proposals are seldom commercially
profitable unless larger trees are included in the sale. As a consequence, many

If we are going to have sound public policy with regard to fire, we need to
invert the pyramid so that ecological and spiritual values, rather than political
expediency and economic interests, drive fire policy .

Finally, livestock grazing does more to exacerbate fire hazard, as
well as introducing a host of other ecologically destructive impacts,
than any “reduction” in fuels resulting from grazing.

PUTTING THE PYR AMID ON ITS HEAD
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WORLD VIEW
T

he paradigms and metaphors we use to filter facts and experience greatly influence how we perceive the world. In the two illustrations here we
have developed the concept of two differing “eyes” through which
we view the natural world—and, in particular, wildfire. One is an industrial/
anthropocentric worldview, the other an ecological/biocentric worldview. The
images you see in the eyes, and the compare-and-contrast concepts listed below

them, reflect these differing perspectives. The industrial/anthropocentric eye
views fire as a threat to wildlife, property, and landscapes, as well as an opportunity to achieve a financial purpose, whether through salvage logging or the
subsidization of fire suppression and firefighting efforts. The industrial/
anthropocentric perspective believes that humans can and must control natural
processes such as fire. It also tends to believe that natural processes are mechan-

ical and that they respond to human tinkering, much like a machine. Ultimately,
the industrial/anthropocentric perspective on wildfire negatively affects the
health and well-being of the environment. In contrast, the ecological/biocentric
eye views fire as a generally positive natural force. The ecological/biocentric eye
sees trees, including burned trees, as an integral part of a forest, not as a giant
woodbox to be exploited. The ecological/biocentric perspective understands the

complexity and unpredictability in nature, and the value in maintaining that
complexity. It is a long-term view that supports a sustainable human and natural environment. Through these two “eye” concepts we encourage you to explore
and to increase your awareness of these differing perspectives. Two worldviews.
Two eyes with which to see the world. Two ways to see how humans can live on
the planet, but only one of them is sustainable.

INDUSTRIAL /ANTHROPOCENTRIC

ECOLOGICAL / BIOCENTRIC

Views fire as a threat
Thinks in terms of utility (use and exchange value)
Takes a narrow/specialist view
Considers the short term
Promotes the welfare of individuals
Has a simplistic understanding of how natural systems function
Sees natural processes as mechanical and able to be controlled
Ignores extinctions
Advocates biologically unsustainable solutions
Holds human cleverness to be the measure of the appropriateness of any action

Sees fire as an integral part of the ecosystem
Thinks in terms of intrinsic worth (existence is valued for its own sake)
Takes a wide/holistic view
Considers the long term
Promotes the public welfare
Has a nuanced understanding of the complexity of natural systems
Recognizes that nature operates beyond human control
Worries about extinctions
Advocates biologically sustainable solutions
Holds nature’s wisdom to be the measure of the appropriateness of any action
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DEEP VALUING OF WILDLANDS AS ECOSYSTEMS
Learning Sustainability from the Integrity
and Resilience of Natural Systems
Alan Drengson, Ph.D., and Duncan Taylor, Ph.D.
The dominant industrial approach to forest and wildland use in North America ignores the richness
and complexity of whole living ecosystems. It tries to control all natural forces, including wildfire, but its
methods create many problems. In contrast, deep valuing of forests and other wildlands as whole
ecosystems aims not for control, but to work sustainably within biocentric norms such as the integrity
and resilience inherent in whole forest and wildland communities.

Alan Drengson is an emeritus professor at the University of Victoria, B.C.,
Canada, where he was a director and founder of the Environmental Studies
Program and a member of the Philosophy Department. He founded The
Trumpeter: Journal of Ecosophy; coedited Ecoforestry: The Art and Science
of Sustainable Forest Use; and has authored numerous books, including The
Practice of Technology and Beyond Environmental Crisis.
Duncan Taylor is assistant professor of environmental studies at the
University of Victoria, B.C., Canada, where he teaches systems analysis and
community restoration ecology. He is coeditor of Ecoforestry: The Art and
Science of Sustainable Forest Use and author of Off Course: Restoring
Balance Between Canadian Society and the Environment.

H

ow our society perceives and relates to natural ecological processes
such as wildfire is part of a larger philosophical debate that permeates all land use disputes. When we say “all land use disputes,” we
include managing wildfire not only in national forests and parks, but also in
developments in the wildland-urban interface. The dominant perspective
views forests as industrial fodder and sees wildfire as a threat to industrial
exploitation. An alternative approach views wildfire as part of an organic
whole that must be tolerated, respected, and ultimately lived with rather than
fought or suppressed. In our society this clash between two competing worldviews is at the root of the current conflicts over forest and land management,
as illustrated by their differing approaches to wildfire.
In the current conflict over wildfire, pest management, forest preservation,
and logging, two quite different orientations or approaches are at issue. One is
the dominant mainstream, expansionist model of modernism; the other is a
suite of emerging ecological approaches.
The expansionist approach is based on a human exemptionalist model of our
relation to nature in which humans exist apart from and outside of nature. It
accepts a utilitarian value system. In the expansionist paradigm, nature
is regarded essentially as a storehouse of resources to be used for meeting ever-increasing material needs, by an ever-increasing human population. Consequently, this position equates growth in gross national product
with progress in industrial development, which in turn is regarded as a prerequisite for human happiness and prosperity. Any drop in the rate of consumption and throughput growth is said to result in stagnation, mass
unemployment, and distress.

Clockwise from top left: Aldo Leopold, father of the national
forest wilderness system, ca. 1947; crown fire, Siskiyou National
Forest, Oregon; forest regeneration after the Yellowstone fires
of 1988; wolf in Montana.

Those who argue for the expansionist position claim that new technological
advances can be relied on to increase global standards of living, to harness
renewable and more environmentally friendly sources of energy, and to
increase food production and the availability of other biological products
through breakthroughs in biotechnology. In turn, more efficient technologies are thought to be able to solve the problems created by previous technologies, to create substitutes for depleted resources, and to repair damaged ecosystems.
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On the other hand, the emerging ecological approaches to using forests and
wildlands, and to managing wildfire, are based on seeing humans as participants in nature, and are underlain by an ethic based on respect for diversity
and ecocentric values. Ecocentric values are values intrinsic to nature and
to human life. They are cherished for their own sake. They are considered to
be good in themselves, and to be ends in themselves. In contrast, current
management approaches view forests, wildlands, and their inhabitants
as instrumental values—that is, objects whose value lies in their usefulness
or economic value to humans.
In respect to the natural world, people holding the intrinsic nature view (supporters of the deep ecology movement, for example) value all living things for
their own sake, independent of their usefulness or economic value to humans.
In contrast, the instrumentalist nature view sees all value as vested solely
in humans. As a result, the world is valued only as means; its value is as a
resource to be used for human consumption and enjoyment. In the instrumentalist nature view we have an obligation to manage and control the world to
meet human needs and desires, insofar as this is consistent with our interests
and those of future generations. In the intrinsic nature view we have an obligation to manage ourselves so as to preserve the beauty and integrity of the
planet’s ecological processes and functions. All beings count, and their vital
needs must be respected when we design our practices and lifestyles.
Throughout the 20th century, environmental discussions in the West were
polarized by these two approaches. The first well-known articulation of these
opposing views surfaced in debates between John Muir (1838–1914, naturalist, essayist, and founder of the Sierra Club in 1892) and Gifford Pinchot
(1865–1946, first U.S. chief forester, who largely guided President Theodore
Roosevelt’s conservation program) early in the century.1

politically and economically naive. Indeed, these “conservationists” argued
that land must be used in the interests of a growing industrial economy,
thereby providing jobs and wealth to the larger society.
Ideally, for “conservation” to be realized, wise scientific management procedures must be adopted in the use of all resources, including forests, grasslands, wildlands, soils, waters, and wildlife. Moreover, wherever possible, these
resources should be harvested as renewable crops. In this way, Pinchot and
others believed that nature’s resources could be used and saved simultaneously and thereby conserved for future human generations. One problem with
this approach is that it tries to base “wise” decisions on too narrow a value
foundation. Generally, wisdom comes with a maturity that moves us beyond
narrow egocentric focus to concern for a larger community, including the community of life we live within. Another problem with Pinchot’s conservation
approach is that science as defined in the modernist paradigm is claimed to be
value-free. It pursues knowledge, not wisdom. To include such values is to
move beyond the dominant scientific paradigm.
Pinchot’s legacy lives on with those who champion the sustainability of the
existing expansionist paradigm. In other words, this view of conservation reinforces the dominant industrial expansionist worldview by, ideally, protecting
the ability of the land to provide a limitless supply of resources—hence, sustainable economic development. This thinking involves attempting to control
and redesign forests by removing old trees and replacing them with “superior”
desired species that are then managed “intensively”—that is, by the same
methods used in industrial agriculture, based on machines and external subsidies; the use of fertilizers, pesticides, and other petrochemicals; and the exclusion of wildfire and natural patterns of succession.

Anticipating the later work of Aldo Leopold (1887–1948), Muir argued for
the adoption of an environmental land ethic that would recognize the inherent
value of natural entities and their right to pursue their own destiny—that is,
to continue to evolve. Muir believed we should preserve large areas of wilderness so that it can evolve independent of human manipulation—even if no
human ever visits such areas. He thus rejected what is still a basic tenet of
modernity, which uses and views nature primarily in utilitarian and economic
terms. Moreover, his beliefs put him increasingly at odds with his contemporary Gifford Pinchot, as well as with the values that dominated North
American society in the early 20th century.

On the other hand, Muir’s position is favored by proponents of the emerging
ecological approaches. They believe that we must recognize ecological limits
to material growth and transform our economies to meet the imperatives of
these limits—not the other way around. Moreover, they reason that the products of ecological and evolutionary processes like wildfire can be sustained
only by protecting the integrity of the ecological communities and systems
that give rise to them. This necessitates the preservation of large areas of
wilderness for the ongoing protection of biodiversity as well as aesthetic and
spiritual values. In other words, we must ultimately reject the expansionist
paradigm and learn to live off the interest or abundance of nature while protecting its biological capital.

On the other hand, “conservation” as defined and championed by Pinchot is
an ally of the expansionist paradigm. We conserve resources for future human
use, not because whole forest and wildland communities are valued in themselves. In many respects, it was for this reason that conservation had gained
some legitimacy by 1908, when Roosevelt held the first Governors’ Conference
on the Conservation of Natural Resources at the White House. Not surprisingly, Muir was not invited. By 1909 the Canadian government had established its own Commission on Conservation.2 Indeed, the “wise use” school of
Pinchot in the United States and of Clifford Sifton in Canada equated conservation with sustainable exploitation. For both men, conservation should work
against the wastefulness and environmentally disruptive excesses of a developing society, but not against industrial development as such. For land to be
protected or alienated from resource development and extraction was seen as

Current “wise use” strategies consume natural capital and impoverish diversity. Hence the need to discard the current emphasis on models for sustainable
economic development in favor of strategies for developing environmental sustainability. Management priorities should be on maintaining biodiversity and
ecological processes. In turn, ecosystem functional complexity and diversity
are closely tied to the overall level of forest and wildland biodiversity, integrity,
and resilience—and thus its ability to respond to stress and perturbations.3
Ecosystems are in a constant state of flux and transition. When major changes
or perturbations such as wildfire occur, forest and wildland ecosystems that
are resilient will maintain the necessary components and legacies to reorganize
and renew themselves in innovative ways. Forests and wildlands that have lost
their resiliency as a result of modern land management have less capacity for
dealing with stresses and are less capable of reorganization and renewal.4
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of their associated species.5 Anthropocentric management of this form results
in a simplification of the complex, diverse ecological communities that are
part of the evolving processes of the earth. And the loss of this biodiversity is a
loss of an invaluable heritage in genetic and other planetary values.

A solution then, might be to redefine Pinchot’s “wise use” philosophy. If we
consider future human needs over several generations, can we not then design
practices that better reflect ecosystem dynamics, including the role of wildfire? The challenge is to build long-term conservation costs into the market
system’s economics. This approach could buy time. However, in our view, it
cannot resolve our fundamental problems.

Most forest and wildland management plans aim to maximize the short-term
economic profit of forest and land exploitation. They try to address the erosion effects of building roads, and the “negative” effects of pests and wildfire.
These are considered problems to be controlled. However, these “problems”
are often a direct result of implementing technological intervention guided by
the industrial model. Forest and wildland management plans should be comprehensive in including human and biophysical needs, not just industry profits and jobs. Most forest and wildland management plans also fall prey to the
assumptions of the industrial culture. Thus, they tend to be multipurpose,
and aim at providing maximum net benefits through the managed control of
forests and wildlife as if we humans owned them. Both of these uses of “multipurpose” and “maximum benefits” are based on serious misunderstandings. “Multipurpose” in practice means only private or public human use,
perhaps even just one main purpose, such as logging. “Maximum benefits”
have proven to be dangerously vague and open to maximum exploitation
rather than long-term sustainability.

We cannot design sustainable practices without a deeper understanding of the
relevant complex values and costs. All values lost must be included as costs. In
addition, just as a person who is egocentric often fails to perceive community
values, so a person who is anthropocentric (believes that only humans have
inherent value) can have difficulty understanding and perceiving the diversity
of ecological values inherent in forest and wildland communities and the earth.
It is not just a matter of short-term versus long-term perspectives, although
looking at our situation with a broader temporal perspective certainly helps. It
is a matter of a different frame of reference that opens to greater depth and
includes whole systems and our participation in them.
The mainstream view is flawed by an anthropocentric philosophy that
assumes humans should manage forests for human benefit alone—a philosophy based on the belief that humans have a right to dominion and control
over nature and its forests. The anthropocentric view underlies conventional
wildland and forest management. It has maintained a policy of fire and pest
suppression, and has converted natural forests into tree plantations by means
of clearcutting and “reforestation” according to industrial models. Guided by
this philosophy, for example, foresters write forest management plans for
“desired future conditions”—conditions based, however, on what is best
for the industrial economy, not for the forests. The usual result is management for certain favored species of trees that will produce timber for sawlogs
or wood chips for pulp and paper.

Modern resource management might strive for maximum sustainable yield,
but it is based on partial knowledge of values and species and plagued by a
great ignorance of ecosystems as a whole. These are fatal flaws. Nowhere is
this shortcoming more evident than in its simplistic, problem-creating
approach to wildfires in forest and landscape ecology. This mainstream
(Pinchot’s) approach has given us the twin threats of catastrophic fires and
landscapes that have their natural values reduced to almost zero by being
turned into an industrial design.6 In the process we squander the forest and
land communities’ accumulated ecological capital and wisdom, and deprive
ourselves and other beings of inestimable values and irreplaceable services. At
the beginning of the 21st century an entrenched industrial enterprise model is
challenged by its own dysfunctional problems. Grassroots support is growing
for the emerging suite of ecological approaches we describe here.

Historically, anthropocentric management has led to the loss of forest ecosystem resilience and the ability to absorb and recover from shocks and major
disturbances such as fire and extreme weather patterns. It has thus led to the
destruction of fully functioning, natural forests and to the extinction of many
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INTRODUCTION
Humans and Fire

H

umans and fire go together like people and dogs. In fact, before we
domesticated the dog, we likely domesticated fire. Fire is also the first
natural phenomenon we learned to control. Fire was used in warfare,
to clear brush, to favor plants that we or our prey ate, and it allowed us to eat
certain foods that otherwise would be poisonous, unpalatable, or even inedible without cooking. The control of fire was a critical step in our dominance of
the planet. Human history and fire history are intertwined and complex.
Reflecting our relationship to fire and its complexity, each of the authors in
Part I provides a different point of view on fire, including historical, biological, philosophical, political, and personal perspectives.

Joe Fox, a former wildland firefighter and smokejumper, explores the motivations that draw people into becoming smokejumpers and explores the conflicts of the work. Ironically, as Fox acknowledges in his essay, the control of
wildland fire by firefighters like himself destroys the very wildness they seek
to find in these remote hinterlands.
However, the vast majority of people do not see fire as anything but a destructive force. Few feel the magic and awe in the surging power of a firestorm or
the beauty of a glowing flame. Because of the often-adversarial relationship
humans have with fire, it is not surprising that we tend to speak of it in negative terms. Conrad Smith examines how journalists often ignore the ecological
role of fire and instead exploit the fear of fire to sell news. Part of the problem,
Smith points out, is that most journalists do not seek out scientific information about fire ecology. Often, because they lack an informed background,
they don’t know the right questions to ask, or how to frame the issue of wildfire in such a way that the public’s understanding of fire is improved. This
lack of ecological understanding is also influenced by the language we use to
describe fires. The short sidebar “Incendiary Language” describes how the
pejorative language used in connection with fire affects our perception of fire
as good, bad, or neutral.

In his many books and essays on fire, historian Stephen Pyne argues that it
was fire as much as social organization and tools that permitted our species
to dominate the globe. Without fire to warm our tents, huts, and caves, it
would have been difficult for us to penetrate the colder regions of the
Northern and Southern hemispheres. Here Pyne further explores the coevolution of humans and fire in a provocative essay suggesting that fire should
be seen as a biological and cultural agent.
Mollie Matteson, a former Forest Service wilderness ranger, writes about the
experience of wildfire as part of a spiritual knowledge that should be preserved
as much as the scenery, wildlife, or any other component of a natural area.

Les AuCoin, a former U.S. congressman, explains how and why politicians
are often eager to exploit a blaze to garner votes or funding for their local
economy. From an insider’s perspective, AuCoin uncovers the politics of fire
and how the public’s fear of flames is used to manipulate support for unnecessary and often uneconomic solutions, such as the Bush administration’s
Healthy Forests Initiative.

While humans have used fire to modify the landscape to suit their needs, the
question of whether this influence has significantly altered the planet is the
subject of ongoing debate. Geographer Tom Vale takes a critical look at the
cultural use of fire by Native Americans in terms of how and to what degree it
may have shaped the plant communities of the West. This issue is especially
important to understand as we try to restore fire to the landscape. Is human
intervention necessary to re-create historic fire patterns, or are natural ignitions from lightning and other sources sufficient to account for past fire frequency and spatial scale?

Lastly, poet Gary Snyder, who lives among the pine forests of the Sierra
Nevada, tells his own story of how he and his neighbors are learning to live
with fire, describing what will hopefully become a widely accepted new
paradigm for how humans can coexist with, rather than fight against, fire.

xxx–1: Wildfire, Malibu, California, 1993.
Opposite: Regrowth after fire provides nutritious feed
for elk at Swan Lake Flat below the Gallatin Range,
Yellowstone National Park, Wyoming.
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THE FIRE OF LIFE
Thinking About the Biological Basis for Fire
Stephen J. Pyne, Ph.D.

Fire is a creation of life: the oxygen, the fuel, and, with humanity, the spark that combustion
requires all come from the living world. Yet we continue to imagine burning as simply a physical force
against which we should muster physical counterforces. This is inadequate.
We need, rather, a properly biological theory of fire.

H

Stephen J. Pyne’s career kindled in 1967 when he joined the North Rim
Longshots, a fire crew at Grand Canyon National Park. He returned for 19
seasons in three parks. Currently a professor at Arizona State University, he
is the author of 16 books, including a six-volume global suite of fire histories,
Cycle of Fire, and Tending Fire: Coping with America’s Wildland Fires
(2004). His degrees include a B.A. from Stanford University and an M.A.
and Ph.D. from the University of Texas at Austin.

ow should we think about fire? The question is trickier than it might
seem, for fire synthesizes its surroundings; it takes its character
from its context. Like the other elements of the Ancients—earth,
water, air—fire’s manifestation depends on its setting. However, unlike them,
fire is not a substance but a reaction, and unlike the others, its environs make
its very existence possible. Describe fire’s setting, and you describe fire. Control that setting, and you control fire. To imagine fire is to imagine fire’s
context. The most elemental failure of contemporary fire management is
finally a failure of that imagination.
The traditional prism for conceptualizing fire is physical: it should be more
deeply biological. The traditional prism of fire protection is to envision fire
within a hierarchy of physical frames. Life matters because it spawns fuels
and complicates predictions of what will happen after the flames have passed,
but grand physical parameters really control fire, and they must be countered
by physical forces of equal magnitude. The ecological equivalent is to consider
fire as a “disturbance,” part of a suite of outside agencies that intrude upon,
upset, or shatter biotas. Flame becomes a kind of heat-flux hammer, whose
impact is measured by comparing the eco-edifice that existed before its blows
with the shards that survive.
It is possible, however—perhaps essential—to turn this conventional conception inside out. One can, instead, define fire as primarily a phenomenon of
the biosphere, subject to biological controls both tiny and huge, with the wellknown physical constraints internal and secondary to that scaffolding. The
old expression that such-and-such a disease spread like wildfire would be
reversed to read that such-and-such a fire spread like a disease, a contagion
of combustion. Fire more resembles severe acute respiratory syndrome
(SARS) or a bark beetle epidemic than a clearcut. Such a reconception could
better accommodate the enormous diversity in what burns, how it burns,
and what effects the burning yields.
How Life Made Fire
The larger justification for this construct goes like this. Fire is a creation of the
living world. Life supplies its oxygen, life furnishes its fuel, and through our-

Firefighter setting a burnout to eliminate
fuels and create a fire break.
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A biological theory of fire could recharter fire as a biotechnology, one in which
“control” depends on context. Some fires do behave as mechanical implements
—a candle, say, or a blowtorch. But fires in the landscape take on the properties of their setting. A fire in agricultural fallow more resembles a sheep dog or
a milk cow, a domesticated creature. A prescribed fire in wildlands is a captured ecological process, akin to a grizzly bear trained to dance. The mantra
that “fire is a tool” contains little of these nuances, suggesting that one could
substitute an ax or bulldozer for flame. One can’t. Truly biotechnological treatments would thus range beyond slashing and fuel reduction burning, for whatever shapes fire’s surroundings shapes fire, and fire’s effects will vary with the
biotic medium that sustains it. Integrated pest management is a better model
of fire management than traditional firefighting.

selves, life kindles most ignitions. Wind, lightning, drought, upper-level highs,
El Niño–Southern Oscillation (wet /dry) episodes, ridges and ravines—in the
absence of life, such physical parameters constrain nothing but themselves.
They exercise influence only through the medium of a biosphere that makes
combustion possible and that profoundly shapes its properties. This is not a
plea for a vague Gaian fire, or a metaphysical appeal to life forces. It simply
states a reality lost in the fury of quenching flames, forecasting winds, and
chopping “fuel.” Wind, ice, landslides, floods—all such disturbances can occur
without a particle of life present. Fire cannot. Its power resides in its power to
propagate, and the power to propagate requires transmission through a biotic
medium. No life, no fire. While we speak loosely of solar, nuclear, or volcanic
“fires,” these expressions are metaphors for things that appear bright and hot.
They are not founded on a chemistry of combustion.

A genuinely biological theory of fire would reposition our conception of what
we ought to do (and not do) to promote fires we want and to prevent those we
don’t. It would encourage some big fires (of any provenance) because, in certain places, they are necessary, doing ecological work that nothing else can.
But such a theory would also boost small fires (of any provenance) because
they may be useful in smaller sites as a kind of fire gardening, an alternative
to mindless mowing and the application of chemical herbicides and pesticides,
allowing us to reinstate flame into vernacular as well as monumental landscapes. A biological theory of fire would reclassify such sites as fire niches and
opportunities, while a mechanical conception lashed to the political constraints of the public lands would necessarily overlook such sites or view them
only as points of infection from which wildfire might escape.

Real fire—the oxidation of hydrocarbons—is a creation of life. Real combustion takes apart what photosynthesis puts together. It is among the most elemental of biochemical reactions; when it occurs in cells, we call it respiration,
and when it occurs on landscapes, we call it fire. At every scale, a suite of biological controls can shape how combustion’s core chemistry behaves. From
the level of molecules and mitochondria to individual particles to landscape
patches to the planet itself as an abode for fire—genetic, ecological, and evolutionary processes sculpt what kind of fire exists, when, and where. Pick
almost any aspect of Earthly fire, and its biological character is fundamental,
for without life, fire would not exist. Moreover, a biological theory of fire
would reserve pride of place to ourselves as uniquely fire creatures, as the
one species to claim a monopoly over fire’s direct manipulation. Fire ecology, as presently conceived, encompasses only a fraction of what a general
theory of fire biology would embrace. Such a redefinition of fire as a subject
would allow for a redefinition of fire as a problem.

How People Complete the Cycle of Fire
More profoundly, a biological theory of fire would allow a place for ourselves
as an ecological presence—in fact, as the biosphere’s designated fire agent.
Landscapes forged in anthropogenic fire would be the norm for understanding, and sites from which humans have chosen to absent themselves would
become, properly, ecological outliers. No place is truly exempt from what people choose to do or not do regarding fire. Declaring places that are currently
emptied of people as a core model for fire ecology belongs with physicists
addicted to ideal frictionless surfaces; it simplifies the equations but does not
describe the real world. For fire ecology as a form of scholarship it may make
more sense to reverse past traditions: instead of beginning with a “wild” landscape and putting people in, it would be truer to begin with people and their
fires and then see what happens when people and their fires are removed. The
arguments for such a recentering of fire theory (or refocusing, focus being
the Latin word for hearth) are two—one theoretical, the other practical.

How the Biology of Fire Should Shape the Management of Fire
What would such a biologically based theory of fire mean in practice? For
actual firefighting, it might mean little. Suppressing the intermix fire along the
urban fringe will still depend on simple, mechanical treatments like raking
needles and shearing off “ladder” fuels. Firefights will still resort to water,
pulaskis, and retardants in an effort to break the chain of combustion chemistry. But the context of protection could shift from simple mechanical tools to
more ecological engineering, from confronting flame to controlling the fuels
that shape flame—which is to say, to assuring that fire has the right habitat to
do the biological work required of it without damaging humanity’s own habitations. Certainly, reintroducing fire to a landscape that has lost it is akin to
reintroducing a lost species; fire can only thrive if it has the proper setting.
What is likely is that the search for a suitable biologically based strategy will
integrate fire management with everything else that happens on the land.

unified theory of physics can ignore gravity, however inconvenient to quantum calculations. A biological theory of fire demands a place for ourselves.

Lightning, torch, furnace; smoking snag, flaming fallow, combusting coal—
through the agency of humanity as a fire creature these share a plenum of
burning, an ultimately common ecology of fire, linked not only by the chemistry of oxidation but by our agency as fire creatures. Industrial combustion,
in particular, exists only because humans tend it, and it interacts with other
varieties of combustion through the medium of human societies.

The practical issue is that fire ecology includes the flow of ideas and information as much as carbon, and that institutions structure landscapes as fully
as mountains and seasons. Because humans are such powerful fire agents—
starting and stopping ignitions, forever fiddling with fuels—the means by which
they decide what to do powerfully influence how fire appears on the land. People
choose fire practices on the basis of what they know, and they act on those choices through institutions. The programmatic crashes in fire management that followed the 1988 Yellowstone fires illustrate nicely how a fire’s effects can be
broadcast through journals, reports, and government bureaus as well as through
air, water, and soil. Whether they read the scene correctly or not, agencies shut
down reforms and forced natural fire programs to start anew. Fire officers from
Siberia to South Africa reconsidered their policies and practices in the light of
how they understood (or misunderstood) what had happened in Yellowstone.
By such means, landscapes far removed from the Northern Rockies felt the
impact of Yellowstone’s burns. This is as real as fire ecology gets.

It is more than odd that a creature with a species monopoly over fire should
deny its own presence in theories about fire ecology, yet that has been the
case, in good part because fire scholarship has meant fire science, and fire science has meant fire physics. The American fascination with wilderness has
further clouded the issue by suggesting that fire ecology could be best understood in wilderness, unencumbered by human finagling, privileging wilderness fire as an archetype instead of an outlier. Permitting a place for ourselves
would permit industrial fire to join the constellation of Earthly combustion.
Since today industrial fire is the dark attractor of planetary combustion, the
deep driver of how and why fire looks as it does on Earth, this is not a trivial
consideration. Without industrial fire, conceptions of fire ecology are both
inept and incomplete.

Such a reconception of fire ecology that allows for—indeed, mandates—
humanity’s presence also creates a place for information. Ideas, data, misperceptions, beliefs—all these mold how people behave, directly with fire or indirectly with the landscape through which fire must act. Increasingly,
information is the power behind fire applications. For decades, fire management has resembled a commodity economy, a coarse exchange between money
and burned area. More and more, however, it has re-created itself as a kind of
service economy, for which information has become the specie of circulation.
Although the likely prospect is that fire management must become more, not
less, intensive in the future, increased intensity need not simply mean more
axes and pumps. It should mean denser data and contextual knowledge that
can guide more specific decisions about particular places. Intensity of management will depend on intensity of information.

Not least, industrial fire, which seems so abstracted from the living world, and
which, encased in machines, would seem to argue powerfully for the physical
character of fire, in fact challenges the assumption that physical parameters
are paramount. The composite burning of both living and especially fossil
biomass is progressing to the point that it is perturbing the global climate. At
its core, global warming is a question of combustion, and of people. Which is
to say that even climate can no longer be considered an absolute, a physical
condition beyond the realm of anthropogenic fire practices to influence.
That is why the fire of life is more than a cliché or a metaphor of convenience.
It is how we must reconceptualize those fires we want, those we dread, and
those we hope to understand.

The power of fire, or Flame . . . we designate by some trivial
chemical name, thereby hiding from ourselves the essential
character of wonder that dwells in it as in all things. . . .
From us too no Chemistry, if it had not Stupidity to help it,
would hide that Flame is a wonder. What is Flame?

The theoretical case is that we hold a species monopoly over fire’s manipulation, that we very nearly close the circle of life for fire’s cycle. Other creatures
knock over trees, dig holes in the ground, eat plants, hunt: we do fire. This is
who we are as ecological agents. We may choose to remove ourselves from
the scene in select wilderness areas, but this is our choice, not a natural state
for humanity, who tend to fill up (and overflow) every place they can get to.
Removing ourselves from theory, however, is nonsense. No one would argue
that we ought to delete lightning from fire ecology models because it complicates ignition rhythms, yet humans start many more fires than lightning. No
one would suggest that we erase grazers and browsers from models of firefrequented ecosystems since they muddy the fuel scene, yet people affect
“fuels” far more than any other organism. No comprehensive theory can
ignore how we conceive of the world and our place in it, any more than a grand

It is improbable that the search for biological controls would plunge into
the molecular level—it is hard to conceive of genetically modified fuels, for
example—but in principle it is possible in ways that one cannot so imagine a
genetically modified flood or ice storm. A biological theory could, however,
redefine prescribed fire away from simple hazard reduction, as though fire
were merely a flaming woodchipper. What matters is not merely fire’s physical
rearrangement of biomass but its biochemical reactions. The purpose of prescribed burning is to ensure that fire does the ecological work demanded of it;
the purpose of fuel management is to get that fire. (If all one wants is fuel
reduction, there are plenty of techniques available other than burning.)

6

—Thomas Carlyle, “The Hero as Divinity,”
Lectures on Heroes, 1840

If all that changes slowly may be explained by life, all that
changes quickly is explained by fire. Fire
is the ultra-living element.
—Gaston Bachelard,
The Psychoanalysis of Fire, 1964
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A SPIRAL DANCE
The Necessity of Fire to Wildness
Mollie Matteson

Wildfire is a key ecological process in many natural communities. But it is also much more.
Symbolically, fire epitomizes change and transformation, the unpredictable and uncontrollable essence
of nature. Fire is wildness in motion. Human attempts to suppress fire threaten the spirit of
wildness in nature, and the spirit of wildness in ourselves. At stake is nothing less than
the connection of our own essential nature to that of earth.

A

Mollie Matteson is a writer, editor, and wilderness activist. She obtained an
M.S. degree in wildlife biology from the University of Montana while studying
a recovering population of gray wolves. She has worked as a wilderness
ranger, wildlife researcher, environmental educator, and teacher and has
published two books, along with a variety of essays on environmental
philosophy and ethics.

swirling of wind, the darkening horizon. Heat. Air. Electricity. A storm
sweeps across the parched land. A sudden surge of tremendous voltage, the sundering of air from air, the flashing path of light and heat.
Sky to earth, earth to sky, an unbearably brilliant river of electrons flows back
and forth in a fraction of a second. What is above roars and rumbles and builds
momentum for the next explosive dive. What is below will receive the next
transfusion of white-hot energy.
Somewhere in a forest below the vast western sky, this is the moment of death
and the moment of birth. If the tinder is dry, the oils potent and volatile, the
fuel abundant, a lightning bolt may become an agent of change. Heat becomes
light, light becomes heat, heat becomes flame, flame unravels the molecules of
a standing forest. A forest becomes a forest-on-fire.
The tempo of engagement increases exponentially. Molecules of oxygen and
the carbon-based molecules of life move from their chemical slow waltz into a
frenetic tarantella. Wind meets leaf, flame wraps stem, air heats and expands,
rolling over the contours and curves of the recumbent earth. Burning, the forest reveals itself in a new way. Its natural history—past fires, blowdowns, beetle kills, new growth and old growth, disease, disturbance, and change of all
kinds and at all scales—interacts with this fierce and fast courier. The fire
shifts, it grows or shrinks, in accord with the conditions of the moment and
the many layers of past physical and biological events.
Few natural phenomena epitomize so spectacularly as wildfire the intimate
connection between the raw elements and laws of the universe, and the complexity, adaptability, and resilience of life. Fire, where it is a dominant feature
in a natural system, is as much a part of what defines a place as the community of species that live there, the topography, and the regional climate. Fire is
also a force that defies easy mastery by humans. Fire is wild, it resists control,
it cannot be manipulated or suppressed over the long term without significant,
often unpredictable, consequences for the natural world and for people.

Crown fire, Banner Summit, Idaho, 1992. Crown fires occur when
flames reach the tops, or “crowns,” of trees and often result in
the death of most trees in their path. Fires that kill most of
a forest stand are known as “stand-replacement” fires.

Both metaphorically and ecologically, fire is a transformative process. And yet
it is in transformation that the whole is maintained. A fire-evolved natural system, whether it is a ponderosa pine forest in the Southwest, chaparral scrub in
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southern California, or a spruce-fir forest in the boreal north, is a spiral dance
of recurring themes and patterns, vibrations and frequencies, particular structures, species, chemical reactions, nutrient and energy flows, directed and disciplined by the powerful, periodic appearance of fire.

governor, closed the public lands to most recreational access. While no one
could stop the lightning strikes, government could attempt to limit the numbers and activities of people, who through carelessness or stupidity or plain
bad luck were the cause of some of the most severe fires of the year. By midAugust, instead of rambling on the trails and in the mountain meadows, I was
mostly sitting in my truck, either driving around or staking out the entry
points to key Forest Service roads.

Whether fire burns through a natural community once every 3 to 5 years on
average, as in some southwestern ponderosa pine forests, or once every 200
to 400 years, as in the lodgepole pine forests of the Yellowstone Plateau, fire
is the essential rhythm-keeper, the percussive element that sets the beat for
the movement of life.

One hot and windy afternoon, I was parked at a pullout in Paradise Valley
watching a black bank of smoke and ash roiling over the ragged, silhouetted
peaks of the Absaroka Range. The valley was wrapped in a surreal grayness,
and the sun, the ultimate source of all this unleashed, hungry energy, was
barred from view. The world had become a thick, dark, restless place, and
there was no escaping the sense that the work and will of human beings were
tiny, almost whimsical impulses in a universe moved by vast, ungraspable
forces. I sensed that year that I had been graced with a rare privilege. A prolonged and grand spectacle of that sort comes once only every few centuries.

•••
In 1988, I was a wilderness ranger on the Gallatin National Forest, part of the
Greater Yellowstone Ecosystem, in southwest Montana. It was my fourth summer of this work, and my second year on the Gallatin. My duties were simple.
I hiked the trails and did light trail maintenance; I talked to backpackers and
horse riders about “wilderness etiquette” and no-trace camping; I posted
informational placards at trailheads, and generally patrolled the backcountry
to ensure that all was well. Though I enjoyed the “visitor contact” aspect of
my work well enough, I loved my job for the freedom it allowed me to be out
in the mountains and to spend much of my time alone.

•••
Ultimately, just seven fires were responsible for 95 percent of the burned
acreage in the Yellowstone ecosystem, and of these, three were human caused.
Though I was a relative newcomer to the region in 1988, without years of
memories to place against the sudden and dramatic changes that were
wrought that summer, I can still go to particular sites in the park and recall
the place as it was, before and after. There is not the feel of strangeness as
there was the first few times I toured the park following the historic fires. But
memory, nonetheless, seems to be a process of calling up snapshots or still
images of the past, rather than moving pictures. There is the “old normal,”
and the “new normal,” and while, if we are open-minded enough, we can
allow ourselves to transition from one reality to the other, we struggle to see
the process of change itself as the norm.

Since my first wilderness summer in Olympic National Park in the Pacific
Northwest—an eager easterner dazzled by the big trees, the glaciers, the
impossibly steep and endless mountains—I’d been impelled by something
I could not fully articulate but which seemed vital and irresistible. I blazed
up the trails and often left them for the high, wide spaces of the alpine zone.
In the Wind River Range of Wyoming, I’d dashed up a forested trail during
a thunderstorm so I could watch lightning flash about the circular theater
of a rocky, treeless basin.
Ever since childhood, electrical storms excited something wordless and wondering in me, and in the Rockies in the summertime I found the perfect combination of high, dramatic mountains and frequent, intense, and cathartic
storms. From the gradual building of the alabaster cloud pillars, to the increasingly restless, searching winds, and on to fury, explosion, hail and rain, and
the release of titanic energies—it was an external elemental drama that mirrored the weather chamber of my heart. The passion of the earth was my own.

An attachment to averages and a steady-state way of being seems to run deep,
at least in the Western mind. We like to think that the rules of existence put
boundaries on events, on behavior, on the circumstances of time and chance.
Yet, while much of life is lived within the neighborhood of the mean, by definition the unlikely or the infrequent does occasionally occur. In these “crisis”
moments, we are apt to think something is unnatural and wrong. We want to
stop it as soon as we can, and make sure it never happens again. But the constancy of change is a lesson that comes to all of us repeatedly, despite our individual and collective efforts to avoid this teaching.

That second summer on the Gallatin began unremarkably. April and May were
wetter than normal according to climate records, but by June the Yellowstone
area was in a serious drought. Dry lightning sparked fires in the parched
forests, but as is typical with most years, many of these wildfires went out on
their own. What looked to be a somewhat more active fire season in mid-July
shifted only a week or so later into something big and theatrical enough to
draw national media attention. A number of dramatic days marked the last
couple of months of that historic summer, but “Black Saturday” stood out: on
August 20, more than 150,000 acres burned. Gale-force winds drove the
flames, making the efforts of hundreds of firefighters, battalions of bulldozers,
airplanes, helicopters and other machinery, and all the time-tested tactics of
seasoned fire bosses pale into complete irrelevance.

The terror of wildness is its ability to toss us on our butts despite all our planning, intelligence, technology, and even good intentions. Life will kill you; one
absolute certainty. Yet every day we resist. One could say that nearly the whole of
modern technological society is dedicated to the attempt to overcome this truth.
But we are also in love with wildness. Certainly our affection for nature can
be seen in a thousand ways on a daily basis, from our gardens, to our pets, to
the popularity of visiting national parks and engaging in various recreational
pursuits such as fishing or birdwatching. But these relatively docile expressions of our connection to the more-than-human world are not the whole of
it. The yearning for life lived closer to the edge is manifested in sports such as
mountaineering and whitewater kayaking, and in solo journeys across wild
lands and the still-untamed oceans. The thrill of terrain that is hostile to

As a Forest Service employee, my ranger duties that summer were increasingly shifted from backcountry to “frontcountry.” As the fires heated up, Forest
Service restrictions, and eventually an edict handed down from Montana’s
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human comfort or even survival is irrational, yet even the less adventurous
among our species are tantalized and moved by the sight of ragged snowdraped mountains, precipitous canyons, and boiling volcanic craters. Such
scenes stun, provoke, and hold our attention far beyond their actual relevance to our daily lives. Why?

of acres in size and expecting them to put out the flames with their shovels.
When periodically a “tragic” accident occurs, with young firefighters suddenly overrun by fire and smoke and unable to flee or take shelter, there are calls
for reform, for alternatives to this costly, dangerous, and unnecessary government program. But true change cannot come without a change of heart.

Despite our predilections for ease and security, we are also fascinated with the
kind of nature—and the experience of nature—that can overpower us. We not
only appreciate a sense of awe, we actively seek it. Among the richest, most
profound experiences that any of us as human beings may have are those in
which we feel small, vulnerable, and yet strangely at peace, in the presence of
something greater. It is the very mystery and irreducibility of that which is
before us or which surrounds us that inspires our joy and reverence. In some,
this feeling for the wild, natural world is fleeting. In others, it is a passion to
shape an entire life. This spectrum of belief and experience is perhaps no different from any other aspect of human character and behavior, like varying
degrees of proficiency in verbal expression, or athleticism. But I would argue
that there is an undeniable element in the human spirit that longs for the wild,
and in our quest for the security of the steady state in our external environment we are robbing our world of its power to awe us. We are diminishing our
own inner world. That is the spiritual tragedy, to match the shackling and
domestication of the wild earth.

The problems of fire suppression in the West—ecological, fiscal, or in terms of
the cost to safety and human health—are not traceable, ultimately, to ineffective technology, poor budgeting, or bad judgment on the part of fire bosses placing their firefighters in the field. What is wrong with fire suppression is what is
wrong with every other zealous, arrogant, and reckless approach to making the
planet over to suit narrow human interests. It is extreme, it is based on a fundamental hostility to the natural world, and its unintended, unforeseen consequences are frighteningly expensive, environmentally destructive, and probably
far worse, in the end, than the “problem” that was supposed to be solved.
But beyond even this, the dilemma of 100 years of fire suppression—and the
ongoing attempt to actively, intrusively manage millions of acres of forests
and other fire-associated ecosystems on western lands—is about the suppression of wildness. This is not so much an ecological or scientific problem as is it
a spiritual crisis. Thus it is with all battles in the war against wild nature. Not
so very different are the wars we have carried out against wolves, mountain
lions, and other predators, or the ways we’ve attempted to imprison and
enslave rivers with systems of dams, levees, and other barriers.

Wildfire, storms, and other intense, violent natural events trigger the deepest
instincts in our hearts. We are witness to something utterly foreign, without
reason or explanation, something that blatantly belies the orderliness of our
manufactured world. We are stunned into wonder.

We are left not only with new dilemmas we had not anticipated, but with a
kind of pervasive dullness. The world simplified and made safer is no longer so
interesting, nor so beautiful. If we are sensitive and curious, we notice not only
the obvious scars of human control but the subtle absences. We notice that
even after a fire, a forest silhouetted in the moonlight is a lovely and magical
place. In contrast, no matter how luminescent the sky above, a forest raked by
bulldozers and explosive lines and dotted with chain-sawed stumps will not
appear ethereal. It is, at best, a wounded landscape, awaiting the balm of time.

•••
To speak in the most bold and generalizing terms, the arc of human existence has been one of ever-greater facility at the control of nature, yet accompanied—perhaps inextricably—by ever more grandiose and lethal hubris.
The story is old, the lessons as elusive today as when Icarus fell to earth, the
wax on his wings melted by the sun, a consequence of technological overreach and unheeding overconfidence.

Fire destroys and it transforms. Metaphorically, it seems initially a process of
erasure. Yet, fire is the active memory of an ecosystem, touching what is, and
remembering, renewing, and recycling what time otherwise might have taken
away. Wildfire is as much a part of our western forests as the trees themselves.
Much the same could be said of other fire-associated natural communities.

The human impulse toward greater command over the uncertainty and limitations of life always begins with ideals and good intentions. Knowledge.
Safety. Prosperity. With regard to the history of fire suppression in the West,
the ostensible reasons for fighting fire are obvious, with antecedents as old
as humanity itself: protection of home and family, and safeguarding of an
economic resource.

Thus it comes down to this: If what we wish for are wild forests, with all that
implies in terms of diversity, beauty, and self-regulation, we will not attempt
to control that which defines the essence of their wildness. And if we think we
can have all the loveliness, magic, and awe-inspiring power of our natural
landscapes—their spiritual aspects, in short—while at the same time dictating energy flow and the basic dynamics of change upon them through our
rapacity or our management, or both—we are arrogant fools.

Yet, if this were all that motivated the attempt to quell wildfire, there would
not be an entire army of firefighters dispatched every summer to put out fires
in remote, unpopulated locations on public lands, and in places where the cost
of suppressing fire far exceeds any economic value that might be lost if fires
were allowed to burn. When every year hundreds of firefighters are transported to the edge of active fires, rather than evacuating the few people that might
be in harm’s way, the logic of preserving human health and safety begins to
crumble. Throughout the West, modest investments in proactively preparing
fire-prone communities, such as clearing limited areas around the perimeters
of towns, or requiring homeowners to put metal roofs on their houses, are
nearly always far more effective defenses against human casualties and property loss than dumping firefighters into the middle of conflagrations thousands

The attempt to end wildfire, or even to merely tame it, is misguided on ecological grounds. But beyond this error is another one, harder to recognize, but no
less tragic in its implications for our human future. Kill what is wild in the
world, and we kill what is wild in us. What is wild in us is hard to name,
because as with all wild things, it is elusive. Yet, to say it is our genius, our
spark, our wonder, and our capacity for ecstasy is to come close. It is our longing for connection. Some would call it our soul.
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FIRE AND NATIVE PEOPLES
A Natural or Humanized Landscape?
Thomas R. Vale, Ph.D.

The once-popular vision of the pre-European United States as “pristine,” as a natural landscape,
has been largely replaced by the view that the precontact country was “humanized” by native peoples.
While having merit, the contemporary emphasis on ubiquitous human agency is overstated:
large parts of the United States, particularly in the American West, may have been essentially natural,
their landscapes characterized by processes of nature rather than people.

A

Thomas R. Vale has spent more than 30 years in the Department of
Geography at the University of Wisconsin, Madison, where he has written
about and offered courses in biogeography (especially vegetation dynamics),
natural resources (notably nature protection), landscape change, and the
American West. He has published more than three dozen professional articles
and eight books, including Fire, Native Peoples, and the Natural Landscape.

human society hewed from a state of nature, from a wild landscape,
from a wilderness—for two centuries, this vision had been central to
the creation myth of the United States. Increasingly over the last
decades, however, this image has been challenged, even rejected, and
replaced by the conviction that the pre-European landscape of the country
was modified by Native Americans.1 Tilling rows of maize and squash, raising houses of mud bricks or tree bark, constructing mounds and terraces,
harvesting wild rice and acorns, hunting deer and rabbits, digging fern roots
for fiber or cutting shrub stems for arrow shafts, igniting fires over prairie,
chaparral, and forest — all of these activities are seen as having altered
nature, creating a humanized landscape. The old vision of the great
American wilderness has been declared a falsehood, and to the degree that
we continue to believe in such an ideal, we are told that we embrace a myth,
the “myth of the pristine landscape.” 2

Certainly, the older wilderness imagery needed qualification—Native Americans did affect biodiversity at the local scale and, in some areas, probably
modified ecosystems at the regional scale. But to portray the continent at the
time of European contact, from the Atlantic to the Pacific and from the Great
Lakes to the Rio Grande, as a vast scene of agricultural fields, expansive villages, raised terraces, carefully tended plants, coppiced shrubs, depressed
game numbers, and burned-over forest—in total, a landscape so altered
that its characteristics were a consequence more of human agency than of
natural process—is to engage in blanket imagery of another sort. Lest we be
labeled antiquarian for holding onto an idée fixe, perhaps we desert our
former convictions too unequivocally in our rush to embrace this “idée
nouveau.” We have simply replaced the old myth with a new one: the “myth
of the humanized landscape.”
The replacement of one landscape vision by another is eased by the ambiguity
of the critical, defining words.3 For example, pristine could mean no human
effect or simply little human impact. It might generate a mental image of a
landscape without any humans in view, or one with people but whose presence
modifies the scene only minimally. It could stress either ecological criteria—
have humans changed the characteristics of nature? — or psychological/
humanistic standards—does the landscape mean anything, regardless of the

Lightning is the dominant ignition source
for wildfires throughout the United States.
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degree to which people have modified natural features, to those who interact
with it? It could connote an objectified and distanced natural scene or a landscape of home. Endless debate reverberates among those with differing meanings in mind. Whatever the intellectual virtues of that debate, a common
and casual definition will be pursued here: a “state of nature,” a “pristine
landscape,” a “wilderness condition” means, simply, that the fundamental
characteristics of vegetation, wildlife, landform, soil, hydrology, and climate
are those of natural, nonhuman processes, and that these conditions would
exist whether or not humans are present. Given this criterion, a landscape
might be judged, through empirical and scientific effort, to be, in whole or
in part, pristine or humanized.

These Yosemite landscapes [were] shaped by centuries of Indian burning, pruning, sowing, weeding, coppicing, tillage, and selective harvesting. . . . Not only the Yosemite trails [John Muir] walked upon but
the vegetation mosaic he walked through were the legacy of Miwok
subsistence ecology.6
Native Americans themselves espouse the dogma; after describing former
Indian villages in Yosemite Valley, a modern Miwok proclaims his people’s
devotion to “care of the land . . . the so-called wilderness was being looked
after by the Indians for thousands of years.” 7
These assertions of widespread humanization are questionable. First, they
focus on the small valley called Yosemite, rather than the expansive mountainous landscape that surrounds it. The 1,813 hectares comprising Yosemite
Valley—one of the few areas in the park where Indians occupied permanent
settlements — are not characteristic of most of the 303,305 hectares of
Yosemite National Park, through which Indians passed as transients or entered
only seasonally; even if Indian activities “transformed” the valley, it is not
necessarily the case that such transformation occurred elsewhere.

Assessments to understand where, how, and to what degree the preEuropean landscape was a product of people and their activities need to be
undertaken, unencumbered by commitment to a notion of the ubiquity of
human agency. For some areas, this empirical assessment will be easier than
for others; for many places, serious ambiguities will remain. I would guess,
nonetheless, that the evidence will suggest that the model of the pristine
landscape will have applicability in certain locales—most likely (although
not exclusively) in the western states, where, compared with the eastern
parts of the country, smaller numbers of nonagricultural peoples inhabited
landscapes more prone to lightning fires. More specifically (although not
restrictively), I might further predict that the American wilderness will
remain most appropriate as a vision in those very areas long admired for
their perceived character as “natural,” the units of the national park system
and the wilderness areas on the national forests—disproportionately represented by landscapes of high elevation, of mountain and ice, of rock and
canyon, of low biological productivity, of flammable vegetation, of only seasonal human occupancy. Whether they actually represent pristine conditions
and whether landscapes of other characteristics truly were humanized are
matters to be evaluated with scientific assessment.

Second, the mere acts of “pruning” a bigleaf maple (Acer macrophyllum) “so
that it will produce straight, sienna-hued sprouts” or digging “rhizomes of
a bracken fern” 8 do not necessarily mean that Yosemite Valley’s fundamental ecological character or basic landscape appearance was altered from
what would have existed in the absence of these subsistence people. On
the other hand, a definition of wilderness that precludes any human imprint
whatsoever, however modest, would render Yosemite Valley as humanized
by these activities.
A third observation involves the reference to a human activity that is always
the crucial cog in the humanized landscape argument—Indian burning.
Clearly, the Miwok set fires in Yosemite Valley. To note this, however, is not
sufficient to support the claim that such burning altered the fundamental
character of the landscape, either in the valley or in the park more generally. A more accurate assessment should ask whether the human ignitions
were in addition to, rather than a substitution for, natural ignitions, and
whether fires set by Indians changed the landscape from that which otherwise would have existed.

Ecological Understanding: A Natural Yosemite?
A place to explore the applicability of the dichotomous views of “pristine” and
“humanized” landscapes is one of the icons of protected nature, Yosemite
National Park. My purpose here is not to make a full assessment of Yosemite,
declaring it to be natural; rather, it is to suggest, judging from existent knowledge, that the Yosemite landscape at the time of European contact could well
have been mostly pristine, mostly a product of natural, rather than human,
processes, or, at the very least, that its landscape was a mixture of pristine and
humanized conditions.

For Yosemite, even a cursory look at appropriate ecological data suggests that
the pre-European fire regime in the national park might be mostly attributable
to natural factors. Almost two-thirds (61.2 percent) of the park area—the
higher-elevation red fir (Abies magnifica) and lodgepole pine (Pinus contorta)
forests, and all of the subalpine and alpine environments—burned rarely, if at
all, in spite of fairly common lightning ignitions;9 this absence of fire suggests
that the condition of the vegetation—a natural factor—determined the fire
regime, not the number or the source of ignitions. The lower-elevation chaparral and mixed-conifer forest (totaling 37.8 percent of the park area) burned
frequently, with return times of a decade or two documented for these vegetation types both in Yosemite and elsewhere in the Sierra Nevada.10 Over the
last 2,000 years, in the southern Sierra, tree-ring analysis indicates temporal
variability in these fire frequencies, with burning closely tracking weather
conditions—an indication that natural factors, not humans, determined fire
occurrence.11 Over the last century, in Yosemite National Park, the formal
record of lightning fires suggests that natural ignitions might account for the

The contrary perspective, the belief that Yosemite of either 1492 or 1851 (the
year of its formal discovery by outsiders) was a humanized landscape, has
become the conventional wisdom. Landscape scholar Kenneth Olwig, for
example, talks of the “environmental stewardship” of “Indian gamekeepers”
who regularly burned Yosemite Valley not only to improve habitat for certain mammals, but also for “field games.” 4 (Olwig, then, makes Yosemite
analogous to Three Rivers Stadium or Lambeau Field!) Similarly, cultural
historian Rebecca Solnit describes the landscape of Yosemite Valley as “transformed” by the native Miwok people, who both “burned the meadows” and
“gathered its largesse . . . there never was a wholly ‘natural’ landscape
there.” 5 Perhaps ethnoecologist N. Kat Anderson and ethnobotanist Gary
Nabhan express the most strident view:
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fire regime: For the period 1930–1983, in the lower-elevation vegetation types
of the park, fires averaged 187 per decade (as mentioned above, 10 years is
the approximate return time for fires in these types); actual fires might have
been more numerous, moreover, because of less sophisticated detection methods in the 1930s and 1940s.12 Lightning fires in the national forests adjacent
to Yosemite’s western boundary (the forests include the same vegetation types
that occur in the park, although the proportion of low-elevation forest and
brush is larger) add to the total number of ignitions that might have burned
park land in the absence of fire suppression: 475 per decade for the Stanislaus
National Forest and 977 per decade for the Sierra National Forest.13 Even
without fire suppression, not all of these ignitions would have resulted in large
areas of burned landscape, with previously burned vegetation a critical constraint to the spread of fires,14 a fact that again hints that natural factors determined the basic fire regime. Overall, then, the number of ignitions from
lightning was high; whether ignitions caused by Native Americans altered the
natural fire regime in Yosemite in a way that changed the fundamental appearance of the landscape, either regionally or locally, is a question.

Away from these village sites, occupancy was ephemeral. Archaeological surveys have found artifacts—typically projectile points, other rock tools, and
features associated with seed grinding—in many locales elsewhere in the park.
Archaeologist James Bennyhoff in his classic survey of the archaeological
resources of Yosemite, identified former Indian camp sites, occupied only temporarily and seasonally, by the presence of obsidian flakes on the ground surface and the lack of numerous mortar holes (which for him suggested a house
or village); he documented 188 such “camp” sites in the park, mostly in the
higher elevations.19 The total area represented by all of these 188 sites was
less than 260 hectares, compared with about 187,800 hectares of high-elevation terrain in the park; these Indian camp sites may be comparable to the
area used by campers in the Yosemite backcountry today. Moreover, the environmental alteration of most of these camping locations was modest: Twothirds of these sites necessitated a “lengthy search . . . to obtain any sizeable
sample of obsidian flakes,” indicating to Bennyhoff a “small camp” used infrequently. In sum, humanized settlements, whether villages or camp sites—
however important from an archaeological perspective, however effective in
evoking a sense of the Miwok past—were obviously extremely localized.

Still, it may be possible that small areas were burned more frequently by the
Miwok, resulting in local humanized landscapes; Yosemite and Hetch Hetchy
valleys would have been the most likely such locales. Perhaps the valley bottom meadows and the surrounding forests, close to permanent settlements,
burned more frequently as a consequence of Indian ignitions than did the
regional vegetation; such a pattern of increased burning close to Indian villages would be consistent with at least some interpretations elsewhere.15 As in
other matters of Indian impacts, empirical work could help resolve the question of the spatial patterns of naturalness in the landscape.

In total, the map of Yosemite National Park reflects a mixed picture of “pristine” and “humanized” landscapes. Village sites were substantially humanized by the everyday life of Indians; groves of oaks or stands of bracken fern
may have been modified in form or extent, for variable lengths of time, by
native peoples; some areas of low-elevation meadows and forests could have
been altered by Miwok burning, although lightning fires seem adequate to
account for the pre-European fire regime; the middle and higher elevations,
by contrast, were changed only superficially by Indian peoples. Even given the
most generous interpretation of what was “humanized,” much of the park was
“natural”—in the sense that its landscape characteristics were determined by
natural processes. With a more conservative interpretation of “humanized,”
most of Yosemite was natural, was wilderness.

Other Miwok activities may or may not have altered the basic character of the
Yosemite landscape. The agricultural plots and constructed earthworks that
characterized the native cultures in the midwestern prairies and some of the
eastern forests of the United States were not elements of the indigenous people
of Yosemite. Their dependence on the acorns of the oaks, especially those of
California black oak (Quercus kelloggii), is indisputable, although even if the
Miwok planted and tended the oak groves, it was an activity restricted to a
modest part of Yosemite Valley and perhaps a few other locales elsewhere.
Local modifications to the forms of some shrubs or the occurrences of certain
herbaceous species would similarly seem most likely near villages. The Miwok
hunted deer and other mammals, but whether such harvesting changed the
long-term numbers of animals or whether those altered populations in turn
influenced the vegetation cover would be speculation.

Overall, then, the model of primeval nature—a nature molded by nonhuman
forces —seems realistic for at least part, and perhaps much, of Yosemite
National Park. In other landscapes, it may or may not be applicable. The landscapes of villages and agricultural fields in parts of the East and Southwest
clearly were humanized—the characteristics of such areas were substantially
modified from what would have existed in the absence of humans.20 So too,
for the tallgrass prairie and savannah of the Upper Midwest, where the frequent burning essential to the maintenance of those systems seems to have
required Indian ignitions.21 The pine forests of the Southeast, where lightning
fires are more common than in the Northeast, present a more ambiguous situation—might the pre-European fire regime have been controlled by natural
processes, or was it partly influenced by Indian burning? Other parts of the
eastern forests may have been changed from what would have existed in the
absence of Native Americans,22 but the impacts of indigenous peoples “were
still localized. . . . [with large areas] almost devoid of Indian activity.” 23 The
grasslands on the Great Plains existed even before the arrival of humans on
the continent,24 indicating that the basic ecosystem structure of that large area
was not a consequence of Native American activity. Within the nonagricultural, sparsely settled forests of the West, the fire regimes—whether very infrequent crown fires or more common ground fires25 —easily might have been a
consequence of natural, rather than human, processes. The same seems likely
for the West’s vast shrubby vegetation types. The general point, then, is that
the pre-European landscape of the United States was not monolithically

An unequivocal alteration of the park landscape associated with native
peoples was the building of settlement structures. Certainly, some villages
were impressively substantial—bark-covered shelters in winter; cone-shaped
brush shelters in summer; “large, semi-subterranean dance or assembly
houses, forty to fifty feet in diameter, dug to a depth of three or four feet”;
circular sweathouses; granaries for acorn storage; and small conical grinding
houses.16 Such settlements were, nevertheless, restricted to a few locales in
the lower-elevation environments of the park, particularly parts of Yosemite
and Hetch Hetchy valleys, Wawona, Big Meadow, and Lake Eleanor.17 Even
within Yosemite Valley, village sites seem to have been highly localized; the
largest was “below Yosemite Falls and stretched southwest for three-fourths
of a mile”; other settlements lay just to the east, “in the largest tract of open,
level ground . . . at the mouth of Indian Canyon.” 18
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humanized, not “a managed landscape, much of its look and ecology the product of the human presence,” 26 but, rather, a patchwork, a mosaic, at varying
scales, of pristine and humanized conditions. A natural American wilderness,
an environment fundamentally molded by nature, did exist. Just where and
how much is an ecological question, subject to empirical investigation.

Ranger-naturalist Will Neeley reflects that “the mountains have become familiar and have revealed pattern and form . . . never before have I felt so at ease
with them. . . . I was intoxicated with [them].” 34 His fellow naturalist Carl
Sharsmith developed “a love of nature so cultivated, so refined, so carved by
wind and shined by dew that it has become a treasure.” 35 Yosemite artist
Steven Lyman “knew the value of time in a place . . . to be comfortable in the
adversity of the elements, which he saw as natural processes to experience and
embrace.” 36 Concessionaire worker Howard Weamer “wondered last night,
watching the ridge go black and white in the dusk, whether I had seen it too
often . . . [but] it’s still very exciting, just familiar.” 37 Long-time Yosemite
author Shirley Sargent, thinking back to her childhood, formed a multisensed
image of a distant landscape of affection: “It was felt in the cool July breeze,
seen in the expansive, river-cut meadows . . . heard in the sound of rushing
water, bird-cry and wind . . . scented in the pine-needled image of the Sierra.” 38

Social Ideology: Rationale for the Humanized Landscape
The desire to see a humanized landscape in the pre-European scene, whether
in Yosemite or elsewhere, may be prompted by commitment to a certain social
ideology. Several concerns manifest that commitment. First, to envision the
impacts of Native Americans as ubiquitous and fundamental is to grant them
their basic humanity, to make them one with other people, particularly those
who have transformed the country’s landscapes over the last 200 years.27
Second, to see indigenous Americans as modifiers of the landscape of 1492 also
incorporates them into history, recognizing their presence and completing the
view of the past.28 Third, this historical inclusion legitimizes the native peoples’
claims, both legal and emotional, to the land.29 Fourth, the assertion that preEuropean people humanized the landscape reinforces the argument favoring
active ecosystem manipulation and undermines “natural regulation.” 30

Summer visitors from a variety of non-Indian cultures similarly express the
warmth that comes from knowing the Yosemite landscape; a volunteer laborer
“having been enriched by Yosemite many years . . . [found] it was a pleasure
‘to give something back,’” 39 and a journal writer found herself “reminiscing
about the mountain terrain that our group has moved through—and that has
moved through me.” 40 Can John Muir’s knowledge of, and bonding to, the
Yosemite landscape be ignored? Or David Brower’s? 41 Might I include my own
familiarity with and love of this special place? 42 The failure to recognize such
reactions stigmatizes contemporary people, leaving the wilderness landscape
forever removed from intimate human knowledge and warmth, leaving the
wilderness visitor forever “a person who does not belong, a stranger in
Paradise.” 43 Such omission creates a stereotype no more valid than that of the
uncaring savage: For at least some, perhaps many, Americans, even those lacking an Indian heritage, wilderness is a part of home.

A fifth intellectual stance asserts that Native Americans — whether preEuropean or contemporary—and nonnatives view the wild landscape in distinctive ways. These differing perspectives are sometimes characterized as
polar opposites, contrasting through the seeing of a detached, objective wilderness—a landscape of recreation—and through the viewing of personal, subjective home—a landscape of everyday living. Such a polarity frames many
modern issues involving people and nature: the absence of “land wisdom”
among those in modern society and the “stewardship” among indigenous peoples;31 the seeing of nature only in wilderness, which remains distant and
apart, and the ignoring of nature in the familiar and everyday;32 the culturally learned aesthetic reaction to place—associated with the visual sense, public
symbolism, and scenes that command human attention—and the personally
experienced “field of care” reaction to place—linked to various senses, private
familiarity, and settings that evoke individual affection.33

A Middle Ground
The pre-European landscape of North America was both pristine and humanized, varying through space and time, varying in degrees of conformity to the
extreme conditions of the purely naturalistic and the purely anthropogenic.
Similarly, the present-day wilderness is both a landscape for “the stranger in
Paradise” and a home place, a “field of care.” It is oversimplification to treat
the two dichotomies of pristine/humanized and stranger/homebody as if they
were categorically exclusive, as if we were choosing up sides for a game of
kickball. Decisions about the management of our natural areas should involve
a thoroughness of context that recognizes the ecological models of both the
pristine and humanized landscapes, and attempts to disentangle the applicability of each through ecological assessment—as well as the humanistic
reactions—in all of their varied richness, whether in the past or the present—
to wildness, to naturalness. We need more than blind and unthinking allegiances to ecological myth or social ideology.

Modern Wilderness: A Landscape for Recreation or as Home?
For some observers, the concerns stemming from social ideology so dominate
the interpretation of contemporary wilderness that any enthusiasm for the
pristine or the natural suggests superficiality, relegating that enthusiasm to
the impulse for recreation rather than for everyday living. But such characterization belittles the diversity of the modern experience. The contemporary visitors to Yosemite, for example, include those for whom the wild landscape,
through all the senses, is intimately known and emotively valued. Examples
from written sources, even in just the last few years, abound.

Yosemite Valley, Yosemite National Park, California.
Native American burns in this valley maintained the
meadows and created widely spaced forest stands.
Current park management is re-creating similar
landscapes through the use of prescribed burns.
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COYOTE WILDFIRE
Evolving Firefighters into Fire Guiders
Joe Fox, Ph.D.

Why do many firefighters knowingly participate in work that may be destructive to the wildlands they
love? Perhaps they are similar in effect and spirit to earlier explorers who naively tamed the
wilderness. Although dispatched to domesticate wildfire, many wildland firefighters hope for the day
they can turn the work that they love toward restoring natural fire in the places they revere.

C

Joe Fox was a wildland firefighter for 23 years, including 19 years as a
smokejumper. As an aerial initial attack specialist skilled at suppressing
emerging wildfires in rugged terrain, he experienced wildfires in western
states, including Alaska. Joe received a Ph.D. in forest entomology from the
University of California, Berkeley, where he was a Regents Fellow while
researching symbiosis among insects and plant pathogens in deteriorating
environments. He also holds a J.D. degree from the College of Law, University
of Idaho.

resting a battered ridgeline we plunge into shambled canyons of Salmon River country during late August of the last century. We follow
the wispy trails of smoke from the spur ridge. Faces pressed against the
small windows of our ancient DC-3, we peer down onto this fire. Each
smokejumper calculates a thousand elements of logistics and the tactics
of attack, escape, vanquish, and return home. Lazily circling this fire—
our prey—the airplane’s broad buzzard wings fan the sky above while its
shadow bumps the rocks and trees of the gnarled terrain below. For a
while we didn’t believe we would find this little “two-manner” fire, but as
we got closer, we could see it stirring in its refuge. If left alone, this fire
could become a destructive dragon, possibly reaching cataclysmic proportions. Presently, it is a hatchling—a pathetic little fire absurdly and
optimistically gnawing on the base of a big ponderosa pine, scavenging
abundant downfall, and gobbling up the too-slowly rotting duff. We have
successfully hunted this fire. Now we are going to kill it.
Our airplane pitches and yaws, batted by thunder cells and the
plural effects of unstable air flowing over mountain country. A cacophony of engine roar and howling torrent of air claws through the gape of
our large open door. We descend to take a low pass 100 feet above treetop to stare this fire in the eye, to get its mark, to measure its ferocity
and potential. The spotter juts his head out into the slipstream. The first
jumper stands above him, at the threshold. One unmatched g-force, one
erratic buffet, and either could careen out of the door. Their parachutes
would not open in time.

I think of those unresolved questions that entangle us in justifications for our
perilous work. We jumpers have endless conversations about the work we do
during the long nights of watching a vast, dying wildfire hiss and spark into a
hundred thousand twinkling embers that reflect the inscrutable starry night.
We recognize two elements of a blunt syllogism that challenges the work we
do; yet we can’t seem to muscle out the consequences that should direct our
destiny. First, we acknowledge that we cherish the wildlands and love the work
we do. Second, we recognize that, as initial attack specialists, we are the tip of
the spear for fire suppression policy. When we indiscriminately suppress fires,
we destroy the positive effects of fire regimes that promote a low fuel load in
wildlands. We destroy those beneficial fires that merely prune the branches of
large trees and kill the overcrowded competing brush and small trees. The

Smokejumper threads through the trees in Idaho. The introduction
of smokejumping in 1940, along with the greater availability of
aircraft after World War II, increased the ability of the U.S. Forest
Service to suppress wildfires.
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cumulative effects of our successful work may be contributing to unnatural
catastrophic wildfires that threaten to vaporize our beloved forests.

recognizes that the constant and intense danger of the work requires sustained
bravery matched by few other jobs. Then there is the camaraderie. Strong and
deep friendships are natural outcomes of the exigencies and hardships. And
there is the money. A wildland firefighter can sometimes make over $20,000 in
a four-month season. (Ironically, this is also about the cost of two and a half
fire retardant drops, or eight hours of helicopter flight time.) And finally, there
is the idealism—the sense that we enter the wilderness with a selfless, communal purpose. To many firefighters this is the driving motivation above all else.
To go to these wild places and see these sights makes the heart soar and the
mind forever grateful. Yearning souls behold the sacred.

Ergo, should we abandon the work we love because that work helps to destroy
the places we love? Instead we ask introspective questions that avoid contemplation of duty and consequences. What draws us to this sort of job in this sort
of place? What sort of people are we wildland firefighters?
Our antediluvian DC-3, stalwart mule of World War II, pulls up and
ascends. G-forces drain every sense of strength from our bodies and make
our heavy padded protective jump gear seem like tight swaddling
clothes. The spotter barks observations to the pilot through the microphone in his helmet. He and the first jumper shout above the roar of wind
and engine. They make decisions about fire suppression tactics, the jump
spot, how many will jump, and where the smokejumpers will hike out
after the fire is dead. The spotter jerks up four fingers, catching the fixed
gaze of the anticipating smokejumpers. A four-manner. I am number
three on the jump list, so I will be leaping this fire.
The spotter drops to his hands and knees and with his head out of
the open door aligns the pilot to fly over the jump spot. He drops several
drift streamers—each 20 feet of brightly colored crepe paper weighted
with a few ounces of sand. By measuring the drift from where the streamers were dropped to where they land, the spotter judges how far to carry
the jumpers into the wind past the jump spot before signaling them to
jump. I look hard at the jump spot as we pass over it. It’s the best clearing nearest the fire. Yet it is filled with huge boulders and scattered logs,
and is punctuated by broken dead trees that marshal an angry fortress
defiant against our aerial invasion. Hefty snags and tall, brittle-looking
trees surround the clearing. Brutal. Because the thunder cells are so
close, the airplane is bucking like a horse with a burr under its saddle. I
pull on my fireproof Nomex gloves, snap my personal gear bag onto my
body harness so that it tethers at my thighs, squeeze on my crash helmet, and close its steel mesh visor. I hook my static line, the tether that
jerks open the parachute as we jump, to the overhead cable. Then I
slouch toward the open door.

The airplane crabs and rolls, then straightens for the final run. The first
jumper stands poised in the three-by-five-foot open door. Tense and
ready, he is like a sprinter in the blocks. Behind him, his jump partner
tries to hold his position amid the turmoil of the lunging airplane. The
spotter pulls in his head, removes his hand from the first jumper’s left
foot, pauses a couple of seconds, then slaps the jumper on the back of the
thigh. Out leaps the first jumper. His vault explodes through the obliterating slipstream. The shearing static line answers with an immediate
crack. The second jumper follows within three seconds. The spotter
shoots his head out again to gauge their descent and progress. The assistant spotter heaves in the parachute deployment bags, like a fisherman
pulling up a heavy net. I wait for the signal from the spotter, then place
my foot at the threshold and watch the prior jumpers desperately try to
get into the jump spot as the airplane hooks around and levels out. On
the next pass my partner and I will hurtle out the door through the violent pressure seal of the slipstream into a searing bright sky and fall to a
jagged earth below.
What sort of people are we wildland firefighters? We find no escape from the
consequences of our work. Every remote biome we enter suffers the impact of
our fire suppression. We tangle with the ethical dilemmas in the rooty kinnikinnick thickets of Idaho and Montana. We ponder their ramifications in the
smoldering peat bogs of the Alaskan tundra. We wrestle with them again in
the thorny, flinty terrain of Utah pinyon-juniper-sagebrush territory.
Perhaps we are the wanderers of Moby Dick: when we feel that “cold
November” in our souls, we must take to the air and hunt fires, like hunting
mammoth whales, to refrain from knocking the hats off of every stranger we
meet on the street. Sometimes I think our work may fit the phylogeny of
Frederick Jackson Turner’s The Frontier in American History. Turner suggested that the frontier served as an outlet for those malcontents who could not
suffer the restraints of civilization, and mapped out a sort of Heisenberguncertainty-principle irony: to experience the untamed lands one has to touch
them; when touched they change, so one cannot experience again the unadulterated phenomenon. Reflecting this irony, perhaps we wildland firefighters
also generate that from which we seek to escape. Many thoughtful wildland
firefighters loathe the stultifying aspects of civilization, and to flee its goading
miseries we must plunge into the purity of the wilderness. But our fire suppression transforms the wilderness into the managed landscapes we love less
and makes it more readily accessible to other tribulations of civilization.

We are reminded of the forces that draw us into this work every time the chaotic sirens wail, triggering our automatic rush to put on gear and go whooping
to board the thundering airplane. Our work propels us across the threshold
that rifts civilization from the wildlands. Jaunting deep into the wilderness,
we easily forget the equivocal nature of our mission and the decisiveness of
our dispatch. Journeying to this fire, we bounced along craggy Rocky Mountain peaks until we reached the deep gorges of the Salmon River. There we
saw the rumpled landscape of timeless rocks and steep slopes piled into a
blood-red horizon. En route to other fires in Oregon and Washington we have
seen distant majestic forests mantling stunning volcanoes that cleave azure
skies. Sometimes we see elk herds undulate directly below. In Alaska we have
seen the endless oxbows of the Yukon River braiding the soft verdant carpet of
tundra and myriads of conical spruce trees scattered below. Occasionally we
see wolves so absorbed in their hunt that they seem oblivious to the blare of
low-flying aircraft. In Utah, New Mexico, and Colorado we see wind-eroded
red rock, forests covering the flat mesas above, the tawny desert yawning out
below—all beneath a universe of omnipotent sky.

The plane wobbles, bounces, and then powers up to prevent stalling.
“Get ready, get set!” shouts the spotter. His slap on the back of my thigh
triggers my bolt out through the concussion of the slipstream. I hold a
tight position—knees slightly bent, feet down, chin on chest, hands on

There are four reasons why wildland firefighters are drawn to this job, although
each may prioritize the motives differently. One is the hero status. The public
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reserve —all while wind, speed, and gravity tear at me. “Four, five . . .”
As I count, the parachute opens like a rifle shot, jerking me upward. I
look up into the billowing material to find the reassurance of a proper
opening—that no great rifts have formed, no material has ripped away.
Pulling the toggles to steer my parachute, I turn the chute around
and view my jump partner behind me. He is twisted. His shroud lines,
stretching from his body harness to his canopy, have coiled into a tight
cable. Instead of an ice cream cone, he silhouettes as a mushroom.
Because he cannot steer, it is not a good situation. I toggle and steer my
parachute to test the wind drift. I am not drifting down as quickly as I
should be. I am in an updraft—an inevitable part of thunder cells. The
two jumpers who leapt before us have overrun the jump spot. One chute
is high in a tree; the other is scattered in broken snags near the ground.
I face into the wind and hold. My jump partner untwists and does the
same. As we approach the edge of the jump spot, we hit a severe downdraft—another inevitable part of thunder cells. The jump spot becomes
an impossibility as we sink so rapidly. Despite desperate attempts at
steering, we are pretty much just aerial plankton. To hit the ground
descending at this rate risks serious injury.
The trees that await my landing are a mixed blessing. They could
cushion my fall. However, they present an extreme danger: a collision
with a tall tree could collapse the parachute and cause me to free-fall to
the ground. Branches and needles suddenly envelope me. I hear limbs
snapping and tearing my parachute. I’m jerked one way and then the
other. Debris hails down on me and a good-three-inch-diameter branch
slaps the top of my helmet. I shout out to let my jump partner know my
location. He hoots in response. We’re both treed-up.
I clear loose branches and shroud lines away from me and reach
into my right pant-leg pocket to pull out 10 feet of the 120-foot letdown
line. I thread it under my leg, through the friction links sewn on my protective jumper pants, and then to the parachute risers that connect the
shroud lines to my body harness. Opening my quick-release fasteners
frees me of the parachute, and I rappel down the letdown line 70 feet to
the ground. I hustle out of my jump gear, grab my personal gear bag,
and sprint to the jump spot.
Here the DC-3 strafes in, 100 feet above the treetops, and kicks cargo. The quick-deployment cargo chutes immediately snap open. The
rectangular cardboard cargo boxes that hold our tools, food, water, and
sleeping bags resemble floating coffins as they descend, but to us they
look like Christmas presents drifting under billows of colorful ribbons
and bows. Most of the cargo boxes hit the ground, but a couple of the
five-gallon water boxes hang up in trees that surround the jump spot.

loss as to what to think or do and remain untroubled when protocol contradicts itself, because they often fail to see the inconsistency. Given a few years
on the job, however, many good soldiers become cynical about management’s
motives, decisions, and intelligence. They, as do many of the thrill riders, slip
over into the group I call the “wilderness wanderers.”
The ethos of the wilderness wanderers is wrapped up in their relationship with
unbounded wilds. Perhaps they need permission to encroach there, or need a
mission to rationalize their intrusion into aboriginal country. Wilderness wanderers have spent many meditative hours gazing down at pristine wildlands
from low-flying aircraft. To their secular spirituality the rough-hewn mountain peaks rising above piles of imperfect forests, the gnarled snags perching
hawks and eagles, and the relentless underbrush are mystic temples embodying the sacred. As they grow older, wilderness wanderers begin to hate the savage gapes of roads that forever scar the mountainsides. Many wildland
firefighters become at some level wilderness wanderers, tethered to the life of
entering sacred landscapes with a shared purpose.
At the jump spot, we quickly cut open the cargo boxes and grab food,
water, and pulaskis, the favored hand tool of wildland firefighters, as it
combines an ax with a grubbing hoe. Then we head to the fire. The first
jumper is the fire boss for this incident. He radios the spotter in the airplane, relates our size-up of the fire, and determines the amount of people or supplies needed. We first go after places that appear to have the
most potential for spreading fire. Using a chain saw or the ax end of
the pulaski, we cut away ladder fuels that could route fire to the forest
canopy—brush and small trees and the lower branches of larger trees.
We cool down hot and sparking piles of burning downfall with showers
of dirt. Then we use the grub end of the pulaski to dig out the fire line.
We clear away organic debris and surround the fire with a shallow, onefoot-wide trench dug down to mineral soil. This is nearly the toughest
part of firefighting, surpassed only by the packout with our 120 pounds
of jump gear, cargo, and tools.
If we are not too exhausted by rooty soil, deep duff, or losing the fire
to the heat of the day, wind, and low humidity, we sometimes discuss
academic concepts while we work. Topics we don’t have time for in graduate school. Yet these issues seem to mingle in the empyreal vapor
released by wildfires.
Here is the irony. We wilderness wanderers imagine we can escape the deadening travails of civilization by leaping into wildlands. Yet we irrevocably
trammel the wilderness through our suppression activities. And we know this.
Fire suppression alters wildlands and begins to convert them into the insufferable managed landscapes we seek to evade. Why do we persist?

What sort of people are we wildland firefighters? Some are compulsive adrenaline junkies I call “thrill riders.” To the thrill riders everything about wildland firefighting is exciting. The next fire is the steeper ski run, the swifter
rapids, the harder rock climb. Those that remain thrill riders throughout their
wildfire careers seldom have any interest in exploring the consequences of their
work. They fail to ponder the rightness of what they do, or whether they should
be doing it. They just don’t care about such things, so they remain guiltless.

Firefighters who recognize this irony but won’t reconcile it may be similar to
introspective, maturing hunters who are on the verge of giving up hunting.
Such hunters may be finding it harder to rationalize what they do, but they
are not yet able to give up the adrenaline rush, the personal challenge of
endurance and skill, the moment of fatal decision, and, for some, the final
conversation with their prey, in which they ask permission to take its life.

Other wildland firefighters I call “good soldiers.” They are similar in makeup
to policemen, urban firefighters, and military servicemen. “Good soldiers” are
proud to be protectors of the public’s wildlands. They assume that wildland
fire management policy is ideal, and that their leaders always know exactly
what should be done. Duty dictates adherence to protocol. They are rarely at a

At our wildfire as evening approaches, we break out our fusees, handheld flares designed to quickly ignite dry plant material, and burn out
vegetated areas to complete our fire line with a circle of black, burnt
ashes, almost doubling the size of the original fire. Once the fire line is
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secure, we converge on our camp to set up our rain shelters and cook
some grub. The sun slides under the mountain’s shoulder and brings on
the hour of the pearl. As is often the case, our camp occupies the only
semiflat places on these burning slopes and is as messy as a teenager’s
bedroom, strewn with cans of food, cargo, and tools. After we eat, we
are very, very happy. We joke, discuss, and then return to the fire line to
patrol, mop up, and look for hotspots.
As the night deepens into the witching hour, the smoke wanes, and
the fire begins to die. Mountain breezes shift, bringing a cold shudder
to us. The fire struggles in short, shallow, swirling breaths. We walk
through the fire’s domain and pile logs to build huge bonfires that consume the scattered, smoldering fuel. For a few brief hours the fire revives
in the disjunct intensity of a score of these glinting bonfires. We ramble
amid this swirling, sparking chaos like howling fire demons and hoist a
salute to the spirit and dignity of this wildfire. Crackling and hissing,
embers chase the stars into the sky. The distant mountainsides seem to
grow and loom. The surrounding forest seems to coagulate into a mysterious unity. As our bonfires regress, we have a conversation with this
dying wildfire. We thank it for bringing us to this place of unique beauty and serenity. We assure it that it will come again. We ask it for permission to do what we do.

Our exit from this fire through the wilderness becomes the final segment
of this mission. On this fire we are lucky. A helicopter with a longline
and net is coming in to pick up our packout bags. Carrying a 120-pound
pack over several miles of rugged terrain is a torturous experience. Now
we can stroll out toting a 30-pound personal gear bag and enjoy our
final day immersed in this awesome wilderness.
Envision firefighters evolving into fire guiders. Firefighters can begin a new
legacy by becoming fire specialists skilled at monitoring backcountry wildland
fires, and even igniting them when conditions are appropriate. When lightning
naturally kindles tinder in the hinterlands, erstwhile firefighters could nurture
these coyote wildfires to run yapping, crackling, smoking through the wildlands. Wildland fire-guider specialists could beckon these coyote wildfires,
herd them around as best they could—or at least ameliorate some of their mischief—and restore these distorted lands to their fire-hardied origins. Wildland
firefighters would then also be doing something truly worthy.
Government hunters gave way to government biologists, who now signal
alarms when commodity extraction schemes menace habitats for threatened
wildlife. The skills and spirit of the hunter remain present in the biologist.
So, too, the skills and spirit of firefighters can remain intimate to a new generation of fire specialists. Agencies and others have been busy doing “prescribed fires” for years. However, these are scheduled and well-planned
events, often burdened with the inflexibility of bureaucratic inertia. Now a
new coterie of wildland fire guiders is beginning to exploit the opportunity of
natural ignition to burn a predetermined amount of acreage.

Could we firefighters be like the federal hunter in Aldo Leopold’s Sand County
Almanac who kills the last grizzly bear in New Mexico? Do we kill off the fierce
greenfire in the wolf’s eye? No. Wildfires are more like coyotes than grizzly
bears or wolves. Wildfires seem to be multiplying in the urban-wildland interface. The more we hunt them, the harder they are to exterminate. Wildfires
will gnaw off their own legs to get out of our traps. They have learned to feed
on the detritus of mangled ecosystems. This knowledge of wildfire as coyote is
the justification some firefighters use to escape responsibility for what they do.
It doesn’t matter whether this particular wildfire is suppressed because wildfire will continue to return until the fuel is depleted.

A distant smoke column in the backcountry would still induce a frantic dispatch to the site. However, now these fire guiders can allow the wildland fire
to grow larger. With drip torches and fusees, they burn from ridgetops or
other natural fire barriers and secure the fire perimeter to ensure that the
fire does not meander beyond the predetermined area. They easily contain
the fire within boundaries by using the knowledge and techniques of fire
suppression, such as patrolling for spots outside the main fire, “cold trailing” (ensuring the fire’s blackened-ash edge is dead out), and “hotspotting”
(cooling down hot areas by throwing on dirt or separating fuel). If necessary,
when ambient conditions change, they use “minimum impact suppression
tactics” to cool down sections of the fire.

This Br’er Rabbit–Br’er Fox joke is on fire management: Oh, whatever you do,
don’t throw us into those wildland fires! The more we put ’em out, the more
they reappear and the more we take those wild rides into the wildlands.
However, fire management plays the same game. Fire suppression gives
midlevel bureaucrats the brief opportunity to assume the rank of a general at
war, commanding hundreds of wildland warriors, dispatching an air force,
and spending a million dollars a day. That job is a whole lot more fun than
arguing with scruffy biologists over logging plans. So perhaps this joke is really on the taxpayers. They pay the mounting costs of a fire suppression strategy
that simply breeds more coyote wildfires across the landscape.

The National Park Service has been developing these techniques, known as
“wildland fire use,” and their fire monitors are growing richer in experience.
Although the public would listen to ground-level wildland firefighters speaking about reforming fire management policy, these firefighters are not yet
speaking loudly. It is time to make this new vision mainstream. When aberrant fuel loads are reduced to acceptable levels by years of such work, then
wildland fire specialists can enter the wilderness with a selfless, communal
purpose to observe wild-running coyote wildfires romping through a firepermeable landscape. Perhaps my children will some day enter the wilderness, stare a coyote wildfire in the eye, get its mark, measure its ferocity and
potential, and leave it alone to an uncontorted destiny as a hundred thousand
twinkling embers reflect the inscrutable starry night.

The next day we do the tedious work of an undertaker. We make sure this
dead fire is laid out in the way our bosses would want to see it. We process any heat or embers so the carcass won’t spawn any other new fires.
There is a whole manual of protocol to prevent a “reburn.” We faithfully
use “wilderness tactics” or “minimum impact suppression tactics.” We try
to disguise our work so it is hard to notice from an airplane, and hard to
recognize a year from now if a hiker stumbles across this spot. We scatter
the piles of brush and small trees we created while making the fire line,
and mutilate the chain-saw cuts we made in downfall, so the place will
look more untouched. We climb trees and pull out the parachutes, even if
they are 100 feet up. Every lick of trash is burned or packed away. We
intend to leave only footprints and a mineral-soil fire line.

Firefighters dig a fire line around a spot fire, Idaho City
Complex Fire, Boise National Forest, Idaho, 1994.
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HOT NEWS
Media Coverage of Wildfire
Conrad Smith, Ph.D.

Most of us get our information about wildfire from the news media rather than from direct observation.
News reports from Yellowstone in 1988 portrayed the wildfires there as “raging” disasters that
“menaced,” “devastated,” and “destroyed” forests—language that obfuscates the ecological role
of wildfire in shaping the American West. Stories about catastrophic events tend to include scientific
context when scientists themselves are proactive, or “enterprising,” as news sources.

W

Conrad Smith is a professor of journalism at the University of Wyoming in
Laramie. Before accepting that position in 1996, he taught aspiring
journalists at The Ohio State University in Columbus, Colorado State
University in Fort Collins, and Idaho State University in Pocatello. In 1988,
when the Yellowstone fires became national news, Conrad was in the park’s
backcountry leading a group of trail work volunteers who watched the Clover
and Mist fires burn together into the Clover-Mist Fire.

ildfire was not a big story before World War II. Now it is. In 1937,
when 15 firefighters received fatal burns fighting a wildfire near
Yellowstone National Park in an effort to save trees for logging, the
New York Times described their deaths in two stories comprising 980 words,
stories buried on pages 8 1 and 23.2 Each death got 65 words. More than half
a century later, in 1994, when 14 firefighters burned to death protecting
woodland homes west of Glenwood Springs, Colorado, the New York Times
described the event on its front page on July 8 and again on July 9, and in four
additional stories on those inside pages in the days following the deaths—
a total of 5,020 words, or 358 words per death.3 This greater attention to
fallen firefighters suggests that people who fight wildfires have more public
importance now than in 1937, and the more prominent 1994 story placement indicates that wildfires have more news value today than before World
War II. Why the change?

Events in 1949, 1988, and 1994 altered journalists’ perspectives on wildfire.
A 1949 fire in Mann Gulch near the Missouri River in Montana killed 12
smokejumpers, the first on-the-job deaths of the professionally trained firefighters who emerged after World War II. Because Norman Maclean described
this event so well in Young Men and Fire, I will limit myself here to the observation that men jumping from airplanes to fight fires is more interesting to
journalists than the 15 Civilian Conservation Corps men who died fighting the
1937 Yellowstone wildfire after being called away from their regular work of
building picnic tables in Forest Service campgrounds.
The Yellowstone fires of 1988 increased the degree to which wildfires are
reported as a natural biological process, although the social impacts of wildfire remain the primary focus. The 1994 deaths of 14 firefighters on Storm
King Mountain in Colorado focused federal land agencies and journalists on
the reality that young men and women had been giving up their lives to save
houses threatened by wildland fire.
The Yellowstone Fires of 1988
Government official mobbed by news media and
onlookers, Old Faithful Geyser, Yellowstone National
Park, during the 1988 Yellowstone fires.

During the slow-news summer of 1988, Yellowstone National Park, a national
icon, seemed threatened by large fires that again and again in August burned
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with more intensity than worst-case predictions made by the country’s most
respected wildfire analysts. The park’s prescribed natural fire policy, under
which lightning-caused fires were initially allowed to burn if they did not
threaten developed areas, was suspended on July 21 because of drought conditions and increasing fire activity. The fires’ intensity subsided during the
first three weeks of August, but flared up again toward the end of the month.
In the ensuing national media onslaught of late August and early September,
NBC News alone had 23 people in and near Yellowstone reporting on the
fires. On September 9, NBC Nightly News showed pictures of a charred
moonscape as correspondent Roger O’Neil told viewers: “This is what’s left
of Yellowstone tonight.” Urban journalists in Yellowstone’s rural setting often
followed the lead of some park-area merchants and their political representatives, who used the park’s earlier prescribed natural burn policy as an
explanation for why the fires were still burning more than a month after they
became national news. Scientists who study wildfire, however, concluded
that about the same number of acres would have burned even if all of the
1988 fires had been fought immediately.4

the political or geographical context in which the fires burned. Reporters tended to blame poor coverage on ignorance, preconceived notions about fire, logistical problems with access and communications, deadline pressure, and on
sometimes-inept Park Service fire information officials.

of the flames on the burned areas; or the political ramifications of the fires. In
my surveys, reporters who covered the 1988 Yellowstone fires, as well as those
reporters’ sources, were more critical of omitted information and missing data
than of factual errors in stories about the fires.

Four panels of wildfire experts whom I asked to evaluate network television
stories about the Yellowstone fires concluded that those broadcast during the
height of the 1988 coverage were less accurate than stories that aired before
and after the peak coverage period.11 The network correspondents who did
the largest number of television stories about the fires for ABC,12 CBS,13 and
NBC 14 each acknowledged in retrospect that their 1988 stories exaggerated
the impact of the fires. This kind of introspection within the journalistic community, described eloquently in a Washington Post opinion piece by one of the
journalists who covered the fires,15 appears to have resulted in more thoughtful wildfire reporting in subsequent years.

Several scientific studies suggest that omitted facts and lack of context are
more serious journalistic shortcomings than overt factual errors.18 The scholarly literature on reporting also suggests that news accounts are socially constructed realities designed to meet the needs of the journalistic workplace
rather than objective accounts of issues and events.19

In 1989, for example, reporters from the television networks and from
nationally known newspapers and magazines returned to Yellowstone to
assess how the park looked after the 1988 fires. In 1993, reporters again
returned for five-year-retrospective stories about the fires. Some of the
post-1988 news accounts addressed ecological aspects of wildfire. Because
these stories were features produced under less time pressure than hard
news written under tight deadlines, they offered journalists more opportunity to explore the scientific aspects of wildfire.

Fires of similar intensity had burned through Yellowstone’s lodgepole pine
forests many times before Europeans arrived to observe them.5 Public interest
in the 1988 fires offered an opportunity for journalists to explain the historical
and ecological context in which the fires burned, but few who reported
the story had the knowledge to do so. The majority of the 936 news accounts
about the Yellowstone-area fires that appeared during 1988 in three
Yellowstone-area newspapers, in three nationally known newspapers, and in
the evening newscasts of the three television networks focused on the fires
themselves rather than on the ecological context in which they burned.6

The Storm King Mountain Fire of 1994
In early July 1994, thousands of lightning strikes ignited numerous wildfires
in western Colorado. One of those, initially too small to be considered worthy
of attention from scarce firefighting resources, was attacked by firefighters
after some residents of a small housing development, a few miles west of the
fire and surrounded by forest, complained to the White River National Forest
supervisor’s office in nearby Glenwood Springs (the fire itself was on land
administered by the Bureau of Land Management). High winds from a cold
front on July 6 caused this fire to explode, killing 14 of the firefighters. This
human sacrifice to save houses that were destined to burn because of their
location focused media attention on the value of human life relative to the
value of houses built where they should not be.16 The risk of fire to homes
made of fuel built among forest fuels has appropriately been compared to the
risk of flood damage to houses built on floodplains.

Only one of the 936 stories—published in December 1988, after the fires
were out—provided a detailed description of the scientific foundation of
Yellowstone’s prescribed natural fire policy.7 Six paragraphs of this New
York Times Magazine story, by well-known environmental writer Peter
Matthiessen, traced the evolution of Yellowstone’s fire policy through its roots
in the cessation of predator control in the 1930s and the National Park
Service’s natural regulation philosophy, based on the 1963 Leopold Report,
which recommended that natural ecosystems should be re-created within
the national parks.8
Before 1988, the primary source of information about wildfire for many journalists and other Americans was the Smokey Bear public education campaign.
This effort, designed to reduce forest fires caused by humans, implied that
wildfire is always harmful because it destroys forests. Many Americans were
also influenced by the Disney animated movie Bambi, which has been described by wilderness scholar Roderick Nash as doing “more to shape American attitudes towards fire in wilderness ecosystems than all the scientific
papers ever published on the subject.” 9 Naturally these aspects of popular culture influenced journalists as well as their readers and viewers.

News, Context, Accuracy, and the Sociology of Journalism
Journalists have been criticized for making factual errors, for exaggerating
and sensationalizing events, and for not providing enough context in their stories. Understanding some of the workplace constraints inherent in news work
can help explain why these problems occur.
Media scholar James Carey has suggested that it is uncharitable to criticize
daily news reports for their lack of context.17 That is perhaps the most common complaint about how journalists report events. Most journalists place a
high value on factual accuracy, but accuracy alone does not necessarily characterize good reporting. Describing the number of acres charred does not
explain why wildfires are burning; the social, economic, or ecological impact

My surveys of journalists who covered the Yellowstone fires in 1988, and of
the sources named in their stories, indicated that many in each group believed
the Yellowstone fires were poorly reported.10 The most common complaints
among the journalists themselves were that the reporting was exaggerated or
sensationalized, and that the stories did not provide enough information about
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sources eager to be heard. Sociologists Harvey Molotch and Marilyn Lester
described news coverage as a battle among sources with vested interests to
define events in self-serving ways.29 Communications scientist Robert Entman
suggested that journalistic practices make it so easy to manipulate news that
public officials who talk honestly with reporters do so at their own peril.30
Because of deadlines, there is often not enough time for even the most conscientious reporter to find the best sources. This journalistic fact of life makes
reporters vulnerable to the most easily accessible sources, especially during
crisis stories, such as those about wildfires or earthquakes.
The “source enterprise” factor describes the degree to which news sources successfully court media attention. Success is measured by the degree to which
resulting stories legitimize the source-generated viewpoints and news angles.
For example, a representative of an environmental advocacy group who sought
media attention would rate high on source enterprise if the resulting story
focused on environmental aspects of the event. A politician who sought media
attention to portray wildfire as an economic disaster would display high source
enterprise if the resulting news account took that perspective. Consider the
following examples.

In an ideal world, reporters’ news sources would be chosen entirely by the
relative expertise of those sources. More often in the daily grind of journalism, however, sources are chosen for their accessibility rather than their
knowledge.20 Sources eager to influence how journalists report events often
succeed in doing so.21 Media research also indicates that science and technology are more poorly reported than other topics.22 In part this is because
newspapers tend to give science a low priority,23 and because scientific ignorance is widespread.24

After the Exxon Valdez oil spill in March 1989, the State of Alaska, which
received much of its revenue from oil and which had approved the ineffective
oil spill contingency plan, launched a successful propaganda effort to portray
itself as the innocent victim of Exxon. Alaska commissioner of environmental
conservation Dennis Kelso and Coast Guard commandant Admiral Paul Yost
delivered sound bites that made good copy and obscured the culpability of
each government body in the lax enforcement of safety standards and oversight of preparedness for large spills.31 Exxon was less skilled in dealing with
reporters, exacerbating its public relations problems.

Most scholars who study wildfire examine it as a natural rather than a social
phenomenon. But the research cited above suggests that most journalists are
better equipped to report the social impact of wildfire than its role in shaping
and maintaining natural landscapes, that news sources named in stories about
wildfire will be selected more for their availability than expertise, and that the
most available news sources will have opportunities to exert considerable
influence on how the relevant stories are framed.
My own research indicates that fewer than 5 percent of 589 American newspaper and magazine stories about the 1988 Yellowstone fires published during
the subsequent five years contained any kind of ecological information in the
first three paragraphs. Of these 29 stories, only 5 went beyond descriptions of
immediate fire effects to explain the long-term role of fire in forest ecosystems.
Readers hungry for scientific information clearly did not get very much of
it from these 589 wildfire stories. This raises two questions: (1) Why did the
media pay so little attention to the scientific aspects of a story with so much
scientific potential, and (2) is it reasonable to expect more?

After the October 1989 Loma Prieta earthquake, U.S. Geological Survey
(USGS) geologists in Menlo Park, California, who had been courting reporters
for 25 years,32 rated news coverage of that event much more accurate and
complete than did seismic engineers, who had not sought media attention in
any organized way.33 This suggests that scientists who seek out journalists get
more accurate coverage than those who do not.
Although Iben Browning had no standing as a seismologist and only one supporter among academic seismologists, his unscientific earthquake prediction
for the New Madrid fault was often reported as scientifically credible until
the USGS intervened, releasing a report by a committee of 11 respected
scientists that discredited Browning’s prediction.34 Statistical analysis by
the author indicated that this source enterprise by the USGS was the single
largest factor explaining the variance in the accuracy of news accounts about
Browning’s prediction.35

Determinants of How Catastrophic Events Are Reported
Media coverage of catastrophic events seems largely a function of five factors: (1) the amount of enterprise exhibited by potential news sources, (2)
the degree to which elements of the story resonate with cultural norms, (3)
the salience of relevant issues, (4) the newness of the event, and (5) the
degree to which the setting for the story is rural or urban. I derive this conclusion from my research on how the media reported the 1988 Yellowstone
fires 25 and three other major stories: the 1989 Exxon Valdez oil spill in
Alaska,26 the 1989 Loma Prieta earthquake in California,27 and climatologist Iben Browning’s unscientific projection that an earthquake would strike
New Madrid, Missouri, on or about December 3, 1990.28

In 1988 coverage of the Yellowstone fires, federal agencies were relatively
unsuccessful in their attempts to influence reporters in ways that focused
attention on the natural role of fire in forest ecosystems. But about half of the
expert sources named in post-1988 stories about the fires were associated with
Yellowstone National Park, suggesting renewed opportunity for federal agencies to influence coverage. Although many of the stories were ecologically
superficial, most expressed more positive attitudes toward the park than did
stories published in August and September of 1988.

source enterprise
One of the traditions of journalism is that reporters attribute information to
named sources. As observers cited above have noted, news is weighted toward
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But the Intermountain Fire Sciences Laboratory in Missoula, described twice
in the 1988 stories about the Yellowstone fires,36 was mentioned only once
among the 29 post-1988 stories that had ecological content in the first three
paragraphs.37 If the fire sciences lab had been cultivating media contacts for a
quarter century as had the USGS geologists in Menlo Park, coverage of the
1988 fires and their aftermath might have turned out differently.

cultural resonance
If the message offered by news sources resonates with widely accepted cultural values (e.g., Bambi terrorized by fire; Smokey Bear’s admonitions that fire
is bad), it will take less enterprise to influence reporters than if the perspective
offered by sources contradicts popular wisdom.
Because journalists hold oil companies in low esteem, and because the
drunken sailor is a part of maritime myth, the perspectives that alcohol caused
the wreck of the Exxon Valdez and that the company was responsible for failed
efforts to contain the spilled oil resonated with cultural values. Other causes
identified by the National Transportation Safety Board, such as poor Coast
Guard oversight, resonated less with popular conceptions and received less
media attention, independent of efforts by news sources to influence coverage.
Because Alaska symbolized uncorrupted wilderness for many Americans,39
the idea that the state bore no responsibility for the spill or the unsuccessful
cleanup efforts resonated with popular wisdom. For that reason, the state
could get favorable coverage with considerably less enterprise than Exxon.
38

Most of the damage from the Loma Prieta earthquake occurred outside San
Francisco in places such as Oakland, Santa Cruz, and Watsonville. But San

Francisco is better known than the other cities, and the 1906 earthquake there
is part of our cultural lore. Thus, because San Francisco is a familiar reference
and resonates with our knowledge of earthquakes, media accounts of the 1989
earthquake focused on San Francisco far more often than the distribution of
seismological effects would have suggested.
Iben Browning’s New Madrid earthquake prediction resonated with the cultural myth that earthquakes can be accurately predicted. Perhaps for that reason, inaccurate reports that Browning had earlier predicted the Loma Prieta
earthquake and the eruption of Mount St. Helens were initially described by
journalists as fact without being investigated.
Because we are culturally conditioned to think of fire as destructive, it will take
no source enterprise to persuade journalists to portray wildfire pejoratively. In
the face of this widespread conception, source enterprise is particularly important in communicating the biological context of wildfire to reporters. If agency
managers and fire information officers are content to answer reporters’ questions without actively providing scientific information about wildfire, they will
unwittingly reinforce the Smokey Bear message that fire is always bad.

issue salience
The salience of an issue or event—the degree to which it captures our attention—is another factor that influences how events are reported. Thus wildfires
in Yellowstone National Park, which is widely known, received considerably more media attention than equally intense fires in lesser-known areas,
such as the 1988 Canyon Creek Fire in the Scapegoat Wilderness between
Missoula and Great Falls, Montana.

Of the stories discussed here, the earthquake stories probably have the
highest cultural resonance. Because most of us drive over bridges and on
freeways, we can relate personally to stories about how those structures
collapsed and killed people. Iben Browning’s dubious prediction — a
50-50 chance of a major earthquake near New Madrid within two days
of December 3, 1990—had greater specificity than USGS predictions that
estimated the probability of a Bay Area earthquake over a period of three
decades. The Browning prediction was therefore more journalistically salient
and received greater coverage.

that observation. Urban reporters are generally better qualified to report urban
than rural phenomena, and generally more interested in urban events. Urban
crime, politics, and scandal are appropriate staples of news, because cities
are where most of us live.
We’ve all heard stories about the country rube who goes to the big city and
gets taken because he doesn’t know the ways of the city. You can take the
boy out of the country, and so forth. But the same concept works in reverse
when urban journalists report rural events. A reporter who is quite sophisticated about the subtleties of Washington politics may be completely out of
his or her element in a story about federal lands in rural areas. Thus Bill
Greenwood, Washington correspondent for ABC, reported in 1988: “There’s
no doubt the flames [in Yellowstone] will cost the timber industry tens of
millions of dollars.” 40 Greenwood was apparently unaware that timber harvest is not allowed in national parks.

The Alaska oil spill and Yellowstone wildfires were salient in symbolic ways.
Each symbolized the corruption of innocence by outside forces. Alaska, the
pristine last frontier, and Yellowstone, the crown jewel of the national park
system, were portrayed as innocent victims of bad management by inept
administrators. In Alaska, journalists increased issue salience by portraying
environmental damage in terms of doomed sea otters instead of explaining
that the real threat was that mortality among less charismatic species in some
parts of a complex aquatic ecosystem might eventually affect other parts of
that system. In Yellowstone, issue salience was greater because journalists
focused on national icons presumably threatened (e.g., Old Faithful geyser)
and on presumably terrorized megafauna rather than on less charismatic
stands of lodgepole pine, which are evolutionarily adapted to wildfire.

In Valdez, Alaska, reporters from prestigious national news organizations generally knew much less about the background and issues relevant to the Exxon
Valdez oil spill than did their counterparts from Alaska-based news organizations. In California, Bay Area reporters generally had lived through other
earthquakes, and many had working relationships with USGS scientists in
Menlo Park. Reporters who flew to San Francisco from other urban areas had
fewer bearings and were more likely to buy into the myth that earthquakes
are somehow more dangerous than other natural disasters, such as the hurricanes that sweep through the Southeast every few years.

Wildfire ecology probably has considerably less salience than threatened
national icons and allegedly inept land managers, and is therefore much
less likely to be the focus of stories about wildfire.

The New Madrid fault, which traverses a predominantly rural area, was the
focus in 1990 of stereotypical stories about simple folks in small-town America
and their fears about the great earthquake. In Alaska, stories about the Exxon
Valdez oil spill perpetuated myths about the primitive lifestyles of native peoples, portraying them as less assimilated into the cultural mainstream than
they really were. In Yellowstone, many reporters used urban concepts to
explain rural fires. If the fires were still burning, the thinking appears to have
been, somebody must have screwed up. By the same logic that fires can destroy
buildings, they can “destroy” rural landscapes.

newness
Where a wildfire has burned since yesterday, who or what is now most at
threat, and the most recent administrative actions, will always be newer than
ecological issues, and therefore more newsworthy. After the Exxon Valdez oil
spill in Alaska, stories about the day’s events (sea otters rescued, beaches
cleaned) and symbols (oiled shorelines and wildlife) were always more newsworthy than information that would help to prevent future spills. After the
1989 Loma Prieta earthquake in California, stories about damage and victims were always more newsworthy than information about past zoning decisions and funding cutbacks that assured widespread damage to buildings and
roads. Stories about Iben Browning’s New Madrid earthquake prediction
focused on public reactions to it rather than on its scientific merit.

Having offered my theoretical explanation of why the media reported so little
and, in some cases, so superficially about wildfire ecology in Yellowstone after
the 1988 fires, I now come to the second question: Is it reasonable to expect
more? My conclusion is that the practical constraints on journalists are such
that reporting on wildfire ecology and other scientific subjects will not change
very much until scientists and other expert sources take a considerably more
active role in cultivating reporters and actively educating them about both the
methods and results of their research.

the urban rube
Most of journalism is practiced in urban areas. In 1988, I would have said
that wildfires burn in rural places, though later wildfires in the Oakland/
Berkeley Hills (October 1991) and Los Alamos (May 2000) have tempered

Television crew filming at the Green Knoll Fire, Jackson, Wyoming, 2001.
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Strengthening winds fan New Mexico firestorm

INCENDIARY
LANGUAGE
How Words
Affect Perception

W

ords frame an issue, and affect our
perception of it. In subtle and not so
subtle ways, the language we use to
describe wildfires affects our perception of these
events. When the media, politicians, and even
some ecologists describe wildfire and its effects,
pejorative language is the norm. How often have
you heard a TV reporter or government official
describe how a wildfire was “catastrophic” or
“destroyed” so many acres of land? We are told
that the blaze “incinerated,” “blackened,” or
“devastated” the forest, leaving nothing but
“charred snags.” Furthermore, the language used
in describing wildfires is often militaristic, with
“firefighters” “battling” the fire “front,” thus
casting wildfire as an “enemy” to be subdued.
Our human-centered view of wildfire and the language we use to describe it often hinder us from
appreciating the positive role of fire in natural
ecosystems. Fires may “destroy” homes, but it’s
questionable whether they “destroy” the forest.
Because we speak of wildfire in terms of something
to be “fought,” to “suppress,” and to “control,” we
automatically portray fire as a negative force.
Unless we change the language we use to describe
wildfire, we may never get away from the perception that it is harmful and undesirable. Talking
about wildfire in nonjudgmental language is
probably not possible, but if we must err, let us
err on the side of ecological health. It will be a
welcome day when the media and government
officials talk about how fires “restored” the landscape, “created” so many acres of new wildlife
habitat, “released” nutrients, and “reestablished”
a plant or animal community. At the very least,
such terms would be far more accurate than language that casts fire as persona non grata in the
ecological family of events.
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Strong winds send twin Colorado wildfires surging
Flames and smoke scar the state

Giants facing blaze’s wrath
Fires ravaging West
Nearly 20,000 Acres Scorched by 2 Blazes

Wildfires Raging Across the West, Abetted by Dry Storms, Lightning Inferno

‘It’s like fighting a horrible beast’
High winds threaten more misery in New Mexico
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DON’T GET HOSED
How Political Framing Influences Fire Policy
Les AuCoin

The Bush White House carefully chose the phrase “healthy forests” to characterize its effort to
increase logging in the public’s national forests. It was a masterpiece of political “framing”—the art
of creating a central organizing idea or context for an issue through use of selection, emphasis,
exclusion, and elaboration. “Healthy forests” evokes a sense of environmental protection and
personal safety at a time of deep fear of wildland fire.

“T

Les AuCoin is a frequent Oregon newspaper essayist and public radio
commentator. A retired U.S. congressman, he coauthored the 1984 Oregon
Wilderness Act and the 1988 Oregon Omnibus Wild and Scenic Rivers Act,
wrote the first ban on oil drilling off the Oregon and California coasts, and
appropriated funds to purchase Rock Mesa in the Oregon Cascades’ Three
Sisters Wilderness. A retired professor of political science and environmental
studies at Southern Oregon University, Les is a resident of Ashland, Oregon.

he fire is destroying Yellowstone—destroying it—and the Park
Service is just sitting around, letting it happen!” Congressman
Ralph Regula, a senior Republican from Ohio, was flushed with
rage in the hearing room of the House Interior and Related Agencies Appropriations Subcommittee in Washington, D.C., that morning in June 1988.1
Then Regula delivered the coup de grâce—a fact so awful that it would surely
seal his argument: “It’s so bad, the park’s rivers are running black!” A collective gasp filled the hearing room. Yellowstone Park—the crown jewel in the
national park system, the world’s first national park—was being “devastated.”
But the Yellowstone fires were not destroying this fire-adapted landscape any
more than similar conflagrations had done over millennia. Throughout history, fire has worked through western forests, giving them a chance to reset
nature’s clock and renew themselves. But it is a rare politician who understands wildfire ecology, and few if any scientists of any kind serve in the
Congress. This may explain why politics tends to produce decision makers
who, with several notable exceptions, seek to fireproof the forests—through
thinning if they can, or, if they cannot, through salvage logging. At its core,
American politics is anthropocentric—human centered, not nature centered.
Worse for the environment, politics abhors a vacuum. Faced with a massive
natural disturbance like a wildlands fire, politicians cannot just sit idly by.
No sir, they’ve got to get out that good wrench and be seen as fixing the
problem! This is especially true in the age of the modern media—the 24 /7
“infotainment industry” that looks for drama and action and showers coverage on politicians who provide them.
In 1988, the national news media chased a perfect storm: five fires had erupted in Yellowstone while the Park Service operated under a 16-year-old policy
of letting fires run their course in fire-adapted ecosystems. For the infotainment industry, this was as good as it gets: the equivalent of the burning of
Rome and the discovery of covert pyromaniacs rolled into one. Unburdened
by scientific knowledge, reporters and politicians pummeled the Park Service
in an echo chamber of escalating criticism.2 Montana senator Max Baucus, a
Democrat, took the U.S. Senate floor to declare that the national fire policy
was “responsible for much of the injury caused by this year’s forest fires.” 3

Capitol building, Washington, D.C.
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Then-senator Malcolm Wallop, a Republican from Wyoming, demanded
the firing of National Park Service director William Penn Mott, a fellow
Republican, saying: “He continues to celebrate [the fires] while all the rest
of us are suffering.” 4

sion that some feared. Fish and other forms of aquatic life are abundant again.
Mammal populations are still healthy—albeit reapportioned to conform to
natural habitat changes.
Writing for the High Country News in October 1994, reporter Michael Hofferber
described the park’s incredible resiliency just six years after the fire:

The Park Service’s fire policy, however, was based on peer-reviewed science,
which showed how fire had shaped the Yellowstone landscape and its biota for
millennia. Many of Yellowstone’s plant species are fire adapted. The cones of
lodgepole pine, a species that makes up nearly 80 percent of Yellowstone’s
forests, are a good example. Sealed by resin, they crack in the intense heat of
fire and release seeds to begin life afresh.

Crouched over a metal screen like a gold rush prospector and peering
through its grid at the forest floor, [researcher] Cindi Persichetty calls
out what she sees through each square-inch opening: “Line four: moss,
moss, litter, seedling, seedling, seedling.” Another Idaho State University
graduate student, Mike O’Hara, sits on a log recording the findings on a
clipboard. The charred remains of lodgepole pine loom above them,
groaning in the morning breeze that rises off the Madison River in
Yellowstone National Park. The forest floor is carpeted with thousands of
bright green seedlings, each less than a foot high.9

But try to explain these facts to a television news reporter who operates on 10second sound bites. Or to a congressman or senator who makes a political living off of them. On the tube, that great arbiter of modern American reality,
Yellowstone scientists and managers came off as ostrich-headed bumblers
muttering a language from another world.

Findings of this kind prompt John Varley, director of the Yellowstone Center
for Resources, to observe that a forest’s rebirth after a fire disturbance can
leave the ecosystem and its biodiversity healthier than they were before the
flames erupted. Overwhelmingly, conservation biologists agree with him.

It was a rout. Science was mugged by politics as whipped-up TV viewers across
the nation flooded the offices of their senators and representatives with one
message: suppress the fires without further delay. On July 21, as the flames
began to expand rapidly, the Park Service lifted its natural fire policy. The
agency’s decision was partly a capitulation to overwhelming political pressure,
especially from western senators, who have disproportionate power in the
Congress because senators are elected two to a state, regardless of a state’s population. In fairness, the decision was also based on the intensity of the fire,
which raced across the crowns of trees, shooting out firebrands up to a mile
ahead of the front and threatening nearby human populations outside the park.

Yet, since the 1988 Yellowstone fires, the rush to “fix” the wildland fire problem has escalated across the West. Oregon’s July 2002 Biscuit Fire showed
that naïveté, lack of knowledge, and deception still underscore public debate.
Although climate change, fire suppression, and logging are among the primary agents in transforming western forests into tinderboxes,10 the timber industry and the Forest Service’s “solution” is to ramp up logging.11

But if the Park Service thought that its about-face would still its critics, it was
wrong. Detractors refused to believe Interior Secretary Don Hodel when he
told Congress that he had suspended the “let burn” policy. Meanwhile, Hodel’s
decision incited criticism from Park Service fire scientists,5 independent wildfire biologists, and environmentalists, who believe that bulldozers and other
firefighting equipment cause more harm to a landscape than wildland fire.

The Biscuit Fire was the nation’s largest in the summer of 2002 and the largest
in Oregon’s history. When, after 120 days, it finally died, its outer boundary
encompassed nearly 500,000 acres, including the fabled Kalmiopsis Wilderness and 160,000 acres of roadless areas.12 But the fire did not burn all of
those acres. It left a mosaic of live and burned trees, and many forest stands
inside the “burn” were untouched.

Today, in 2005, the Park Service’s natural fire policy—long since reinstated
and adjusted to better protect human populations and property—has worked
successfully on subsequent fires in Yellowstone. Nevertheless, the political
storm caused by the 1988 fire gave a strong hand to logging advocates on all
federal lands, who make the argument that dead trees ought to be logged
instead of “wasted,” although nothing in nature is ever wasted.

President George W. Bush cited the Biscuit Fire as an example of why he has
given a green light to the timber industry to mow through forest stands across
the West. Traveling to Medford, Oregon, in 2002 while the Biscuit blazed, the
president announced a plan he said would reduce the number of conflagrations. He called it his “Healthy Forests Initiative.” The program was enacted into law on December 3, 2003, as the Healthy Forest Restoration Act. It
relies on the timber industry to “thin” forests in the deep outback and
exempts this logging from the National Forest Management Act, the Appeals
Reform Act, and the National Environmental Policy Act—laws that Congressman Mark Udall, among others, describes as the fundamental laws
of sound forest management.13

The lesson is unmistakable: the media thrive on drama, especially fear, while
the political marketplace almost always operates on the understanding that
there is profit in satisfying the crowd.
6

Today, 17 years after the fire reset nature’s clock, Yellowstone’s plants are
brimming with youthful vigor. Independent scientists report that although
flames consumed aboveground parts of grasses and forbs, the belowground
root systems remained unharmed.7 Researchers Jay Anderson of Idaho State
University, William Romme of Colorado State University, and other scientists
have documented the Greater Yellowstone Ecosystem’s remarkable but not
unexpected recovery.8 Vegetation in most burned areas quickly regenerated.
Water flows have increased in many streams without causing the severe ero-

A further, conspicuous problem with the Healthy Forest Restoration Act is
that the timber industry is not exactly a philanthropic movement. When it
“thins” trees, it expects to make a profit. Thus, it must cut big (commercially
valuable) trees to offset the cost of thinning smaller ones. The president’s plan,
then, means loggers are taking large, fire-resistant trees and leaving smaller
trees, which are more susceptible to fire. An examination of Oregon’s 2002
Tiller Fire demonstrated the shortcoming of this tactic: the most severely
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burned places were previously logged tracts in which older, larger trees had
been replaced with plantations of smaller trees.14

Successful framing is a powerful tool in molding political opinion. An experiment described by Thomas E. Patterson, professor of political science
at Syracuse University’s Maxwell School of Citizenship and Public Affairs,
illustrates this point:

These facts were smothered in the congressional debate on the president’s
misleadingly named plan; the bill sailed through the House on a vote of
256–170 and cleared the Senate by 80–14. What political factors were at
work? Mainly the “Mr. Goodwrench” syndrome, in which pressured legislators feel compelled to act as problem solvers even through they may be
making matters worse.

Cognitive psychologists Daniel Kahneman and Amos Tversky told a
group of subjects to imagine that an unusual disease was expected to
kill six hundred people and then asked them to choose between treatment A, which was expected to save two hundred, and treatment B,
which offered a one-third probability of saving all six hundred and a
two-thirds probability of saving none of them. By 72 percent to 28 percent, the subjects preferred treatment A. A matched group of subjects
was provided the same information about the disease and asked to
choose between treatment A, under which four hundred were expected
to die, and treatment B, which offered a one-third probability that
nobody would die and a two-thirds probability that all six hundred
would die. In this case, treatment B was preferred 78 percent to 22 percent. The choice given to both groups was identical, but one choice was
framed in terms of the number of people who would live if the action
were taken, and the second one was framed in terms of the number who
would die. By altering the way in which the choice was framed, people’s
preferences were completely changed.23

Ignorance or avoidance of environmental knowledge is one thing. A deliberate
frontal attack on forest science is another. The Healthy Forests Initiative was
developed by individuals who used fear of wildland fire to increase logging
and mask their dismantling of President Bill Clinton’s science-based 1993
Northwest Forest Plan.15 The Clinton plan reduced the public timber cut in
the region by 75 percent to protect viable populations of the spotted owl and
other wildlife, which were threatened by logging and habitat loss.16
For the 2005 Biscuit Fire “restoration” alone, the Bush administration’s Final
Environmental Impact Statement (FEIS) called for a “salvage” of 372 million
board feet of timber—some 170 million board feet more than the normal yearly cut on the public lands of Oregon and Washington combined. Leading biological experts contend that postfire logging can be more harmful than fire.17
Heavy equipment damages delicate, traumatized soils; log skidding creates
erosion and river siltation; and removal of fallen trees robs the soil of nutrients
and destroys woody debris needed as a lifeboat for dependent species until the
regenerating forest begins to produce its own “new” large dead wood structures, typically a century later.18 Logging trucks carry the seeds of noxious
weeds that, in the absence of postfire competition, multiply rapidly and choke
natural vegetation. The Biscuit EIS also targeted 8,173 acres of inventoried
roadless areas for industrial logging.

The broadcast media, which Americans depend on for most of their news,24
play a major role in communicating politically framed issues. This has had an
unfortunate impact on political discourse—in part because nuance and analysis are difficult to fit into an average 10-second sound bite. These media,
especially television, tend to favor attention-getting political frames rather
than ones that elucidate issues.25 In the modern symbiosis between the media
and elected officials, many politicians, needing attention for personal advancement, are loath to challenge political frames communicated by the media.

Mark Rey, the U.S. undersecretary of agriculture, is President Bush’s top political appointee for the Forest Service and was responsible for overseeing the
Healthy Forests Initiative. From the mid-1980s to the early 1990s, Rey was a
top lobbyist for the American Timber and Pulp Association, the largest timber
industry trade association in the nation.19 In that role he tried in vain to stop
logging curtailments called for in the Northwest Forest Plan. Today, under the
rubric of “forest health,” he has succeeded where he failed throughout the
1990s. He has also weakened the Clinton administration’s roadless forest protections in Oregon and elsewhere.20

To be sure, past government policy on the land and its natural processes has
produced some notable ecological achievements—the Wilderness Act; the
Clean Air, Clean Water, and Alaska National Interest Land Conservation acts;
the establishment of national parks; the creation of the Environmental Protection Agency; and many others. But much of today’s sophisticated antienvironmental framing is built atop a history of human domination of nature that
Roderick Nash describes so well in his seminal book Wilderness and the
American Mind. From the first light of time, through the mid-19th-century
period of Manifest Destiny, the New Deal, and into the modern age, Nash
describes American self-identity as forged in no small part by taming the frontiers and, when the chips were down, by placing humans above nature—not
as a part of it.26

How is it, one might ask, that legislation like the Bush administration’s socalled Healthy Forests Initiative can sail through Congress when polls consistently show strong public support for a sound and healthy environment?21
The answer is “framing”—the art of creating a central organizing idea or context for an event or proposal and suggesting the issue through use of selection,
emphasis, exclusion, and elaboration.22 This is why the Bush White House
chose the phrase “healthy forests” to characterize its effort to increase logging in the public’s national forests. A masterpiece of Orwellian doublespeak,
“healthy forests” evokes a sense of environmental protection and personal
safety at a time of deep fear of wildland fire. (Remember, in Abraham Maslow’s
hierarchy of human needs, safety is a fundamental human requirement.)

In this spirit, wildland fire in the West—and the threat of it—seem to have
created a reflexive impulse for logging, and to make the most of it, the Bush
administration has lifted bedrock environmental laws that protect the health
of the nation’s forests. Perhaps the words of Alexis de Tocqueville, sharing his
perspective on America some 170 years ago, best pertain to the agenda of
politicians who seek to reverse many hard-won gains in the science of forest
ecology: “They may be said not to perceive the mighty forests that surround
them till they fall beneath the hatchet.” 27
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LIFETIMES WITH FIRE
A Place in the Wildland Interface
Gary Snyder

In a sense, the whole biosphere is fire adapted. We walk the line between revering and treasuring
what is, and letting go: taking destruction, loss, and drastic change in our daily stride. This is
an account of fire in the woods, fire in the stove, fighting fires and setting fires, with the gossip and
tools that go with it all, in the social and political heat of our times.

I

Gary Snyder—writer, Buddhist, forest landowner, and bioregionalist—was
born in San Francisco in 1930. He has published 16 books of poetry and
prose, including the poems of Turtle Island (Pulitzer Prize, 1975), Mountains
and Rivers Without End (Bollingen Prize, 1997), and the paradigm-shifting
essays of The Practice of the Wild (1990). He has been a logger, a forest
firefighter, a lookout, a professor, and a Zen student in Japan. He lives in
the Yuba watershed of the northern Sierra.

n 1969 I packed my books and robes, and with my young family sailed
back to California from ten years in Japan. When I first moved to a piece
of Sierra mountain forestland the next summer, I wouldn’t let even a tractor drive over it. Except for a couple of very ancient logging tracks that evolved
into an access road, I wouldn’t take a truck into the woods. We built a house
that summer. We felled trees for posts and beams using an old Royal Chinook
two-man falling saw and then barked the logs with large draw knives. They
were not skidded or trucked to the building site, but carried by crews of strong
young men and women using rope slings and little oak-pole yokes. The threemonth job—the workers were mostly just out of college, and a only a few had
architecture and building skills—was done entirely with hand tools. Our ridge
had no grid power available, and we had no generator. The rocky road ran
across a barren mile of ancient rounded riverbed stone laid open by hydraulic
mining in the 1870s. The building site was beyond the diggings and back in
the forest 3 miles from the paved road and the mailbox. Town was 25 miles
away across a 1,200-foot-deep river canyon.
Twelve years later I took a trip back to Japan to visit Buddhist monk and
artist friends. I also looked at the new farming and forestry. Small gas engines
had taken over what oxen or humans had done before. Ingenious tillers, small
precise rice thrasher-huskers, a variety of weed whackers, beautiful tiny
trucks, brightly colored miniature backhoes and excavators, and everyone
using them without the least sign of guilt or stress. I thought, if the four-stroke
engine (and the two-stroke) had a place even in the Asian scheme of things,
maybe they’d work for me as well.
Our roads have not improved yet and there’s still no grid power. Though I have
stayed mostly with hand tools, over the years since, we have gone from
kerosene lamps to solar panels with a backup generator. I take my 4-wheel
pickup into the woods for firewood, and our homestead is now a hybrid of
19th- and 21st-century technologies. There’s a wood-burning kitchen range
and two large wood-burning heating stoves, but we also use laptop computers,
have a fax and a copying machine, and buck the big down oak rounds with a
large Husqvarna and a small Stihl chain saw.
Every summer season I do a bit more work clearing back the underbrush
(ceanothus and manzanita) from under the trees, and every winter I burn the

Author Gary Snyder.
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brush piles. California and southern Oregon forests are fire adapted and are
tuned to fairly regular low-level wildfires sweeping through. But then a few
summers back it seemed the wildfires got hotter and the roads and houses
closer, and some big plans for firebreaks were designed by the California
Department of Forestry and Fire Protection (CDF).

“McCloud” in California) hangs on a bracket, and next to that in the woodshed there’s a whole section full of hoes, shovels, and a few extra fire rakes.
The classic wildfire fighter’s tool, a pulaski, hangs in the shop. In the open
porch space of the house is a line of wood pegs holding work clothes, but one
peg is reserved for firefighting clothes: ragged old Wild Ass logger jeans on a
hanger, with a Nomex fire coat and yellow helmet, and a full canteen looped
on as well. In one Nomex coat pocket are the firefighting goggles, and in the
big pocket is a pair of work gloves.

I’d prefer to clear the understory fuel the natural way, with fire. I stood watch
on a prescribed burn a few years back on mostly Bureau of Land Management
forest, with the planned burn zone overlapping onto an adjacent private parcel. The fire torched up a few big trees and burned a lot of underbrush down
to ash. It was scary, but the fire chief assured us everything was okay. Bulldozer operators were on alert, ready to come if needed; and so were the CDF
pilots at the county airport with their spotter and tanker planes. The burn
went well all day. There were some complaints about the smoke, and that’s
one problem with prescribed burns—the air quality goes down, and newcomers don’t like it. But the bigger problem is, eight years later, that the site
is getting brushy again. It needs a follow-up burn, and we don’t know if we’ll
ever be able to do it. “The window of safety is too small.” So maybe mechanical crunching is another answer.

There are several hundred families living in the pine-oak zone on this Sierra
ridge. Higher up is national forest and heavy winter snow; lower down, the
blue oak, grass, and gray pine country that once was hot and droughty ranchland but now is either air force base or becoming air-conditioned new development. At our higher forest elevation, most of the community seems to feel
that we should be prepared to step out the door anytime to help hold the
fire line till the forestry crew trucks (men and women) come. There would be
help from air tanker planes and backup bulldozers eventually, too, but if
there are big fires going elsewhere in California, thousands of firefighters and
all the equipment might be there instead. So then it’s us and our small but
dedicated volunteer fire department.

In 1952 and 1953 I worked on fire lookouts in the Skagit District of the Mount
Baker National Forest in the northern Washington Cascades. Crater Mountain
first and then Sourdough. Those were the first jobs I’d held that I felt had some
virtue. Finally, guarding against forest fires, I had found Right Occupation. I
congratulated myself, as I stood up there above the clouds memorizing various peaks and watersheds, for finding a job that didn’t contribute to the Cold
War and the wasteful modern economy. The joke’s on me 50 years later, to be
knowing about how much of the fire suppression ideology was wrong-headed
and how it has contributed to our current problems.

In the Yuba country’s forested areas, there are plenty of firefighting protocols
in place: the San Juan Ridge Volunteer Fire Department, the U.S. Forest
Service, the Bureau of Land Management, the California Department of
Forestry, and the really local citizens with their Yuba Watershed Institute.
There have been several little fires my family and I took care of ourselves. Like
one time a tree only a few hundred feet from the house took a lightning strike,
and the lower trunk and forest floor around were quietly burning. I saw the
flickering light against the window. At 3:00 a.m. we went out and doused it
with our backpack pumps, and went back to bed. We checked it again and
doubled the width of the fire line at dawn.

I fought on a few fire lines back in the fifties, too—as I was working alternately in logging camps and on lookouts or trail crews. I’d be carrying the little
backpack pump full of water with its trombone-slide handle, and always toting a duff hoe. Fire in the very high mountains is most commonly caused by
lightning. A lively lightning storm passes over, lasts all night, and hundreds of
strikes are visible. Flashes light up the whole sky with their distant forks and
prongs. Every once in a while a strike goes to ground, and even from a distance you can see a little fire blossom and bloom where it has started a spot
fire, becoming a distant light that usually soon is quenched (rains come with
storms). A dry lightning storm is what’s dangerous—you might have hundreds of spot fires going at the same time. A few of those would still be going
at dawn, and you’d take a reading on them with the Osborne Fire Finder, then
radio in the bearing and describe the drainage. Fifty years ago, the crews hiked
in with the help of a pack string. There were only a few smokejumpers then.

Those of us who live in the actual wildland interface know and respect the
public land agencies. But in the last decade some sort of semiretired population of right-wing suburbanites has also moved into the lower elevations, many
of them expecting their neighbors to be like minded. This faux-conservative
ideology includes a habit of nasty attacks on the county land use planners,
animosity in principle against the Forest Service (and especially biologists!),
and a deep distrust of the California Department of Forestry because they
require “logging plans” and also they might want you to clear more brush
around your house for fire safety reasons—“but it’s PRIVATE PROPERTY,”
gasp! And some of them have convinced themselves that the volunteer fire department is secretly run by former hippies. All is not bliss in the rural counties.
I say “faux conservative” because true conservatives believe in conservation.

world history. My readings on native California cultures, and then doing
backcountry trail crew work for Yosemite National Park, helped me realize
that fire was not an enemy but should be a partner. The huge Sierra Nevada
range, from the timberline high country down to the oak-and-grass foothills,
is all one big fire-adapted ecosystem, and a century of fire suppression—
mostly the government’s idea—has somewhat messed things up. I wrote the
following poem in 1971:

ber. In summer 2002, the Biscuit Fire in southwest Oregon swept over half a
million acres, largely in the drainage of the lower Rogue. It got national coverage. Next came the always-contentious plans for “salvage logging.” The media
fell into line, and much of the public has been sweet-talked into thinking cutting merchantable trees contributes to “forest health.”
Three points: First, that media reporting on wildfires is usually off the mark.
It rarely tells us whether the fire is in brush, grass, or forest, and if in forest,
what type. TV reporting might say “ten thousand acres were destroyed,” when
the truth is that fire intensity is highly variable, and islands of green, patches
of barely scorched trees, and totally scorched stands create what foresters
might well call a healthy mosaic. A good percentage of Oregon’s Biscuit Fire
was probably a good thing.

Control Burn
What the Indians
here
used to do, was,
to burn out the brush every year.
in the woods, up the gorges,
keeping the oak and the pine stands
tall and clear
with grasses
and kitkitdizze under them,
never enough fuel there
that a fire could crown.

Second, as for the intensely burned areas, the outstanding forest ecologist Jerry
Franklin had this to say in his “Comments” on the Draft Environmental
Impact Statement for the planned recovery project in the Rogue River National
Forest’s Biscuit Fire area:
Salvage logging of large snags and down boles does not contribute to
recovery of late-successional forest habitat; in fact, the only activity more
antithetical to the recovery process would be removal of surviving green
trees from burned sites. Large snags and logs of decay resistant species,
such as Douglas-fir and cedars, are critical as early and late successional
wildlife habitat as well as for sustaining key ecological processes associated with nutrient, hydrologic, and energy cycles.

Now, manzanita,
(a fine bush in its right)
crowds up under the new trees
mixed up with logging slash
and a fire can wipe out all.

and

Fire is an old story.
I would like,
with a sense of helpful order,
with respect for laws
of nature,
to help my land
with a burn, a hot clean
burn.
(manzanita seeds will only open
after a fire passes over
or once passed through a bear)

Slow re-establishment of forest cover is common following natural standreplacement disturbances in the Pacific Northwest. . . . This circumstance
provides valuable habitat for early-successional species, particularly animals that require snags and logs and diverse plant resources, and for
many ecosystem processes. Fifty years for natural re-establishment of
forest cover is not a particularly long period; many 19th and early 20th
century burns are still not fully reforested.
and finally,
In fact, naturally disturbed habitat that is undergoing slow natural reforestation—without salvage or planting—is the rarest of the forest habitat
conditions in the Pacific Northwest. Yet, it is increasingly evident from
research, such as at Mount St. Helens, that such large, slowly reforesting
disturbed areas are important hotspots of regional biodiversity.

And then
it would be more
like,
when it belonged to the Indians

—January 20, 2004

Before.
—from Turtle Island, 1974

In 1954 I was working as a choker setter on a logging crew at the Warm
Springs Indian Reservation in Oregon. A light plane crashed in the nearby
hills and started a fire. They drafted a bunch of us off the crew and we hiked
in, along with some Forest Service boys; half of our logging crew were local
Wasco and Warm Springs Indians. The fire had spread to about two acres,
but it was slow, and overcast and finally drizzly, so it wasn’t hard to put it
out. The pilot had been killed.

Back to fires: When there’s a suspicious smoke, the spotter plane takes off and
cruises over, and if it’s not just somebody’s transgressive brush pile, tanker
bombers might go out on it right away. If it looks needed, the bulldozer trailer
hauler will start moving in that direction. CDF stations are staffed with crews
all summer. They have admirable fire trucks, and they’ll be there pronto. Still,
in a place maybe 25 miles or more from a fire station, if there’s a fire started,
you’re the one to hold it in check and maybe even get it out.

Fifty years later, I have three of that same type of backpack pump, all in good
condition, under the eaves near the tool shed door. They are filled with water
and kept covered with cloth to protect them from the sun. A duff hoe (called a

I had an education that pulled together a combination of labor in the woods
and on the farm, U.S. Forest Service seasonal work, and a college major in
native North American ethnology with a good dose of art, philosophy, and
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This is bold and visionary science, and contains the hope that both the Forest
Service and the forest industry might learn to slow down and go more at the
magisterial pace of the life of a forest. The bottom line for all talk of forest
sustainability is holding to an undiminished quality of soil and the maintenance of the entire diverse array of wildlife species in full interaction. In earlier times, no matter what the bug kills, fires, or blowdowns, the ecosystems
slowly and peacefully adapted and recovered. After all, until recently the entire
Human Project too was a lot more leisurely and measured.

—Nowadays they would call it a “prescribed burn” instead of a “control
burn”—and it’s true you can’t always control it. The “Indians” in this particular “here” were the Nisenan.
The Tahoe National Forest boundary is just a few miles east of where we live.
From there and over the Sierra crest clear to Nevada it is a checkerboard of
public land and Sierra Pacific Industry lands, section by section. A 28,000acre fire went through there in early fall 2001. Recovery and salvage logging
arguments have been divisive, and the Washington, D.C., agriculture brass
has been putting pressure on the Forest Service line officers to cut more tim-

The third point, then, is: We shouldn’t use a forest fire’s aftermath as a cover
for further logging. What’s called “salvage logging” should be prudent, honest, and quick. The “quick” part is difficult to achieve though, because the
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U.S. Forest Service has a miserable record of not being clear and aboveboard
about its motivations and practices, and the skeptical environmental critics
are always planning to take the Forest Service to court, so almost any recovery
plan tends to end up in appeals.

then slow it down with a chunk of green oak. Those are old kitchen cooking
tips I learned orally from elders.
We use a short-handled hatchet, a graceful slender-handled Hudson Bay ax, a
full-length poll ax, and a double-bitted ax for specific tasks. For green wood
bucking there’s a swede saw, a two-man saw, a small Stihl chain saw, and
the big Husqvarna chain saw. For limbing the trees up there are two polemounted pruning saws. For splitting, use the double jack with a 10-pound
head, and a set of wedges. Also a 12-pound maul. You need at least five wedges
for going at it: two for working a round from the top, and at least two more for
opening it on the sides when it gets sticky. I’ve used hydraulic splitters too, and
they are fast, but there’s a lot of setup time. Every year we put five or six cords
of oak and pine into the woodsheds, all of it from down and dead trees, and no
sign of it ever running short. New trees grow, old trees drop, spring after spring.

Here in the Sierra we live with the threat of fire six months of the year—miles
of forest stretching in every direction from our clearing. Over the last 35 years
we’ve taken out the biggest manzanita for several hundred yards, and thinned
out a bit of the pine, oak, and madrone canopy. But any fire with enough wind
behind it to crown could still overwhelm our little place—four outbuildings, a
small barn converted to a seriously useful library and gear room, and a 1,700square-foot handmade house—and hundreds of square miles beyond.
I saw, and most of my neighbors saw, that our hand clearing work was too
slow, and that prescribed burns also too slow and chancy. Even so, it was a
big step to let a big tracked excavator with the “brontosaurus” thrasher head
go down our ridge through the oak and pine woods, crunching all the oldgrowth manzanita (leaving the pine and the oak) and spitting out wood
shards everywhere, leaving big tracks in the duff. This for a fuel break to
help slow down a wildfire: not just for my place, but for all the forests to the
north of me, on both private and public land.

•••
The firebreak is in. Sixteen acres of forest and brushland were thinned and
brushed, in a long skinny swath, with some watershed improvement and firefighting funds helping pay the bill.
But there will always be brush piles too. Year after year in the Sierra summer,
we work with ax and saw taking off limbs and knocking down manzanita,
ceanothus, and too-dense pine, fir, or cedar saplings. We drag the limbs and
little trees and pile them in an opening. When it gets to be fall, we scythe or
duff-hoe back the weeds around them, and make a mineral-earth fire line to
be ready for winter burning. (Bailey’s in Laytonville sells wide rolls of tough
brown paper to put over your brush piles, and this will keep them dry through
the first sprinkles of fall rain so that they’ll light more easily. Since it’s paper
you won’t be burning the quickly shredding black 4-mil plastic.)

Looking back on it later and recalling travels in the Chobe Forest of Botswana
in the early nineties, I can see it’s not unlike the way the mopane groves look
after a herd of elephants has browsed through, breaking limbs and thrashing
the trees to get the leaves. Mother Nature allows for a bit of rough sex, it seems.
Our balance here with this mostly wild ecosystem is the same balance that we
would hope for the whole North American West. We’d like to see the forests be
a mix of mature and all-age trees cleared out or underburned enough to be
able to take the flames when they do come, and big and diverse enough to
quickly recover from all but the very worst fires. This is doable—but it sickens
one to see whatever clueless administration that is passing through use fear of
fire to warp public policy in favor of more exploitation, more industry, and
more restrictive law. It is an exact parallel of the use of “terrorism” to warp
American values and circumvent our Constitution to justify aggressive foreign
policy and to promote again the sick fantasy of a global American empire.

You have to look for proper burning weather, just as with prescribed burns.
Not too dry, not too windy, not too wet, not too hot. The very best is when
you’ve had dry weather and can now see the rain clouds definitely coming. It
has been a good burn day when the big pile burns to the ground and is still
hot enough to keep burning up limb ends from around the edges when you
throw them back. Then comes the rain, but still it all burns to ash. No further
spreading or underground simmering can take place.

Fire can be a tool and a friend. I’ve always cooked on wood, outdoors and in.
For several decades we had an open firepit in the center of the house—for
heat, and for keeping a big hanging iron water kettle hot. The kitchen range
was made in St. Louis in 1910 with curvy floral art nouveau motifs. There’s
also an outside kitchen area with a stone fire circle with forked sticks and
crossbar, iron cookpots neatly hanging; a wood-fired sauna bath with a woodburning stove from the Nippa Company of Bruce Crossing, Michigan—last we
heard, the only company still making wood-burning sauna stoves in North
America. My sons and daughters learned kindling splitting, fire laying, and
feeding the wood as part of daily life.

One late November day, I stand by a 12-foot-high burning brush pile, well
dressed for it, gloves and goggles, face hot, sprinkles of rain starting to play on
my helmet, old boots that I could risk to singe a bit on the embers. A thermos
of coffee on a stump. Clouds darkening up from the west, a breeze, a Pacific
storm headed this way. Let the flames finish their work—a few more limb
ends and stubs around the edge to clean up, a few more dumb thoughts and
failed ideas to discard—I think: this has gone on for many lives!
How many times
have I thrown you
back on the fire

Now that the center firepit is gone, the main heating stove’s an Irish Waterford with a round stone watchtower (for Vikings?) as its symbol, cast into a
side panel. The other’s a Danish Lange. Along one side it has a cast bas-relief
of a stag with a crucifix between its antlers. The kitchen range: You start the
fire going with some dry pine splits, then slip in dry oak to stabilize it and
bring the heat up. If needed, you can flash the heat up higher with more pine,

South Fork Yuba River, Sierra Nevada, California.
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INTRODUCTION
Fire-Adapted Landscapes

A

merica’s landscape is shaped by fire. Fire helps to maintain the tallgrass prairies in the Midwest, the open beauty of the southwestern
ponderosa pine forests, and the grass and chaparral that cloak California’s golden hills. Fire-recycled nutrients create new wildlife habitat, and
fire helps to break apart rocks to form new soil. Fire even influences landscapes we may not at first believe to have had their origin in blazes. The wet
redwood forests of California and the Douglas-fir forests of the Pacific Northwest may not appear to be fire-dependent ecosystems, yet both of them are
influenced by fire.

wildland-urban interface. The authors argue that these fires are chiefly driven
by extreme wind conditions, not fuels, and that unlike many western forests,
where fire restoration is needed to reduce fire hazard and return natural processes, California shrublands need greater protection from an increasing
onslaught of fires, fuel modification at the wildland-urban interface, and better land use planning.
Dominick DellaSala then provides an overview of fire in the Klamath-Siskiyou
ecoregion along the California-Oregon border, an ecosystem that has largely
been shaped by fire. He discusses how logging and fire suppression, acting
alone or together, have transformed the fire mosaic of this biologically diverse
area from fire-adapted systems to fire-prone landscapes, priming the fire
pump for uncharacteristically severe wildfires.

Not all ecosystems are influenced to the same degree by fire, nor in the same
way. These differences are important in determining public policy toward fire.
To that end, this section presents stories and studies that provide an overview
of how fire interacts differently in a variety of landscapes.

Tom Ribe tells the story of fire in the Southwestern ponderosa pine forests of
New Mexico and Arizona. Here, frequent but low-intensity blazes have crept
through the understory of grasses, killing most of the younger trees and eliminating competition for the larger mature trees, with the result that standreplacement crown fires are rare events.

In the first essay, I look at the 1988 blazes in Yellowstone National Park that
ultimately rejuvenated its landscape. The Yellowstone Plateau is dominated
by lodgepole pine forests, which throughout time have been characterized by
stand-replacement blazes that kill most of the mature trees. Today, Yellowstone has a vigorous even-aged forest that will set up the park for the next
big blaze years from now.

Most people do not think of the East as fire-prone, and for the most part it is
not, but some of its ecosystems are largely shaped by fire, including the piney
woods of the South and the red pines of the Great Lakes states, among
others. I provide a brief look at these fire landscapes.

In contrast to the stand-replacement fire regime of Yellowstone, the forests of
California’s Sierra Nevada—perhaps the most diverse and beautiful in the
United States—are characterized by a variety of fire regimes. The majority of
these forests experience what are known as mixed-severity fire regimes—that
is, a mosaic ranging from light burning of the understory to crown fires that
may kill all trees in an area. In his essay, Jan van Wagtendonk speaks of the
Sierra as “forests born to burn,” yet decades of fire suppression have changed
their fire regime, resulting in the thickening of forest stands and the dangerous accumulation of fuels.

Restoration of fire to an ecosystem requires a good understanding of the factors that influenced past fire return intervals and intensity. Tom Swetnam and
his colleagues examine the value of applied historical ecology—using the past
to manage for the future. They recommend that multiple techniques from
across a region be used to accurately describe past fire regimes and to develop
appropriate restoration models.

Next, Jon Keeley and CJ Fotheringham examine southern California chaparral
wildfires, large, high-intensity fires that frequently threaten dwellings at the

Lastly, Terry Rich discusses how fires affect one wildlife guild—birds. Birds
are among the most visible wildlife and thus offer accessible examples of how
fire influences wildlife species.
Across the country, the timing, intensity, and size of any particular blaze is
strongly influenced by present vegetative communities, past fire history,
regional climatic conditions, and topography. As a consequence, broad characterizations often do not represent unique fire patterns in certain regional
landscapes. Like the quip that all politics are local, all fire regimes also depend
on local conditions.

42–43: Aspen regeneration after fire, Alaska Range, Alaska.
Opposite: Wildflowers along Yellowstone Lake, Yellowstone
National Park, Wyoming, one year after a 2003 fire.
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THE YELLOWSTONE FIRES
OF 1988
A Living Wilderness
George Wuerthner
The 1988 fires in Yellowstone National Park captivated the
nation with numerous reports that the park was
“destroyed” and that somehow the large blazes were the
fault of Park Service management. But large standreplacement fires are the norm for the lodgepole pine forests
that dominate Yellowstone and occur whenever drought
combines with high wind—the conditions prevailing in
Yellowstone the summer of 1988.

Y

ellowstone National Park is an internationally known icon. The 2.2million-acre park lies at the core of the 28-million-acre Greater Yellowstone Ecosystem.1 Established in 1872, Yellowstone was the first national
park in the world. It is one of the few parts of the West that have never undergone
commercial cattle grazing. It was the first place where the nation sought to save
an endangered species (wild bison) from extinction, and was later central to the
recovery of regional populations of grizzly bear and gray wolf. Yellowstone was
also the first place in the country where underground water sources for thermal
features were given protection from exploitation.

The large fires that ran across the Greater Yellowstone Ecosystem in the summer of 1988 were the largest in the region since the great 1910 blazes that
burned more than 3 million acres in northern Idaho and western Montana.
Because of their dramatic size and Yellowstone’s international stature, the 1988
fires captured public attention and media headlines. The fires, collectively called
the Yellowstone Park Fire by the media, actually involved more than eight
major blazes and many smaller ones.2 The eight largest blazes—known as the
North Fork, Fan, Hell Roaring, Storm Creek, Clover-Mist, Red Snake Complex, Mink, and Huck fires — were unprecedented in size, larger than any
previous blazes experienced by park visitors in recent history, though well
within the norm for the ecosystem. The North Fork blaze, for instance, ran
across 531,182 acres.3 In total, more than 2.2 million acres in the Greater
Yellow-stone Ecosystem burned, with about 793,000 of these acres (36 percent) within Yellowstone National Park borders.4
The park’s fame, combined with the unprecedented size of the fires, impelled a
major firefighting effort. At the height of the fires, more than 9,000 firefighters

Upper Gallatin River beneath the Gallatin Range, Yellowstone
National Park, Wyoming, 14 years after the 1988 fires.
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were employed in the park, including more than 4,000 military personnel. By
November, when the last flame was extinguished, over 25,000 firefighters had
been deployed at one time or another to contain the blazes, and more than $120
million had been spent.5 Some 665 miles of hand-cut fire lines and 137 miles of
bulldozer lines had been constructed in a vain effort to control the blazes.6
Most media accounts portrayed the burned park and surrounding lands as a “natural disaster” that “devastated” the park’s beauty and natural environment.7
There was little attempt to put the fires in an ecological context, and most media
sources were nearby residents and businesspeople, not fire ecologists or others
with an understanding of fire’s role in the ecosystem. In a study of 589 media
reports about the fires, journalism professor Conrad Smith found that only 29
included ecological information in the first three paragraphs.8
The news media and many politicians asserted that Yellowstone had been “damaged,” “devastated,” or “destroyed” by the massive fires.9 However, standreplacement crown fires are the norm for the lodgepole pine forests that dominate
Yellowstone.10 Low-intensity/high-frequency fire regimes, such as those found in
ponderosa pine forests, can be suppressed under most circumstances.11 Standreplacement crown blazes are difficult to stop, however, and impossible to control
when terrain, weather, and wind act in concert.
Some critics maintained that prescribed burns or fires purposefully set during
less severe conditions could have reduced fuels and thus prevented the large
blazes of 1988. But modeling by fire researcher James Brown of the U.S. Forest
Service Intermountain Research Station concluded that prescribed fire is impractical for Yellowstone. In most years, few if any acres would burn in the park’s
forested areas because of the naturally moist summer conditions, and the window for any prescribed burning would be extremely small—generally the month
of August, when visitation to the park is greatest. Furthermore, prescribed burns
would need to blaze across 50,000 acres a year every year for decades to have
any effect on fuel loading.12
Contrary to media hysteria about what reporters deemed the Park Service’s “let
burn” policy, most of the 1988 fires were fought from their inception, including
the North Fork Fire, which began when a woodcutter tossed a cigarette just outside the park borders, starting what eventually became the single largest fire of
that summer. Nevertheless, media coverage of the Yellowstone 1988 blazes had
a chilling effect on wildfire policy throughout the country. For instance, in 1988,
26 national parks, including Yellowstone, had prescribed natural burn policies
that permitted naturally ignited fires (most lightning caused) to burn under
specific prescribed circumstances. After 1988, most such fire programs were
weakened or canceled. The average annual acreage burned on national park
lands fell from 32,135 acres per year in 1983–1988 to 3,708 acres per year
in 1990–1994.13 As of 2005, suppression of fires is the norm, even on national
park lands and within wilderness areas, where natural ecological processes like
wildfire are supposed to be given a free hand.
The truth about the 1988 fires is that Yellowstone was not “damaged,” “devastated,” or “destroyed” by these blazes; rather, the park and the Greater Yellow-

Wind-driven fire, Blacktail Deer Plateau, Yellowstone
National Park, Wyoming, 1988. Wind is the key factor
in the rapid spread of large blazes.
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stone Ecosystem were rejuvenated and restored by wildfire. Indeed, the 1988
fires demonstrated that Yellowstone was still functioning properly and could
accommodate landscape-scale disturbances.14
The History of Fire in Yellowstone
On most federally managed lands, fire was initially viewed as a threat. Yellowstone’s creation as a national park in 1872 resulted in few immediate changes in
management. The National Park Service and its ranger force were not established
until 1916, and at first Yellowstone was largely neglected, with little human intervention in processes like fire. In 1886, the U.S. Army was deployed to the park to
patrol and protect the park features. This work included the suppression of fires.
Fire suppression continued after the National Park Service took over management of the park from the army in 1916. However, records of fires suppressed
were limited to occasional ranger reports until a formal record system was established in 1931. In that summer, an 18,000-acre blaze reinvigorated the area
around Heart Lake. This blaze was eventually quelled by rain, not firefighters. It
was only after World War II that equipment improvements and modern air transport made parkwide suppression of fires effective. Yet just as fire suppression
activities were becoming effective, major philosophical changes within the Park
Service led to questioning the wisdom of putting out all blazes.
Beginning in the 1930s, ideas about park management began to change from
interventionist management to guardianship of natural processes. One of the first
modifications in management resulting from this shift was the termination of the
park’s predator control policies. In the 1960s, Yellowstone stopped feeding bears
along roadsides and at garbage dumps in an effort to force the bears into more
natural feeding and travel patterns. About the same time, the park also terminated fish stocking and instituted preservation of native fish populations.
Along with all these other philosophical and management changes, park ecologists called into question the continued suppression of fires. Recognizing that
fire had an important role to play in the ecosystem, Yellowstone was one of the
first national parks to establish and implement a fire program that permitted
lightning-caused wildfires to burn without an immediate suppression response.
In the first 16 years (1972–1987) of this new fire policy, only 15 Yellowstone
blazes grew larger than 100 acres. And the single greatest acreage that burned
in any one year during the period this policy was in force was only a bit more
than 20,000 acres.
The dearth of large fires in Yellowstone during those years contributed to the
sense that the fires of 1988 were “abnormal.” However, research done in the park
before and after the fires demonstrated that large stand-replacement blazes are
typical for this ecosystem. Ecologists Bill Romme and Don Despain’s study of
320,000 acres in Yellowstone’s subalpine forests found that fires burned in this
region on average every 300 to 400 years. Indeed, they found that less than 10
percent of the watershed had burned in the previous 350 years, with the last major
fires occurring between 1690 and 1740.15 A more extensive 17,000-year fire history of the park, reconstructed through study of charcoal and pollen from lakebed

Understory of subalpine fir in a lodgepole pine forest. Understory
trees such as these act as “ladder fuels,” carrying flames into
the forest canopy as part of the natural wildfire process in this
ecosystem. Snowmelt keeps the forest moist through most
summers, helping to prevent wildfires.
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samples, found that periodic large blazes are completely normal 16 and well within the expected “historic range of variability.” And research on charcoal found in
debris flows (sediments washed down from the mountains by intense thunderstorms) within the park confirmed that stand-replacement fires are common.17
Indeed, Yellowstone’s basic ecology is driven by large wildfires.18
Fire Ecology in Yellowstone
Yellowstone Park is composed primarily of volcanic rock, erupted by numerous
volcanoes over the centuries. Indeed, the central portion of Yellowstone is an
immense collapsed caldera more than 45 miles across.19 This volcanic history
profoundly influences vegetation in the region. Greater Yellowstone Ecosystem
soils formed from andesite have a higher nutrient level and better water-holding
ability than the coarser-textured, nutrient-poor rhyolite-based soils that are also
common here.20 Consequently, different forest communities are found on these
soils: lodgepole pine tends to dominate the drier rhyolite-derived soils, whereas
spruce-fir communities develop into old-growth forests on soils formed from
andesite.21 Forests on good soils developed from andesite bedrock produce more
fuels than those on poor soils developed on rhyolite, yet rhyolite is the most common bedrock in the park. The limited fuels, particularly on rhyolite soils, contribute to the “asbestos” reputation of Yellowstone’s forests.
The abundance of lodgepole pine also affects fire behavior in the park. Lodgepole
pine forests are slow to accumulate litter that promotes blazes, and self-pruning
of lower branches effectively restricts movement of surface fires into the crowns
of trees. Most of Yellowstone National Park is clothed with dense forests of lodgepole pine. Yet some 60 percent of the forest stands in Yellowstone’s forested habitat would eventually become nearly pure stands of subalpine fir were it not for
fires that favor pine. Lodgepole pine is seral (successional) to subalpine fir; but
because of stand-replacement blazes, most of Yellowstone’s forested habitat consists of pine, not fir.22 In other words, in the absence of wildfire, most of the
Yellowstone Plateau would eventually be dominated by subalpine fir. But this
doesn’t happen, because fire tends to favor lodgepole pine, and lodgepole forests
burn infrequently, creating naturally long intervals between fire events.
Data compiled by ecologist Don Despain 23 show that in the 15 years prior to 1988
—during which Yellowstone managers allowed most wildfires to burn without
suppression—only 16 percent of the blazes grew larger than 5 acres in size; the
vast majority (84 percent) were naturally extinguished after burning only a few
acres. There are good reasons for these observations.
First, crown fires, or stand-replacement blazes, require understory fuels to heat
the crowns of trees to the ignition point. Young lodgepole pine forests have very
little undergrowth and fuel to carry a blaze, in part because the young pines
can’t grow in the shade of mature trees. Subalpine fir, however, is shade-tolerant
and readily grows in the understory of lodgepole pine forests. It also maintains
its lower branches, providing an ideal conduit for flames to travel from the
ground into the tops of trees. In addition, subalpine fir resins are very flammable.
Even a green subalpine fir will burn with gusto under droughty conditions.
However, it takes about 150 years for fir to become established beneath lodge-

Bison feed on lush regrowth along the Madison River, Yellowstone
National Park, Wyoming, following the 1988 fires.
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pole pine, and another 150 years of slow growth before these fir trees are sufficiently large to reach up into to the canopy of the pines.24 For this reason, only
fires in mature lodgepole stands with a good understory of fir are likely to
“crown” and become stand-replacement blazes.
Climate/Weather Influences on Fire Number and Size
Another reason large blazes are relatively infrequent events in Yellowstone has to
do with moisture. In wet years, there are essentially no fires in Yellowstone. Most
of Yellowstone is high country, with an average elevation of 8,000 feet. Snow
comes early and leaves late across much of the park. In some years, snowpack
lingers into June or even early July. As a consequence, soils and fuels are saturated well into summer, and vegetation remains lush and green until late August, by
which time new snow begins to accumulate in higher elevations.
How wet or dry any particular year or series of years may be is related to Pacific
Decadal Oscillations and El Niño effects—patterns of climate variability associated with fluctuating ocean temperatures. When both these effects occur together in the northern Rockies, large fires are likely because of the resulting dry
weather.25 Indeed, large-scale climatic changes over the past 17,000 years have
shown that an upswing in fires accompanies periods of drought, while cooler, wetter summer conditions lead to reduced numbers of fires.26
Conditions Contributing to Big Blazes
Fire intensity and behavior are driven by three main factors: weather, terrain,
and fuels. Of these three, weather is by far the most important. If it’s dry, hot,
and windy, any fire will burn with great fury.27 The summer of 1988 was not
just any summer. It was the driest ever recorded in Yellowstone, with virtually
no moisture during July and August. Relative humidity was below 20 percent
most of the summer and reached a record low of 6 percent at Tower Falls on
August 22.28 The drop in relative humidity dried out park vegetation. By midJuly, the moisture content of grasses and litter on the ground was only 2 to 3
percent, that of down trees 7 percent. By comparison, kiln-dried lumber has a
moisture content of 12 percent. Low fuel moisture caused fires to burn well into
the night instead of “dying down” nightly, as is typical of most blazes under less
severe drought conditions.29
Because of the low moisture content of vegetation and the continuing drought,
the Park Service suspended its prescribed natural fire policies in midsummer.
Beginning July 21, when fewer than 17,000 acres within the park had burned, all
fires were fought as soon as they were detected. In 1988, a total of 248 fires started in the Greater Yellowstone Ecosystem (which includes Yellowstone National
Park and much of the surrounding national forest); 50 of those were in Yellowstone National Park. Only 31 of these were permitted to burn—thus the vast
majority of blazes were fought from their inception,30 and yet more than a million acres were rejuvenated by fire.
However, drought isn’t the only factor that made the summer of 1988 exceptional in recent memory. A key ingredient for large blazes —assuming the presence of

Thunderhead over Bunsen Peak ( far right), Yellowstone National
Park, Wyoming. Lightning was the dominant ignition source for
the Yellowstone fires of 1988.
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an ignition source like lightning—is wind.31 The1988 Yellowstone fires demonstrated how critical wind and regional drought are to the development of large
blazes.32 Though older stands of lodgepole with understory of subalpine fir are
more likely to crown and burn than younger stands, that generalization did not
hold in the summer of 1988: high winds that blew across the Yellowstone Plateau
pushed flames through all forest age classes.33
What many citizens did not understand, and what media accounts often did not
reflect, is how much regional climatic and local weather conditions influenced
and affected the 1988 fires—as they do all large fires. Low humidity, even at
night, joined with high winds to advance the flames, throwing firebrands as much
as a mile in advance of fire fronts and torching new fires. Nearly half of all acreage
affected by the fires occurred on just four days when winds were exceptionally
high. For instance, on August 20, high winds pushed the fires across 150,000
acres in a single day.34 And on September 6 and 7 the Clover-Mist Fire raced 14
miles down Jones Creek just east of the park border and burned 37,000 acres.35
Unfortunately, the public has been led to believe that modern firefighting techniques and equipment can control fires. This is true under ordinary fire conditions; however, when drought and wind coincide, the best firefighters can do is to
get out of the way. Close scrutiny of media and official reports shows that the
majority of big blazes are contained when weather conditions change. One Yellowstone firefighter unwittingly revealed this connection when he noted in his
official report on a fire fought in the 1930s: “Finally got the fire under control—
had a hell of a time breaking camp in the rain.” In 1988, it was again a change in
the weather that finally brought the fires’ spread to a halt when, on September
11, snowfall, not firefighters, brought the blazes under control.

1988

1989

2003

2004

Effects of Fire on Yellowstone
Despite the huge acreage affected, very little long-term damage was incurred
by the park and its facilities. Some 67 structures were destroyed, but wildlife
casualties were relatively light, given the magnitude of the fires: only 345 elk (of
an estimated 40,000–50,000), 36 deer, 12 moose, 6 black bears, and 9 bison
died as result of the fires.36 The enduring drought and its effects on plant growth
actually had a greater impact on park wildlife than the fires. Measured summer
forage production in 1988 was less than 50 percent of normal years.37 Far
greater numbers of large mammals starved because of reduced forage production than died in the blazes.
Researchers also studied the effects of the fires on watersheds and fisheries.
Initially the loss of vegetation caused significant sedimentation and debris flow
into park streams and rivers. However, such debris flows must be viewed within
a historical context. Sedimentation records from the Holocene to the present
show that approximately 30 percent of the deposits in alluvial fans are the
result of past fires.38
The loss of forested cover increased solar radiation and snowmelt in affected
drainages and led to higher runoff, but overall, the effects on peak flows in major
park rivers were slight. Measurement of flows on the Yellowstone River at Corwin

Revegetation of the area beneath Bunsen Peak, Yellowstone
National Park, Wyoming, following the 1988 fires.
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Springs, Montana, just outside the park, showed an increase of only 4 to 5 percent. However, the loss of tree cover and subsequent reduction in tree use of soil
moisture led to an increase in summer and fall flows—a time when water flows
are critical to fish populations.39 The loss of vegetation also led to higher soil erosion levels. However, erosion generally peaks within 10 years of a blaze, as vegetation reclaims the site, and much sediment is trapped behind fallen logs.40
Crown fires like those in Yellowstone also create what is termed “coarse woody
debris.” These logs are very important to postfire recovery. When they fall across
a slope, they trap sediment. When they fall into a stream, they stabilize the banks
and slow the velocity of water, reducing flood-induced channel erosion. They also
are important habitat for fish. Furthermore, these snags and logs are a long-term
resource that may last up to 100 years after a fire. A comparison with clearcut
sites in Wyoming found that logged sites provided 50 percent less coarse woody
debris than unlogged sites,41 a fact with important implications for postfire salvage logging proposals.
The fires were found to have minimum impact on fish, except in the smallest
drainages, and within a year, fish populations reestablished themselves in streams.
No effects on fisheries in the larger rivers in the park were observed.42 The longterm effects of the fires on the park’s meadows and grasslands were minimal.
Since heat from fires rises, most plant roots are protected by soils. Hence, grasses
and flowers in meadows were unaffected by the blazes. Indeed, in years following
the fires, spectacular wildflower displays were evident in these areas.
Forested areas have also seen regeneration of new trees. Lodgepole pine is well
adapted to the Yellowstone fire regime. Since it has a thin bark that provides
little protection against blazes, most mature lodgepole are killed by fire, except
in the lowest-intensity burns. However, they possess several attributes that permit them to readily compete and colonize burned sites.43 Most lodgepole pines in
Yellowstone have serotinous cones. Waxy coatings on the scales hold seeds inside
the cones—sometimes for up to 75 years. When heated, the cone scales open,
releasing the seeds. Although the degree of serotiny varies across the Yellowstone
landscape,44 and from region to region (e.g., serotiny is less common in Sierra
Nevada lodgepole forests), as a generalization, fire improves seed cast and recolonization of lodgepole pine forests. Few severely burned sites were far from potential seed sources. Studying the aftermath of the Yellowstone fires of 1988,
researchers found the majority of severely burned areas were within 600 feet of
unburned or lightly burned areas.45 Nearly all forested areas in the park are in
varying stages of reforestation.

1988

1989

2003

2004

In the Yellowstone region, fires also played an unexpected role in the establishment of new aspen clones.46 Prior to the Yellowstone fires, aspen were thought to
only reproduce in the Rockies via sprouting from existing root systems, creating
genetically identical clones. Aspen seeds are tiny and have almost no food
reserves. They require bare mineral soil and high soil moisture to successfully
germinate. In most places where such moist conditions are found, existing vegetation precludes any seedling establishment. However, immediately after the
large blazes of 1988, new aspen seedlings were observed throughout the Yellowstone Plateau, often far from any known root source or existing aspen grove. It is

Vegetation regrowth on Swan Lake Flat, Yellowstone
National Park, Wyoming, following the 1988 fires.
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thought that the severity of drought and large extent of the fires burned away litter in moist areas that normally would not burn—except under severe fire conditions. And these areas became prime sites for aspen seedlings to successfully
colonize.47 As in the past, many of these aspen shoots were browsed by elk,
moose, and other mammals; however, in yet another ecological benefit of
the blazes, as trees killed by the fires began to fall, they created barriers to
browsing that may allow the establishment of new aspen stands throughout the
park over time.48 (The reintroduction of wolves in Yellowstone National Park—
which keep the elk and moose moving—is also theorized to have benefited aspen
establishment and regeneration.)
Another effect of the large blazes that raced across Yellowstone was the increase
of heterogeneity in the vegetative landscape. Fires rarely kill all trees across the
landscape, even in stand-replacement blazes. Rather, the fires hop and skip across
the landscape—as a consequence of topographical and terrain features, wind patterns, time of day when the fire moved through the area, and fuel loading, including stand age—to create a mosaic of unburned, lightly burned, and severely
burned patches.49 Since younger stands of lodgepole pine have lesser amounts of
fine and ladder fuels than older more mature stands, past fires can influence
where, when, and how intense future blazes will burn.50
Yellowstone as Preserver of Wildfire
While park protection is critical to preservation of wildlife, geothermal features,
and scenery, what Yellowstone does better than nearly any other landscape in the
temperate world is to protect the wild—the wild in fire and the wild in the landscape. Fire is to the Greater Yellowstone Ecosystem what the wolf is to Yellowstone’s elk herds—a major evolutionary force that maintains the wild nature and
ecosystem integrity of the park. And just as with the wolf, which is critical to the
wild behavior and nature of its prey, if we are to truly preserve wildness as an
essential element of the landscape, then we must provide space for wildfire to
“live” unimpeded with a minimum amount of interference from humans. In the
Greater Yellowstone Ecosystem we have such a space.

Even the presence of lakes and rivers cannot stop
blowing embers from expanding fires. The Yellowstone fires of 1988 jumped this section of Yellowstone
Lake, Yellowstone National Park, Wyoming.
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FIRE ECOLOGY OF THE SIERRA NEVADA
Forests Born to Burn
Jan W. van Wagtendonk, Ph.D.

Fire always has been and always will be an ecological force in the Sierra Nevada. Decades of fire
suppression have changed this role, allowing stands to thicken and fuels to accumulate, especially in the
foothills and lower montane zone, where developments are increasing. We can either manage and live
with fire on our terms or let fire dictate the terms. The choice is ours.

J

Jan W. van Wagtendonk has spent over three decades in Yosemite
investigating the role of fire in Sierra Nevada ecosystems. Summers as a
hotshot firefighter and smokejumper in Oregon and Alaska convinced him
of the folly of total fire exclusion. Building on this experience, he obtained his
Ph.D. at the University of California, Berkeley, studying under Dr. Harold
Biswell, the father of California fire ecology. He has published extensively
and has served on several federal fire policy reviews.

ohn Muir named the Sierra Nevada the Range of Light; a better name
might have been the Range of Fire. Fire has been an ecological force
in the Sierra Nevada since the retreat of the glaciers over 10,000 years
ago. Flammable fuels, abundant ignition sources, and hot, dry summers
combine to produce conditions conducive for an active fire role. While this
role has varied over the millennia as these factors, especially climate, have
changed, fire continues to be a significant ecological process today, shaping
the vegetation and other ecosystem components. In order for humans to
coexist with fire, land management activities must include the use of fire
along with traditional suppression activities.
Physical Geography
Extending for more than 400 miles along the eastern side of California, the
Sierra Nevada form a massive westward-sloping block with a steep eastern
escarpment. This block of the earth’s crust broke free along a bounding eastern fault line and has been uplifted and tilted.1 The relatively moderate western slope of the Sierra Nevada is incised with a series of steep river canyons,
from the Feather River in the north to the Kern River in the south. As the
mountain block was uplifted, the rivers cut deeper and deeper into underlying
rock.2 Glaciers continued the erosion process by stripping the overlying metamorphic rocks from the granitic intrusions below, exposing large expanses of
the core throughout the range.3 The foothills are gently rolling, with both
broad and narrow valleys. At the midelevations, landforms include canyons
and broad ridges that run primarily from east-northeast to west-southwest.
Rugged mountainous terrain dominates the landscape at the higher elevations,
reaching over 14,000 feet at the southern end of the range.
Climate Patterns
The pattern of weather in the Sierra Nevada is influenced by its topography
and geographic position relative to California’s Central Valley, the Coast
Ranges, and the Pacific Ocean. The primary sources of precipitation are winter storms that move in from the North Pacific and cross the Coast Ranges
and Central Valley before reaching the Sierra Nevada. As the air masses move

Mariposa Grove of giant sequoia, Yosemite National Park,
California. Fire suppression exacerbates the unnatural invasion
of white fir beneath the giant sequoia, affecting the sequoia’s
natural ability to protect itself in fire.
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foothill shrub and woodland

up the gentle western slope, precipitation increases and, at the higher elevations, falls as snow. By the time it has crossed the Sierra Nevada crest, the air
mass has lost most of its moisture, and precipitation decreases sharply.
Precipitation also decreases from north to south, with nearly twice as much
falling in the northern Sierra Nevada as does in the south. Mean annual precipitation ranges from a low of 10 inches at the western edge of the foothills
to over 80 inches north of Lake Tahoe. More than half of the total precipitation falls in January, February, and March, much of it as snow. Summer precipitation is associated with afternoon thunderstorms and subtropical storms
moving up from the Gulf of California.

The foothill shrub and woodland zone covers nearly 6,000 square miles from
the lowest foothills at 500 feet to occasional stands at 8,000 feet, reaching a
maximum extent between 1,000 and 1,500 feet.6 The primary vegetation
types in this zone are foothill pine–interior live oak woodlands, mixed-hardwood woodlands, and chaparral shrublands.
Fire regimes in the foothill zone vary with topography and vegetation. Before
the era of fire suppression, in the lower portions with gentler topography, the
oak grassland savannah areas burned frequently and with low to moderate
intensity. Fire season began in early summer and extended to fall. Steeper
areas dominated by chaparral and scattered trees or pockets of conifers burned
less frequently and with higher-intensity crown fires, resulting in severe effects
to vegetation. These are amongst the driest areas in the Sierra Nevada, with
less than 25 inches of average annual precipitation. Because of the high number of species with fire-enhanced responses, such as vigorous sprouting and
seeds that require heat to germinate, the vegetation overall is resilient to highseverity fires, although shifts in the abundance of different vegetation types
have occurred naturally and as a result of fire suppression.

Sierra Nevada temperatures are generally warm in the summer and cool in
the winter. At one weather station at 5,400 feet in the northern Sierra Nevada,
the maximum normal daily temperature occurs in July at 77 degrees Fahrenheit, while the minimum daily normal of 30 degrees occurs in January. The
record high temperature was 93 degrees in September, and the record low
was 5 degrees in January. Temperatures decrease as latitude and elevation
increase. Relative humidity mirrors temperature, with the normal 10:00 a.m.
relative humidity highest in January at 60 percent and lowest in July at
30 percent. Extremely low relative humidity is common in the summer.
Southwest- and west-facing slopes, particularly those associated with steep
canyons, receive disproportionately large amounts of afternoon solar radiation, making them hotter and drier in the summer than the north-, northeast-, and east-facing slopes. Such high temperatures and low humidities
ensure that fires are able to burn every summer.

lower montane forest
The lower montane forest occupies over 8,000 square miles, primarily on the
west side of the Sierra Nevada just above the foothill zone.7 This forest is
the most prevalent ecological zone in the range. Although some stands may
occur as high as 11,000 feet, the greatest occupied area is between 5,000
and 5,500 feet. Major vegetation types include California black oak, ponderosa pine, white fir–mixed conifer, Douglas-fir–mixed conifer, and mixedevergreen forests. Interspersed within the forests are chaparral stands,
riparian forests, and meadows and seeps.

Wind speeds and direction are variable throughout the Sierra Nevada. During
the fire season, winds are associated with frontal passages, thunderstorms,
and diurnal heating and cooling. Up-canyon winds in the morning are particularly effective in spreading fires as the day begins to warm. At the northern
Sierra Nevada weather station, winds average 7 miles per hour but have been
recorded as high as 70 miles per hour out of the north during October.

Historically, fire was generally frequent in the lower montane zone, with return
intervals ranging from 2 years on average at the landscape scale to 20 years at
the stand level.8 There was noticeable variation in fire pattern with latitude
and elevation, related to shifts in fire season and precipitation. Drier areas
with longer fire seasons experienced the most frequent and regular fires. These
areas are most prevalent in the southern and central Sierra Nevada, as well as
throughout the range on south aspects, ridges, and lower elevations, and tend
to be dominated or codominated by ponderosa pine and California black oak.
Throughout the zone, relatively cooler and wetter sites have had frequent but
less regular fire and are more likely to have a presence or dominance of
Douglas-fir and white fir. Historically, fire patterns and vegetation interactions also varied at fine spatial scales for all portions of this zone. Open or
more variable forest structure likely occurred as a result of more frequent fire.
Not only did fire with different return interval patterns favor different species,
it also affected forest structure by thinning the young trees, leaving a patchier
or more open forest, and selectively retaining larger, fire-resistant trees.9

Lightning is pervasive in the Sierra Nevada, occurring in every month and on
every square mile, with over 210,000 strikes from 1985 through 2000.4 There
are spatial and temporal patterns, however. The highest concentration of lightning strikes occurs just east of the crest in the central part of the range. There
is a strong correlation between the number of lightning strikes and elevation,
with strikes increasing with elevation. Summer afternoon heating of slopes
causes uplift of moist air masses in the mountains and results in the development of thunderstorms. Ridgetops receive more strikes than valley bottoms.
The greatest number of strikes occurs in the afternoon in July and August. At
all elevations, there are a sufficient number of lightning strikes to act as ignition sources for naturally occurring fires.
The Role of Fire in Sierra Nevada Ecosystems
The vegetation of the Sierra Nevada is as variable as its topography and
climate. In response to actual evapotranspiration and the available water
budget, the vegetation forms six broad ecological zones that roughly correspond with elevation.5 These zones are arranged in elevation belts from
the Central Valley up to the Sierra Nevada crest and back down to the
Great Basin. The bands increase in elevation from the northern to the southern Sierra Nevada.
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Fire regimes in the upper montane forests have not been significantly affected by fire suppression. Although the forest receives a proportionally higher
number of lightning strikes on a per area basis than the lower montane forest, fewer fires result.11 Lightning is often accompanied with rain, and the
fuel beds of short needles compacted by the previous winter’s snow are not
easily ignited. Those fires that do occur are usually of low intensity and
spread slowly through the landscape, except under extreme weather conditions. Natural fuel breaks such as rock outcrops and moist meadows prevent
extensive fires from occurring.12 Fire regimes tend to be more variable in frequency and severity than those in the lower montane forest. Median fire
return interval estimates calculated from fire scars range from 12 to 69
years.13 Data from lightning fires allowed to burn under prescribed conditions in Yosemite National Park suggest that in upper montane red fir forest,
the fire rotation—that is, the number of years it would take to burn the forest at the current rate—is 163 years.14 Occasional crown fires occur in red fir
stands, but normally fires spread slowly because of compact surface fuels
and the prevalence of natural terrain breaks.

year record of lightning fires in Yosemite’s alpine zone includes only eight fires,
burning a total of 28 acres, primarily in a single fire.21

eastside forest and woodland
On the eastern side of the Sierra Nevada, Jeffrey pine, white fir, and mixedconifer forests and single-leaf pinyon woodlands cover a total of 1,500 square
miles.22 The zone ranges in elevation from 3,500 to 9,500 feet and is most
prevalent between 5,000 and 5,500 feet.
Fire regimes vary with both vegetation type and landscape location. Historically, the most frequent and lowest-intensity fires occurred in the lowerelevation, open, pine-dominated areas of this zone. On less productive portions
of the zone south of Yosemite, Jeffrey pine woodlands likely had fire regimes
similar to those described for upper montane Jeffrey pine woodlands. In the
Lake Tahoe basin, mean fire return intervals ranged from 22 to 122 years
across sample areas of several acres for Jeffrey pine and white fir stands on the
drier east shore.23 White fir forests occurred in a mosaic, with chaparral on the
more mesic sites on north slopes and at higher elevations. Fire regimes included a greater variety of severities, owing, in part, to less consistent fire intervals
and patterns. The fire season was primarily from summer through fall, with
longer seasons at lowest elevations in open pine forests.

subalpine forest
The subalpine forest zone ranges from 5,500 to 11,500 feet and reaches its
maximum extent between 9,500 and 10,000 feet.15 It includes 2,000 square
miles and consists of lodgepole pine and mountain hemlock forests; limber
pine, foxtail pine, and whitebark pine woodlands; and numerous large meadow complexes.

The History of Fire in the Sierra Nevada
The earliest evidence of the presence of fire in the Sierra Nevada can be seen
in lake sediments over 16,000 years old in Yosemite National Park.24 Charcoal
fragments in sediment cores from seven meadows, from Yosemite south to
Sequoia National Park, occur as early as 10,000 years b.p. and continue to the
present.25 Six separate peaks in charcoal deposits were recorded between
8,700 and 800 years b.p. in multiple meadows some distance apart. Five of
these peaks occurred after 4,500 b.p. Such increases in charcoal abundance
above the background level indicate large individual fires or fire periods.
Charcoal was less prevalent in the early Holocene than in the late Holocene,
suggesting that the climate was drier during the earlier period and that the
forests were too open to carry large fires.26

Although lightning strikes are plentiful in the subalpine forest zone, ignitions
are infrequent, and fire suppression has had little impact. Between 1930 and
1993, in Yosemite National Park’s subalpine forest zone, lightning caused only
341 fires, and those fires burned only 6,000 acres, primarily in the lodgepole
pine forest.16 Between 1972 and 1993, when lightning fires were allowed to
burn under prescribed conditions, only six fires in lodgepole pine grew larger
than 300 acres. When fires occur in lodgepole pine forests, the more prolifically seeding pines replace encroaching red firs and mountain hemlocks.
In areas where lodgepole pines have invaded meadows, fires will kill back
the trees.17 Stand-replacing fires are rare, but when they do occur, lodgepole
pines become reestablished from the released seeds. The fire return interval
in lodgepole pine has been estimated to be several hundred years.18 Data
from fires that have burned in Yosemite’s wildland fire use zone, where lightning fires are allowed to burn under prescribed conditions, suggest a fire
rotation of 579 years.19 In any case, fires are rare and are usually light to
moderately severe.

Fire scars offer another source of documentation for the historical role of fire.
Fire scar records from seven mixed-conifer stands between 4,300 and 5,600
feet on the western slope of the Sierra Nevada, between the Feather River on
the north and the San Joaquin River on the south, indicate that fire return
intervals ranged from 7 to 9 years during the period from 1380 to 1920.27 In a
study area 30 miles west of Lake Tahoe, fire scars dating from 1649 through
1921 showed median fire intervals of between 5 and 15 years.28 Farther
south, in Kings Canyon National Park, fires scarred trees in mixed coniferous
forests between 5,600 and 6,900 feet every 7 years on west-facing slopes and
every 16 years on east-facing slopes.29

alpine meadow and shrubland

upper montane forest

Sitting astride the crest of the Sierra Nevada is the nearly 1,700-square-mile
alpine meadow and shrubland ecological zone.20 This zone extends from 7,000
feet in the northern Sierra Nevada to 14,500 feet in the south, with most of the
area between 11,000 and 11,500 feet. Alpine fell fields—containing grasses,
sedges, and herbs—and willow shrublands are the dominant vegetation types.

The upper montane forest covers more than 4,000 square miles and extends
from as low as 2,500 feet to as high as 11,500 feet.10 It is most widely spread
between 6,500 and 7,000 feet, where it covers 700 square miles. Forests within
this zone include extensive stands of red fir, along with occasional stands of
western white pine. Woodlands with Jeffrey pine and mountain juniper occupy
exposed ridges, while meadows and quaking aspen stands occur in moist areas.

The short growing season produces little biomass, and fuels are sparse.
Lightning strikes occur regularly in the alpine zone but result in few fires.
Weather, coincident with lightning, is usually not conducive for fire ignition or
spread. Fires are so infrequent that they probably did not play a role in the
evolutionary development of the plants that occur in the alpine zone. The 70-

Fire scar records from five giant sequoia groves located from Yosemite to south
of Sequoia National Park confirm the presence of fire in the Sierra Nevada for
the past 3,000 years, with the earliest recorded fire in 1125 b.c.30 Regionally,
according to climate reconstructions determined from a different set of trees,
synchronous fire occurrence was inversely related to annual precipitation
amount. The scars showed that extensive fires burned every 3.4 to 7.7 years
during the cool period between a.d. 500 and 800, and every 2.2 to 3.7 years
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during the warm period from a.d. 1000 to 1300. After 1300, fire return intervals increased, except for short periods, during the 1600s for one grove and
during the 1700s for two other groves.31 Fire-free intervals ranged from 15 to
30 years during the long-interval period, and were always less than 13 years
during the short-interval years.
Ignitions by Native Americans were also a source of fires, possibly as early as
9,000 years ago.32 Native American use of fire was extensive and had specific
cultural purposes, such as cultivating basketry materials.33 It is currently not
possible to distinguish charcoal deposits or fire scars caused by lightning fires
from those caused by Native American ignitions. However, some scientists
have attributed a decline in pine pollen in Yosemite Valley sediments, along
with a simultaneous increase in oak pollen and charcoal in those sediments, to
expanding populations of aboriginal inhabitants 650 years ago.34 Similarly,
burning by aboriginals cannot be ruled out as the cause of an increase in charcoal beginning 4,500 years ago.35 It is reasonable to assume that the contribution of ignitions by Native Americans was significant but that it varied over
the spectrum of inhabited landscapes.36

control to one of fire management.40 As a result, fire was reintroduced to
the Sierra Nevada landscape through programs of prescribed burning and
wildland fire use.41

Although the nature and extent of the unnatural buildup of fuels had long
been recognized, the maps depicting the results of the analysis reinforced this
recognition and communicated the extent and severity of the problem.

For much of the Sierra Nevada, however, fire suppression is still the rule,
resulting in a change in fire regime from less frequent, low-intensity fires to
frequent large fires.42 Fuel accumulations, brush, small trees, and dense forests
produce very different conditions for the inevitable fire that occurs, whether
from lightning or human sources. These landscape-scale changes are characterized by departures from the natural fire return interval—the number of
years between successive naturally occurring fires for a given vegetation type.
Prior to the exclusion of fire, intervals between fires ranged from a few years
in lower montane forests to centuries in subalpine forests.

For prescribed burning operations, the fire return interval departure analysis
is being used to prioritize areas for treatment; those with the highest departure values are being burned first. In the wildland fire use zone, the analysis
highlights areas where intensive monitoring might be necessary because of
unnaturally high fuel accumulations or dense stands. Similarly, the analysis
aids fire suppression operations by indicating where wildland fires might be
expected to be more intense than under natural conditions, and helps to set
priorities for fuel treatments in the wildland-urban interface.

the ecological basis for fire management programs
Interruption of the natural fire regime, reflected in departures from normal
fire return intervals, is a major challenge for Yosemite National Park’s fire
management program.43 Areas that have missed multiple fire return intervals
are more susceptible to stand-replacing wildland fires, which are uncommon
in natural surface-burning fire regimes. The goal of Yosemite’s fire program is
to restore and maintain the natural range of variability in fire regime through
focusing fire treatments on areas with greater fire return interval departures.

The arrival of European Americans in the Sierra Nevada in the mid-19th century affected fire regimes in several ways. Native Americans were often driven
from their lands, and diseases brought from Europe decimated their populations. As a result, use of fire by Native Americans was greatly reduced. During
the 1860s, settlers further exacerbated the situation by introducing cattle and
sheep to the Sierra Nevada, setting fires in attempts to improve the range, and
excluding fires from other areas to protect timber and watershed values.

To analyze fire return interval departures in Yosemite National Park, fire
managers use a geographic information system (GIS) model based on a
method originally developed in Sequoia and Kings Canyon national parks.44
This model combines information on fire history and fire ecology to assess the
ecological condition of all vegetation communities, using departures from the
natural fire return intervals as an indicator of change. The analysis consists
of four steps: (1) vegetation types are defined on the basis of similar fuels and
fire behavior; (2) fire return intervals based on fire scar studies are assigned
to each type of vegetation;45 (3) the number of years since an area last burned
is determined from fire history maps dating back to 1930;46 and (4) departures from the natural fire interval are calculated using the return interval.
Landscape-scale changes in the fire regime are characterized by an analysis
of departures from the fire return interval had fires been allowed to burn naturally.47 In general, the further vegetation communities depart from their
natural fire regimes, the more unnatural conditions prevail and the higher
the risk of the occurrence of a stand-replacement wildland fire that is not
natural to surface-burning fire regimes.

Of all the activities affecting fire regimes, the exclusion of fire by organized
government suppression forces has had the greatest effect. Beginning in the
late 1890s, the U.S. Army attempted to extinguish all fires within Yosemite
and Sequoia national parks. When the Forest Service was established in 1905,
it developed both a theoretical basis for systematic fire suppression and considerable expertise to execute that theory on national forests.37 This expertise
was expanded to the fledgling National Park Service when it was established
in 1916. Fire control remained the dominant management practice throughout the Sierra Nevada until the late 1960s. Fire exclusion resulted in an
increase in accumulated surface debris and density of shrubs and understory
trees. Although the number of fires and the total area burned decreased
between 1908 and 1968, the proportion of the yearly area burned by the
largest fire each year increased.38 Suppression forces were able to extinguish
most fires while they were small but during extreme weather conditions they
were unable to control the large ones.

The analysis showed that 74 percent of vegetation had missed no more than
two median return intervals and is considered to be in acceptable ecological
condition (that is little to no deviation from natural fire regime) as of the year
2000. These areas are expected to remain in acceptable ecological condition
as long as the natural fire regime is maintained. Another 1 percent of the vegetation showed significant deviation from natural conditions, and 25 percent
of the acres are considered highly compromised by past fire suppression. Most
of the deviation from natural conditions occurs in the lower- to midelevation
conifer forests, including the giant sequoia groves.

fire management
Homeowners and land managers in the Sierra Nevada have a choice when
dealing with the fuels that have accumulated as a result of decades of fire
exclusion. They can either actively treat fuels, or wait for a wildfire to treat
fuels for them. Since the late 1960s, the National Park Service in Yosemite,
Sequoia, and Kings Canyon national parks has taken an active approach to
fuels management. Following early research by university scientists,39 the
National Park Service changed its fire policy in 1968 to allow the use of prescribed fires deliberately set by managers, and to allow fires of natural origin
to burn under prescribed conditions—the latter known as “wildland fire
use.” The Forest Service followed suit in 1974, changing from a policy of fire

yosemite national park’s current fire management program
The fire return interval departure analysis was used extensively in the development of Yosemite National Park’s current fire management program.48
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homes in wildlands in California. As a result, fire patterns are changed, and
restoration and fuels reduction activities are restricted. Chaparral in the Sierra
Nevada foothills grows quickly, and, consequently, maintenance of fuel reduction areas needs to be more frequent and is more costly. Property owners
demand that fire suppression forces protect their homes first, diverting firefighters from protecting forests and shrublands. Commonly, millions of dollars are spent to save hundred-thousand-dollar structures while tens of
millions of dollars of magnificent forests are being lost.
Each new catastrophic fire increases the clamor to do something about fuels.
Homeowners expect fire and land management agencies to act, yet are often
unwilling to accept some of the responsibility themselves. The most immediate problem exists around developments, and areas of high societal values,
such as cultural sites and endangered species habitats. Mechanical removal of
understory trees followed by prescribed burning is the most likely method to
succeed in these areas. Where houses have encroached into shrublands,
removal of shrubs up to 100 feet from houses may be necessary. Less compelling are treatments in remote areas where there is less development and
access is difficult. Prescribed burning and the use of naturally occurring fires
are more appropriate in areas beyond the urban-wildland interface. The call
to thin forests to prevent catastrophic fires has confused the issue. Only on
rare occasions can a fire move independently through the crowns of trees without a surface fire to feed it. Thinning forests to prevent crown fires without
treating surface fuels is ecologically inappropriate and economically unjustifiable. A combination of treatments is most likely to be effective.

Yosemite National Park’s current fire management program builds on the
accomplishments of the past three decades. The prescribed burning and wildland fire use programs, begun in 1970 and 1972, respectively, ushered in the
era of fire management. Since the beginning of the program, managers have
ignited over 200 prescribed fires, and those fires have burned more than
48,000 acres. Most of the prescribed burning has been in white fir and ponderosa pine forests, where fuel conditions have been affected by fire exclusion
in the past. Fourteen of the prescribed fires were more 1,000 acres in size, and
one exceeded 5,000 acres. The wildland fire use program has burned more
than 80,000 acres in over 600 different fires, the largest of which were the
8,800-acre LeConte Fire in 1999 and the 7,200-acre Hoover Fire in 2001.
Fire suppression remains an integral part of the fire management program
in Yosemite, for suppression remains critical in areas where fuel accumulations are outside of their natural range. All human-caused fires are extinguished upon detection, as are lightning fires outside of the wildland fire use
zone. Occasional fires inside the use zone are suppressed because prescribed
conditions are not met.

Many at-risk species occur in the Sierra Nevada, and some of these, including
the Pacific fisher, American marten, and California spotted owl, are dependent on fire-maintained habitats. Concurrent changes in fire regimes and vegetation in the lower-elevation portions of the Sierra Nevada foothill and lower
montane zones have resulted in regionwide changes in wildlife habitat. The
question becomes how to restore natural fire regimes without adversely affecting at-risk species and their habitats. To do nothing only makes the situation
worse, predisposing the species and habitats to destruction by catastrophic
fire. These species evolved with fire, and the answer must include fire. Care
must be taken, however, to ensure that fragmented populations are not
adversely affected by fire treatment activities.

The Future of Fire in the Sierra Nevada
Many issues face private property owners, land managers, and the public
in the Sierra Nevada as a result of changed fire regimes and human population growth.49 Primary among the issues is the accumulation of fuels, both
on the ground and in tree canopies. Dealing with these fuels has been complicated by increased development in wildland areas, endangered species,
and air quality considerations.

Among the biggest impediments to conducting prescribed burns or allowing
wildland fires to burn under prescribed conditions in the Sierra Nevada are
restrictions on air quality. Smoke is a by-product of burning, whether it
comes from a prescribed fire, a wildland fire burning under prescribed
conditions, or a wildfire. Society is faced with deciding to accept periodic
episodes of low concentrations of smoke from managed fires or heavy doses
from wildfires. Either reduced emission restrictions for wildland management activities or exemptions for federal agencies from local air pollution
control district regulations will be necessary if fire is to be allowed to play its
natural role in the Sierra Nevada.

As we have learned, the fuels issue is most acute in the foothill zone, where
chaparral fuels are particularly flammable, and in the lower montane zone,
where fire return intervals are short. The effects of fire exclusion are less pronounced in the upper montane, subalpine, and alpine zones because fire
return intervals are longer. However, as in the foothill and lower montane
zones, short fire return intervals and fire exclusion efforts are becoming an
issue in the eastside zone.
The population of the Sierra Nevada more than doubled between 1970 and
2000, much of this growth occurring in the foothill, lower montane, and
eastside zones. The other zones are primarily federal lands, and, with the
exception of the Lake Tahoe area, there are few opportunities for private
development. The central Sierra Nevada contains one of the largest mixes of

The success of our fire management in the Sierra Nevada is contingent upon
our ability and willingness to keep fire as an integral part of these ecosystems.
Not to do so is to doom ourselves to failure. Fire is inevitable, and we can only
try to manage in harmony with fire.
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WILDFIRE MANAGEMENT ON
A HUMAN-DOMINATED LANDSCAPE
California Chaparral Wildfires
Jon E. Keeley, Ph.D., and CJ Fotheringham
Catastrophic wildfires are an outcome of the California vegetation and climate. These fires are driven
by severe weather, and fire management is unable to prevent or stop them. Unlike many western forests,
where fire restoration is needed to reduce fire hazard and return natural processes, California
shrublands need greater protection from an increasing onslaught of fires. Fuel modification at the
wildland-urban interface and better land planning are important future needs.

S

Jon E. Keeley is a research scientist with the U.S. Geological Survey and
a professor of biology at the University of California, Los Angeles. He has
authored over 250 research papers dealing with the ecology, evolution,
physiology, and taxonomy of California plants. His current research is on
historical patterns of burning and their effect on alien plant invasions. Jon
resides near Sequoia National Park in the community of Three Rivers,
California.

ince 1970, 12 of the nation’s 15 most destructive wildfires have occurred
in California, costing the insurance industry $4.8 billion,1 the most
destructive being the firestorms of October 2003 (see Box 1). That
California leads the nation in fire losses is not surprising since, with more than
33 million people, it is the most populous state in the nation. Almost all of these
fires have occurred in shrublands rather than in forests, which should also not
be surprising since chaparral is the most extensive vegetation type in California, covering over 8.8 million acres (3.6 million hectares),2 or one-twelfth of
the state, and is a highly flammable plant community. Relative to the national
focus on western forests, there is need for greater attention on the California
wildfire problem, not just because it accounts for most of the losses in property
and lives in the nation, but also because fire management practices appropriate for other parts of the country often are inappropriate for this region.

CJ Fotheringham is a doctoral student in the Department of Ecology and
Evolutionary Biology at the University of California, Los Angeles. Her
research is focused on the evolutionary patterns of species response to fires
in Mediterranean-climate shrublands of California and South Africa and in
non-Mediterranean-climate shrublands of the Southwest. She has published
papers in Science, Ecology, the Journal of Ecology, and various other
international journals. CJ resides in Los Angeles.

Fire Regimes and Fire Management Options
The term fire regime refers to the types of fuels consumed (surface or canopy
fuels) and the intensity, frequency, and seasonality of fires in an area; the fire
regime in any particular place is dictated by climatic factors, the fuel characteristics of the vegetation, and the pattern of natural lightning and human
ignitions. Understanding the fire regime of an area is critical to developing an
effective management policy, and the diversity of fire regimes over the North
American landscape means that there can be no single model of how fire managers should approach fire hazard. Two examples illustrate this point: the
ponderosa pine forests of the southwestern United States and California’s
chaparral shrublands. Historically, fires in southwestern ponderosa pine
forests typically burned in frequent, low-intensity surface fires that, because
of widely spaced canopies and sparse, patchy understory fuels, burned only as
high-intensity crown fires on a limited spatial scale.3 In contrast, chaparral
shrublands always burn in high-intensity crown fires that typically kill all
aboveground biomass, and low-intensity chaparral surface fires are unknown.
One critically important difference between these extremes is that a century of
fire suppression policy has been very effective at excluding fires from many
forests in the western United States, but not from southern California shrublands (see Box 2). Before we consider chaparral, however, it will be instructive
to understand the factors contributing to fire suppression impacts in forests.

Chaparral covers sandstone formations in the Hurricane Deck region
of the San Rafael Wilderness, Los Padres National Forest, California.
Chaparral—a mixture of shrubby plants adapted to dry summers—is
“made to burn,” containing volatile oils that help to spread the fire.
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Certain attributes of western forests allow rapid fire suppression: mountain
climates have a much shorter fire season; ignitions are commonly from lightning, under weather conditions not usually conducive to rapid fire spread; and
fires typically spread by surface fuels, which produce lower flame lengths.
Over much of the 20th century, these characteristics have led to highly successful fire suppression, equivalent to fire exclusion, over much of the West.

increases surface fuels from slash left on the site. In fact, one recent study of
factors determining fire severity after a large northern California fire attributed
more fire damage to past timber practices than to fire exclusion.5 In contrast to
the situation in western forests, California shrublands have not experienced fire
exclusion,6 nor are fuel levels outside the historical range of variability.7

Consequently, western forests now have an unnatural accumulation of surface
fuels, and an increased density of young, shade-tolerant trees. Increased density of young trees is perhaps the more serious problem because these saplings
act as ladder fuels that change fire behavior from surface fires to lethal crown
fires. In addition to fire suppression, heavy livestock grazing has also contributed to fire exclusion by reducing herbaceous fuels in some forest types.4 While
fire exclusion has contributed to these dangerous fuel conditions throughout
the western United States, other land use practices such as logging have also
played a role. Logging encourages the dense ingrowth of young trees and

In California, most large and deadly fires are chaparral fires, and we must
understand their causal factors if we are to reduce the losses from such catastrophic events. The solution is not simply to allocate more resources to fire
management activities. Indeed, for the latter half of the 20th century, every
decade has been followed by a decade of increased expenditures on fire suppression activities, yet each decade has also been followed by one of increased
losses in property and lives.8

shrubland fires

One of the major reasons for the inability of fire managers to stop losses from
chaparral fires is that for most of the last several decades, both scientists and
managers have approached chaparral management with a one-size-fits-all
model. It seemed intuitive that if fire suppression had excluded fires from ponderosa pine forests and had created a dangerous fuel buildup, other landscapes
with a similar fire suppression policy would experience the same unnatural
fuel buildup. However, we now know that in coastal California’s chaparral
landscapes, fire suppression policy cannot be equated with fire exclusion (see
Box 2), and that for most of the 20th century, California’s chaparral shrublands have burned at close to or higher than natural frequencies.9

Box 1. October 2003 wildfires in southern California
The southern California fires of late October 2003 were the largest fire
event in California’s recent history. In over a half-dozen separate fires,
more than 742,000 acres (364,000 hectares) of wildlands burned, in
many cases through a complex mosaic of urban and wildland fragments,
as well as across the well-defined and extensive wildland-urban boundary. A total of 3,361 homes and 26 lives were lost in this event, which
stands as one of the costliest disasters in California, exceeding previous
fires, earthquakes, and other natural disasters.

Figure 1. Fuel ages burned by Santa Ana wind-driven fires
in San Diego County, California, October 2003

The October 2003 fires burned through diverse plant communities, but
the proportion of different vegetation types burned was not reflected in
the media coverage, which made it appear as though most were forest
fires. This mistaken image was undoubtedly due to the fact that some of
the fires burned in unnaturally intense and spectacular crown fires in
forests with important recreational value and relatively high-density
housing. However, coniferous forests made up only about 5 percent of
the total acreage burned.1 Most of the burned landscape was chaparral
shrublands, and nearly all of the loss of property and lives was due to
these shrubland fires. Nonetheless, this important fact did not prevent
exploitation of the disaster by timber advocates as further justification
for extensive forest thinning or clearcutting.2

It is now becoming clear that the age and spatial pattern of fuels are minor factors controlling the ultimate size of chaparral fires (see Box 1 and Figure 1).
Indeed, fire frequency analysis in chaparral from northern Baja California to
Monterey has shown no strong relationship between fuel age and fire probabilities.10 Instead, in nearly all areas, the hazard of burning increases only moderately with time since the last fire. A more localized investigation of historical
burning patterns in Los Angeles County found a similar pattern, but with an
increasing probability of burning during the first two decades after the last
fire.11 However, the apparent resistance to burning by young age classes exhibits
a strong interaction with fire weather conditions; although the probability that
fires will burn out in young age classes during moderate weather is high, under
severe winds, fires readily spread through young stands of chaparral.12

Further illustrative of the overriding importance of these winds is the relationship between large fires and drought. Throughout the western United
States, large fires are usually restricted to periods of extreme drought.14
However, in southern California, Santa Ana winds are just as likely to cause
a large fire during a wet year as during a dry year.15 Antecedent climate
does appear to play a role in that it increases the length of the fire season,
because large fires over 5,000 hectares that occur outside the Santa Ana
season take place only during drought.
Three Key Points About Chaparral Fire Management
● Large, high-intensity wildfires are a natural feature of chaparral landscapes. They occurred prior to Euro-American settlement and will take
place again in the future.
● Twentieth-century fire management practices have been ineffective in
preventing chaparral wildfires.
● We need to view chaparral fires as we do other uncontrollable natural
disasters and to focus on developing human infrastructure capable of
minimizing their damage.

The reason fuels play only a minor role in controlling large fires in southern
California chaparral is because this region has the worst fire climate in the
country, with extreme winds capable of overcoming any potential fuel limitation (see Box 3). These winds, known as Santa Anas in southern California
and as Diablo winds in the San Francisco area, result in stormlike conditions
producing wildfires commonly referred to as “firestorms.” Under these conditions firefighters are forced into defensive actions until the weather changes.
In the Santa Monica National Recreation Area northwest of Los Angeles, the
12 largest wildfires in recorded history ranged in size from 16,000 to 43,000
acres (6,700–17,400 hectares), and all were autumn fires driven by Santa Ana
winds.13 In other parts of southern California, large fires are usually associated with Santa Ana wind conditions, and the very destructive ones nearly
always are (see Table 1).

History of Large Chaparral Fires
The 2003 firestorms (see Box 1) were natural events that have been repeated
on the California landscape for eons. Studies of charcoal depositions extracted
from ocean bottom sediment cores off the coast of Santa Barbara have found
that the frequency of large fires has not changed in the past 500 years.16 Indian
legends from tribes in the vicinity of the current San Diego County also
describe a mass migration of local tribes due to a massive wildfire.17
Although the October 2003 Cedar Fire (see Box 1) was the largest in California since official fire records have been kept, historical accounts portray
even larger fire events. A Los Angeles Times article on September 27, 1889,
described a fire near Santa Ana three times larger than the recent Cedar Fire:
“The fire which has been burning for the past few days still continues in the
canyons. The burned and burning district now extends over 100 miles north
to south, and is 10 to 18 miles in width.” In fact, collectively, fires in southern
California during late September 1889 exceeded all of the October 2003
acreage burned; another fire ignited that same week in September 1889 in

Box 2. Contrasting fire regimes
Western U.S. conifer forests have had a long history of mostly lowseverity fires, as revealed in studies relating annual tree rings to fire
scars embedded in the wood. Such fire records are possible wherever
low-severity fires scar but do not kill trees.
Throughout the western United States, researchers have investigated literally thousands of tree records, which have revealed a remarkably similar pattern from New Mexico to California. Prior to the 20th century,
forest fires were frequent, occurring every 10 to 20 years, but since the
beginning of fire suppression activities in the early 1900s, tree rings show
almost no fire scars.1 In these forests, a century of fire suppression has
succeeded in excluding fire.

San Diego County suffered the most from these shrubland fires, especially the Cedar Fire (center red outline, Figure 1), which at 273,230
acres (110,620 hectares) is the largest fire in official California records
dating back to circa 1910.3 The fires burned through a mosaic of young
and old fuel classes, and the behavior of the fires was largely dictated by
the powerful Santa Ana winds. Despite extreme fire conditions, the public expected fire suppression forces to directly attack these infernos.
Illustrative of the misunderstanding associated with the causes of these
fires was the claim by one major insurance company that policyholders
who lost property did so, not because of unavoidable aspects of weather,
fuels, or other attributes of the fire, but because of mishandling of the
fire by agencies with firefighting jurisdiction.4

Red outlines, from top to bottom: Roblar Fire, Paradise Fire, Cedar Fire, Otay Fire.
Source: Adapted from J. E. Keeley, CJ Fotheringham, and M. Moritz, “Lessons from the
2003 Wildfires in Southern California,” Journal of Forestry 102, no. 7 (2004): 26–31.

70

Box 3. Santa Ana wind-driven fires
Southern California has the worst fire climate in the country, largely
because of the regular autumn foehn winds, known as Santa Anas.1
Although massive wildfires anywhere in the world are usually driven by
severe fire weather, such conditions are generally not annual events.
Southern California is an anomaly, and severe fire weather conditions
occur every autumn. Lasting from a few days to a week or more, a highpressure cell over the Great Basin, coupled with a low-pressure trough
off the Pacific Coast, leads to very high offshore winds (60–100 km/hr)
with a relative humidity of below 10 percent. Under these conditions
firefighters are forced into defensive action that includes evacuating
homes ahead of the fire front and protecting property on the periphery.
Fire containment does not occur until the weather changes.

In contrast, shrubland fires are always lethal crown fires that eliminate
any records of past fires. The U.S. Forest Service and other agencies,
however, have very good written records that are relatively accurate indications of 20th-century shrubland burning patterns. Those records show
that in coastal California, substantial acreage has burned every decade
throughout the century, indicating that fire suppression policies have
never excluded fire from these landscapes. The written records also
demonstrate a fire rotation interval in coastal California shrublands of
30 to 40 years for much of the 20th century.2 It is doubtful that fires were
ever much more frequent, since 20 to 30 years is near the limit of fire
tolerance for many of the dominant native shrubs.

71

Wildfire_Pt2a_p42-75_FINAL

3/1/06

8:30 AM

Page 72

San Diego County, near Escondido, and in two days the same Santa Ana winds
blew it all the way to downtown San Diego,18 a distance roughly equal to the
long axis of the 2003 Cedar Fire. Other large 19th-century fires are known
from other counties in coastal California.19

Figure 2. Fire frequency and population growth in
southern California, 1910–1990

severe weather conditions is that if high winds do not drive the fire through
the fuels, the winds will spread the fire around them, or lift and carry firebrands over them to spread the fire a half-mile or more beyond the active front.

of high-severity fires was variable, with both positive and negative effects on
postfire recovery.28 Five years postfire, researchers could find little discernable
difference in chaparral recovery between high- and low-severity burn sites.29
It would therefore be premature at this point to conduct expensive fuel treatments with the expectation of producing major improvements in postfire
recovery of vegetation.

What Is the Appropriate Future Fire Management Strategy?
While large wildfires were reported throughout southern California during the
19th and early 20th centuries, it was only in the latter half of the 20th century that they routinely resulted in major loss of property and lives.20 The primary reason for this development was not a change in fire behavior but rather
the fact that California’s population had grown exponentially.21 As a consequence, urban sprawl placed huge populations adjacent to watersheds of dangerous fuels. In addition, because 95 to 99 percent of all fires on these
chaparral landscapes are started by people, as populations grew, fire frequency increased (see Figure 2), which in turn increased the chances of ignitions
during Santa Ana wind events. Prior to entrance of Native Americans into
North America, lightning was a potential source of ignition for Santa Ana
wind-driven fires since there is significant overlap in their seasonal distribution; thus such fires were likely a natural feature of this landscape, albeit at a
lower frequency than observed today.22

Prefire fuel modifications will undoubtedly remain an important part of the
southern California fire management arsenal, but their application needs to
be carefully considered if they are to be effective and provide benefits equal to
or exceeding their cost.26 For example, fires burning under moderately calm
wind conditions and high humidity have been observed to burn out when the
fire encounters young fuels, and such fires are less likely to spread firebrands
beyond these barriers. These fires, however, seldom present major problems
for firefighting crews and do not pose a major threat to the loss of property
and lives (see Table 1). Thus, serious attention needs to be paid to whether or
not fuel treatments are cost-effective for these fires.

The key point here is that massive fires have occurred at periodic intervals in
the past and likely will occur again in the future. It may be more useful from a
planning and management perspective to see these events as we currently view
100-year flood events or other such cyclical disasters.
Twentieth-Century Shrubland Fire Management Practices

Source: J. E. Keeley and CJ Fotheringham, “Historic Fire Regime in Southern California Shrublands,” Conservation Biology 15 (2001): 1536–1548; J. E. Keeley and CJ Fotheringham, “Impact of
Past, Present, and Future Fire Regimes on North American Mediterranean Shrublands,” in Fire and
Climatic Change in Temperate Ecosystems of the Western Americas, ed. T. T. Veblen, W. L. Baker,
G. Montenegro, and T. W. Swetnam (New York: Springer, 2003), pp. 218–262.

For the past several decades, southern California shrubland fire management has been based on the philosophy that prefire fuel management practices can control the ultimate size of these massive fire events. On California
shrubland landscapes, the preferred treatment has long been prescription
burning, applied on a rotational basis so that a mosaic of different-age fuels
is created. These fuel modification treatments were expected to prevent large
wildfires by creating mosaics that included patches of young fuel, which

theoretically were expected to act as barriers to fire spread. However, over
the past several decades, this management philosophy has not been effective
at eliminating large, catastrophic fires.
Some would argue that the failure to eliminate catastrophic shrubland fires is
due to inadequate funding of fuel treatments, coupled with restrictions on
prescribed burning related to strict air quality standards and the danger of
burning in wildland-urban mosaics. While these concerns are real,23 nothing
about the future economic outlook or environmental restrictions suggests that
these limitations are likely to change, and we have good reason to believe that
even if greater fuel modifications were possible, the hazard of catastrophic
fires would not diminish.

Table 1. Recent major fires in San Diego County
Most destructive fires occur during severe autumn Santa Ana wind conditions.
Even in non–Santa Ana wind conditions, however, weather is still a contributing factor—for example, the July 2002 Pines Fire occurred during a heat spell
and was accompanied by gusting winds.

lost
Fire
*Cedar
*Laguna
*Paradise
*Harmony
Pines
*Gavilan
*Viejas
La Jolla

Month /Year
Oct. 2003
Oct. 1970
Oct. 2003
Oct. 1996
July 2002
Feb. 2002
Dec. 2001
Sept. 1999

Acres
281,000
190,000
56,600
8,600
61,690
6,000
10,350
7,800

Structures
2,232
382
169
122
45
43
23
2

The extent to which landscape-level fuel treatments are effective in shrubland
fire is mainly a function of weather conditions during the fire event. The evidence is overwhelming that under extreme fire weather conditions such as the
autumn Santa Ana winds, young fuels (Figure 1), or even fuel breaks, will not
act as barriers to fire spread.24 This is quite evident for southern California’s
October 2003 wind-driven wildfires (see Box 1). Crossing nearly the entire
width of San Diego County’s east-west burning Cedar Fire were substantial
swaths of vegetation less than 10 years of age, not just in one, but in two parts
of that fire (Figure 1).25 Burning in San Diego County at the same time was the
Otay Fire, which exhibited the same phenomenon: the fire burned through
thousands of acres on which the vegetation was only 7 years of age. The primary reason young fuels cannot act as a barrier to fire spread under such

Lives
14
5
2
1
0
0
0
1

Source: U.S. Forest Service fire records for the Cleveland National Forest, California. Acreage
approximate.
* Santa Ana wind-driven fires.
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Another resource benefit of fuel treatments has long been thought to be their
ability to reduce postfire flooding and sediment loss.30 Presumably, if watersheds in proximity to urban environments were to receive prescription burning on a rotational basis, only a small portion of each watershed would lose
excessive amounts of debris at any given time, and thus flooding and debris
flow hazards would be reduced. However, any such patchwork of age classes
is still vulnerable to large-scale Santa Ana wind-driven wildfires.31 (See Box
1 and Figure 1.)
Alternatively, it has been suggested that, regardless of the size of burned patches, burning watersheds on a 5-year rotational interval would greatly reduce
the immediate postfire sediment loss.32 In the long run, however, this approach
may not be cost-effective for several reasons. One critical determinant of sediment loss is the magnitude of precipitation in the first postfire year.33 If rainfall is light, sediment loss is minimal, regardless of prefire stand age. But when
burning is followed by a winter of high rainfall, sediment losses are considerable. Prescription burning at 5-year intervals greatly increases the probability
of a fire being followed by an El Niño year of high rainfall, as contrasted with
the probability of an El Niño year following a fire at its more natural return
interval of 35 years. Cumulative sediment loss over the long term would also
be much greater for 5-year burn intervals since such intervals would mean
multiple peak discharges, as opposed to a single peak discharge over a 35year burn interval. More important than any of these factors is that burning at
5-year intervals will almost certainly result in type conversion of native shrublands to alien grasses and forbs,34 which would greatly increase the chances of
slope failure in these steep watersheds.35

The key to effective use of prefire fuel modifications in crown fire ecosystems
such as chaparral is their strategic placement. Under severe weather, lower
fuel loads will not stop the spread of fire, but they do reduce fire intensity and
thus provide defensible space for fire suppression crews. The chief benefit of
prefire fuel manipulations in crown fire ecosystems is the enhancement of firefighter safety, and strategic placement is therefore critical to the success of
these measures. However, much of the southern California shrubland landscape is far too steep to provide defensible space regardless of fuel structure,
and thus fuel manipulations in these areas are unlikely to provide economically viable benefits. We suggest that fuel manipulations will be most costeffective when focused on the wildland-urban interface. Homes are often lost
during severe fire weather because firefighters refuse to enter areas that lack a
buffer zone of reduced fuels sufficient to provide defensible space.

how do we measure fire management success?
In terms of management goals, the metric for fuels treatments on these shrubland landscapes needs to change from simply measuring “acres treated” to
consideration of their strategic placement. This change in management philosophy is being recommended by the Santa Monica Mountains National Recreation Area, the largest National Park Service unit in southern California.27

resource damage from fire management practices
Fire management decisions often have negative effects on natural resources,
but agencies differ in their ability to integrate fire and resource issues. Many
local California fire departments as well as the California Department of
Forestry and Fire Protection have reducing fire hazard as an overriding mandate; resource issues are often not primary concerns. Even in federal agencies
more directly concerned with resource management, such as the U.S. Forest
Service and the National Park Service, because of the complexities of modern
management practices, fire management decisions are not always closely
linked to resource management. As a consequence, fire managers are sometimes unaware of resource threats posed by fire management practices.36

To accurately measure the success of fuel treatments, studies need to take
a close look at the role of prefire fuel treatments versus weather during the
fire. For example, in the Cedar Fire (see Box 1), fuel breaks were not effective
at preventing major structural losses in adjacent subdivisions (see Table 1)
because of the severe weather conditions during the early stages of the fire. In
contrast, prefire fuel treatments northwest of the town of Pine Valley in eastern San Diego County may have saved that community from destruction by
the Cedar Fire. However, the fire front threatened Pine Valley after the Santa
Ana winds had died down and after the onshore breezes had brought cooler
temperatures and higher humidity. If weather conditions had not improved,
the fuel treatment area would have provided less of a barrier to fire spread
into the community; that particular fuel treatment prescription therefore may
not be an adequate standard for other fires threatening Pine Valley.

Fire suppression and prefire fuel manipulations are management practices
that have ecological equivalents in the roles played by equilibrium and disequilibrium processes in natural ecosystems. Fire suppression attempts to
maintain ecosystem equilibrium by preventing disturbance, whereas prefire
fuel manipulations introduce disequilibrium. Understanding how our management practices might simulate natural ecosystem processes may be an
important step toward more effective adaptive management.

One justification for rotational prescription burning is that maintaining a large
fraction of the landscape in young fuel-age classes reduces fire severity and
thus enhances vegetation recovery. However, extensive studies of postfire
recovery following the 1993 fires in southern California found that the impact

In forested environments such as ponderosa pine ecosystems, some of the dominant species have a reproductive cycle dependent on disturbance, and there-
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fore the equilibrium conditions created by successful fire suppression have
very negative impacts on the long-term sustainability of these forests.

rate of human-ignited fires during the 20th century had been left unabated.39
Although the rate of type conversion is not currently being monitored, it
appears to the authors of this essay that it is happening at an ever-increasing
rate in southern California. These landscapes are currently challenged with far
too much fire, and any management practices that create disequilibrium conditions, such as fuel reduction projects, must evaluate the potential negative
impacts of these practices—particularly alien plant invasion.

In contrast, for many shrubland ecosystems, fire suppression policy, despite
valiant efforts, has been unable to keep up with the ever-increasing frequency
of fires on these human-dominated landscapes (see Figure 2). As a result,
shrubland ecosystems have been exposed to an unusually high frequency of
disturbance. Most casual observers see little problem with this kind of disturbance because shrublands are classically described as “fire-type” or “fireadapted” ecosystems. However, it is a misnomer to describe the species in
these communities as “fire adapted.” Species are not adapted to fire per se,
but rather are adapted to a fire regime that includes a particular range of fire
frequencies, seasonality, and fire intensities. Deviations from this regime can
threaten the persistence of many native species.

Changing Our Perspective on Fire
Californians need to embrace a different model of how to view fires on chaparral landscapes. Our response needs to be tempered by the realization that
fires are natural events that cannot be eliminated from California shrublands.
We can learn much from the science of earthquake or other natural disaster
management: no one pretends we can stop earthquakes—rather, we engineer
infrastructure to minimize their impact.

The primary threat to native species comes from the fact that fires create an
ecological disequilibrium that can be exploited by many aggressive alien
weeds. The dense canopy cover of undisturbed shrublands readily shades out
herbaceous alien plants; after a fire, the extent to which aliens invade is dependent on a race between alien seeds reaching the site and shrub canopy recovery.37 Following every fire, shrublands undergo a developmental period in
which native plant populations recover dormant seed banks and transport
photosynthetic products to tubers, bulbs, and corms. Repeat fires with insufficient recovery periods between them will result in limited native shrub recovery, creating an ecological vacuum rapidly filled by alien weeds. This “type
conversion” from native shrubs to alien herbaceous vegetation can have a profound impact on many ecological processes.

We need to closely evaluate human development practices that place people at
serious risk to destructive wildfires. The primary shortcoming of California’s
fire management agencies has been the failure to adequately convey to the
public their inability to stop massive Santa Ana wind-driven fires. For much
of the past half-century, public agencies have held the false belief that how or
where they allowed new developments to be built was irrelevant to fire safety
—largely because of assurances that fire managers could prevent fires from
burning across the wildland-urban interface. Undoubtedly there has been substantial pressure on fire managers to convey an overly confident image, and
not to highlight their limitations.

Such type conversion has already occurred over a quarter or more of the current
wildland landscape in coastal California, beginning with the earliest human
occupation of the region.38 While fire suppression activities have failed to
exclude fire from this landscape, they almost certainly have prevented massive
landscape changes that might have occurred if the exponentially increasing

Future development in California needs to closely involve fire managers
at the planning stage. In addition, communities need to take greater responsibility for creating defensible fire-safe zones through placement of greenbelt infrastructure, such as golf courses and parks, between wildlands
and homes.

Top: Urban sprawl has contributed to increasingly higher fire
suppression costs as firefighters try in vain to protect homes
in fire-prone landscapes such as California chaparral.
Bottom: Regrowth of chaparral following a wildfire near Arroyo
Seco, Agua Tibia Wilderness, Cleveland National Forest, California.
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FIRE IN THE KLAMATH-SISKIYOU ECOREGION
Protecting and Restoring the Fire Mosaic
Dominick A. DellaSala, Ph.D.

Fire’s varied influence in the Klamath-Siskiyou ecoregion has created a rich and diverse mosaic of plant
communities in continuous recovery from fire. Decades of logging, road building, fire suppression,
livestock grazing, and, more recently, climate change have disrupted the fire mosaic. Fire management
policy is now at a historic crossroads. Sustainable landscapes and beneficial relationships with
fire are only possible through a new approach to fire management that recognizes its keystone role in
shaping rich and healthy landscapes.

T

Dominick A. DellaSala is director of World Wildlife Fund’s KlamathSiskiyou Program in Ashland, Oregon. An internationally renowned author
of over 150 articles and book chapters, he has been instrumental in U.S. and
Canadian protected-area campaigns spanning two decades. Dr. DellaSala
is on the board of directors of the Society for Conservation Biology, is subject
and guest editor for scientific journals, and has received WWF’s distinguished
World of a Difference award for his outstanding conservation achievements.

he Klamath-Siskiyou ecoregion of southwest Oregon and northwest
California is one of the most diverse temperate forest regions on Earth.1
To the locals, the ecoregion goes by many names: the Klamath Knot,
for its hodgepodge of mountain ranges; State of Jefferson, for a local secession
movement popularized in 1941; and Bigfoot Country, for the reputed sightings and mythical connection this creature inspires in indigenous communities. To biogeographers and conservationists, however, this area has many
accolades, including designation as a World Wildlife Fund/World Conservation Union global center of plant diversity, a World Wildlife Fund Global 200
ecoregion, and proposed United Nations Educational, Scientific, and Cultural
Organization (UNESCO) designation as a biosphere reserve.2
Fire’s presence is strikingly obvious in shaping the ecology here. A wide assortment of plant communities influenced by fire blankets these mountains with
chaparral, semiarid oak woodlands, mixed-conifer and mixed-evergreen
forests, Jeffrey pine savannah, and verdant temperate rainforests.3 Remarkably, many of these communities can be found growing on the same hillside
owing to differences in soils, position along the slope, elevation above sea level, moisture tolerance, and, of course, fire.4
Historically, early Native Americans deliberately set fires for a variety of cultural benefits. Indian tribes along the Klamath and Rogue rivers used rotational burning, setting fires every three to five years to maintain forest openings
that benefited deer and elk.5 They also used fire regularly to stimulate growth
of plants for baskets, foods, and medicinal herbs.
Today, the fire regime (severity and frequency of fires) in the Klamath-Siskiyou
is remarkably spotty.6 Fires of variable frequency—ranging from every 5 to
every 75 years or more—and variable severity, ranging from ground-burning
and understory fires to conflagrations, create a quiltlike tapestry, or mosaic, of
plant communities in different stages of postfire recovery (the “fire mosaic”).
In this fashion, a single fire is made up of a mixture of varying proportions of
low, moderate, and high severity influenced by the interplay of geography
(coast versus inland), vegetation, topography (slope and elevation), and
climate.7 The mixture of fire severities contributes to the fire mosaic in different ways, with the high-severity portion generating a coarse-grained heterogeneity expressed as a patchiness of plant communities at the landscape scale

Smoke plume, Biscuit Fire, Siskiyou National Forest, Oregon, 2002.
Wildfire smoke has the beneficial effect of killing forest pathogens.
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and the low-severity component contributing to fine-grained heterogeneity
expressed through site-specific (or local) differences in plant communities.

rally toxic (to plants) in iron, magnesium, chromium, cobalt, and nickel.13
The cobra lily gets a booster shot of nitrogen in an otherwise nitrogendeficient environment by acting as a living “roach motel.” With its drooping
appendages, the insectivorous plant lures unsuspecting insects into its ominously shaped “hood.” The insects work their way down a long tubular stem
lined with stiff, reflexed “hairs.” Once the insects are inside, symbiotic bacteria begin extracting nitrogen from their nitrogen-rich exoskeletons by
devouring their trapped carcasses. As ground-burning fires periodically pass
through the area, they cleanse out competing shrubs and pines, maintaining
open conditions suitable for the cobra lily and its unique coinhabitants.
In the absence of fire, azaleas and pines shade out the light-demanding
carnivorous plants and their fire-adapted neighbors.

Fire-created mosaics can persist for decades in continuous flux as plant communities recover from one fire to the next through a procession of successional
changes. Fire passing through an area periodically resets the successional clock
to early pioneering plants consisting of fire-adapted grasses, flowering plants,
mosses, and ground-dwelling shrubs. However, over time, burned landscapes
progress from pioneer stage (with a few scattered live trees) to forest wherever
site conditions support forest as the potential natural vegetation. If succession
is uninterrupted by another fire, it may be decades to more than a century
before the forest canopy completely envelopes the hardwood and shrub understory.8 This combination of very tall conifers with lower-growing hardwoods
and understory shrubs is diagnostic of the mixed-evergreen forests of the
ecoregion, forests exceptionally rich in plant and wildlife species. Thus, every
plant community in the fire mosaic is at some successional stage in recovery in
response to fire’s chaotic resetting of the successional “clock.”

Under Smokey’s Watch
(“Only You Can Prevent Forest Fires”—But Should We?)
The fire mosaic of the Klamath-Siskiyou is different today than when encountered by early Native Americans. A century of landscape degradation caused
by industrial-scale fire suppression and other factors has discombobulated the
fire-mosaic dynamic. Fire intervention takes many forms, and its degree varies
within the Klamath-Siskiyou ecoregion and across the West. Most approaches
center on treating fuels (a symptom, not a cause) with some of the same causal
agents—suppression and more logging—that have transformed the fire mosaic into a proverbial ticking firebomb.

Over decades to centuries, repeating fires have sculpted a landscape of chaparral, oak woodland, and multiaged forests.9 Because of topographic differences, some areas—mainly those along streamsides, valley bottoms, the lower
third of mountain slopes, ravines, and north- and east-facing slopes—escape
fire for decades to centuries. Here individual trees reach gigantic proportions,
overshadowing their neighbors where they persist either as members of dense
forests or as widely scattered trees embedded in a sea of shrubs.10 Regional
fluctuations in climate and weather influence fire’s periodicity, with more fire
events during fuel-desiccating periods. In this fashion, vegetation, climate/
weather, and topography interact to control fire behavior. The warming and
drying climate of the late 20th and early 21st centuries is now poised to tilt
the fire behavior dynamic to the point where a greater proportion of highseverity fires could become the norm,11 regardless of efforts by forest managers to manipulate fuels and vegetation.

With the arrival of the iconic image Smokey Bear over 60 years ago, the U.S.
Forest Service finally had a symbol for its 1935 fire suppression policy of
“every fire out by 10 a.m.” following its detection.14 Wildfires were and still are
attacked with military precision. Post–World War II fire suppression technology improved firefighting dramatically, with the unintended consequence of
altering the composition and structure of fire-adapted plant communities,
mainly in low-elevation areas close to towns and settlements. Fire-resistant
communities would soon be replaced by fire-intolerant, shade-loving trees and
shrubs codesigned by logging and fire suppression. For example, many forests
in the Klamath-Siskiyou ecoregion have been forced to skip fire cycles. With
heavy ground fuels and high densities of small, fire-intolerant, and shadeloving trees and shrubs prospering under Smokey’s watch, some of the ecoregion’s forests are now poised for uncharacteristically severe fires. In short,
military precision in shutting off the fire “valve” has come with enormous consequences to the health, resiliency, and the landscape patchiness of the fire
mosaic that we are only now beginning to understand.

Many plant species of the Klamath-Siskiyou are finely tuned to periodic fires
of mixed severity. Conifers like knobcone pine depend on fire to burst open
seed-bearing cones that are quickly deposited in charred soils. Shrubs such as
manzanita and ceanothus persist even after the hottest fires because their seeds
lie buried within the soil. These postfire pioneers begin the process of recovery
by “fixing” nitrogen in the soils; some species develop symbiotic relationships
with mycorrhizal fungi that attach themselves to the shrubs’ roots, where they
aid in transport of nutrients and the spread of fungal mats to nearby tree
seedlings. Even some wetlands are shaped by fire.

Fall of the Fire-Resistant Giants
The insect-eating cobra lily is a species uniquely adapted to nitrogen-deficient
soils of the fen wetlands of the Klamath-Siskiyou ecoregion. The fens that
this insectivorous plant occupy contain one of the most distinctive plant
communities of the Siskiyou Mountains, with five endemic plants found
nowhere else in the world: Waldo gentian, Oregon willow-herb, large-flowered
rush-lily, purple-flowered rush-lily, and western bog violet are the fen’s
must prized possessions.12

Politically charged rhetoric and fire phobia have shaped today’s fire debate,
leading to sweeping policy changes predicated on a strategy that can never succeed ecologically. The public’s fear of fire became the opportunity for timber
interests to capture the fire debate through a deeply entrenched agenda centered on more logging. The debate over fire reached an apex in 1995 when
President Clinton signed into law the Emergency Supplemental Appropriations
and Rescissions Act. Dubbed the “Salvage Rider,” this bill ushered in a wave of
changes to forest management that were anything but healthy for fire-adapted
forests.15 Recent legislation, the Healthy Forest Restoration Act of 2003, signed
into law by President George W. Bush, continues this misguided fire policy by
seeking to fireproof forests through some of the same factors—logging and fire
suppression—that have transformed them into today’s tinderboxes.16

The cobra lily’s “appetite” for nitrogen is due to the absence of this essential
nutrient from the chemically complex ultramafic soils of the area. Ultramafic
bedrock is an important mountain-forming rock consisting of serpentinite
and peridotite rocks and soils that, from a plant’s perspective, are deficient in
vital minerals like calcium, nitrogen, phosphorus, and potassium, yet natu-
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Building on the public’s fear of fire, President Bush visited the Rogue Valley
of southwest Oregon at the height of the state’s largest fire, the Biscuit Fire
of 2002, to announce major policy changes ostensibly aimed at thinning
overgrown woods in the name of fire prevention. What the president did not
say, however, was that the “thinning” was to be paid for mainly by logging
the last of the fire-resistant giants. Ironically, the new policy could reverse
many of the beneficial effects of the fire mosaic. Instead of clearing away
small trees and underbrush as many fires do, logging removes the fireresistant giants, leaving behind piles of small trees, branches, and brush as
kindling for the next fire.

Even the dead trees retain their recovery functions for decades to centuries in
the fire mosaic. Depending on the species, dead legacy trees (or snags) can
remain upright for decades. When they eventually fall over from natural causes (rot, insect damage, lightning, wind, etc.), the downed logs provide essential nutrients for a developing forest as they act as nurseries for new seedlings.
Downed logs are eventually transformed into organically rich humus by an
army of decomposers, a process that takes centuries before the decaying log’s
presence is slowly erased. In sum, a biologically diverse and healthy forest
could not exist without its legacy components, and even the dead ones experience a second life as they lifeboat the burned area through recovery. In almost
Zen-like fashion, the cyclical nature of life and death is joined at the hip by
fire. Logging that removes legacy trees, replacing them with flammable and
biologically impoverished tree farms, interrupts these important recovery
functions. The same satellite images of the ecoregion reveal that tree plantations burn at much higher severities than do natural forests.23 In fact, logging
and conversion to tree plantations have set the stage for a dangerous wildfirelogging-wildfire feedback loop whereby forests burn and are then logged and
planted to tree plantations, only to burn even hotter in the next fire. Despite
arguments made by the timber industry and proponents of the Healthy Forest
Restoration Act, logging will not fireproof forests.

Many fire ecologists have noted that large trees are insurance for the future
—they are critical to ecosystem health.17 The thick, corky bark of large sugar pine and ponderosa pine confers a resistance to low- to moderate-severity
fires, similar to the fiberglass insulation in a home. It takes over 100 years
for trees, particularly large pines, to acquire these fire-insulating properties.
But once present, a mature pine can survive up to an hour of moderateintensity fire at its base.18
Today’s forests have fewer large trees and much greater numbers of small ones,
in some places planted in dense rows as tree farms. In sum, logging and fire
suppression acting alone or together have transformed the fire mosaic from
fire-adapted systems to fire-prone landscapes, priming the fire pump for
uncharacteristically severe wildfires.

Roads as Fire Fuses, Plantations as Firebombs
More than 30,000 miles of roads crisscross the fire mosaic of the KlamathSiskiyou ecoregion.24 This spaghetti-like network of roads is enough to complete 50 round-trips across the entire north-south distance of Oregon. Roads
act as pathways for fire ignitions—because they provide access to forests,
where people may set fires, by accident or arson—and also for the invasion of
fire-prone alien species. The ignition pathway of roads may combine with the
flammability of tree plantations much in the same way as fuse is to bomb.
However, the relationship between fire and roads is a difficult one for the
public and many politicians to grasp. On the one hand, access during fire is
important in setting up defensible space for firefighters to conduct suppression activities, including setting backburns to prevent fires from reaching
timber or houses. On the other hand, the contribution of roads to fire ignitions is seldom considered in fire planning. Instead, most fire managers focus
on hazardous fuels (flammable vegetation) rather than ignition sources.
Managers involved in fire planning need to take off their fuel blinders and
weigh the benefits of road access against the significant risks associated with
roads as conduits for fire ignition and exotic weeds. This means developing a
transportation plan that strategically targets some roads for seasonal closure
and obliteration. Moreover, through a prioritization process, managers can
identify the intersection of high road densities (human-related ignition
sources) and high fuel loads (hazardous fuels) to determine where risk reduction treatments like thinning small trees and closing roads seasonally
would be most effective. Often, this intersection occurs at the wildland-urban
interface (the place where human homes abut forests) and should be the
target of fire risk reduction treatments.25 Common sense, supported by fire
science, indicates that treating fuels near forest homes is prudent insurance
for reducing the risk of uncharacteristic fire events.

Across the dry interior West, high tree densities, principally caused by past
timber management and decades of fire suppression, are a major contributor
to today’s heightened fire severity.19 Typically, when fire hits densely stocked
tree plantations, it encounters a continuous layer of ground and nearsurface fuels that contribute to rapid fire spread and consumption of
tree crowns. Closer to home and since the first satellites began snapping
images of spaceship Earth in the 1970s, including the Klamath-Siskiyou,
more than 50,000 acres of forests have been cut down each year.20 The rate
and scale of logging far eclipsed the magnitude and type of ecosystem change
caused by fire over the same time frame. Even during high-severity fires,
pockets of large trees and understory plants survive as seed banks. The survivors of fire “lifeboat” the recovering burned forest as their seeds propagate
burned areas.21 As the forest recovers, the survivors act as biological “legacies,” transferring their life-giving recovery functions to the burned forest
within which they are embedded.
Legacy trees provide many recovery functions vital to postfire recovering
forests, including:
● Shade and relatively moist microclimates for seedling propagation.
Burned forests with large live and dead trees have soil temperatures
several degrees cooler than similar forests that have been logged.
● Habitat for scores of insect-eating bats, birds, and parasitic wasps that
help keep destructive insects at bay following fires.
● Stabilization of soils from erosion by “anchoring” them through the
tree’s extensive root mass.
● Pockets of seed sources that act as recolonization sites for plant propagules and habitat for wildlife involved in seed dispersal.
● Energy and nutrient pathways as dead trees are processed by decomposers and minerals returned to soils.
● Fish-hiding and spawning cover from logs that fall into streams.22

Cattle as Contributing Agents of Fire-Proneness
The reduction in biomass of fine plant fuels (native grasses and forbs) by livestock grazing has reduced fire frequency and increased tree invasion in parts
of the West.26 Livestock grazing exposes mineral soils to rapidly advancing
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exotic weeds and conifers that can overtake native plant communities. The
effects of cattle can be particularly damaging to fire mosaics. Over the years,
cows can remove fine fuels associated with ground-burning fires while avoiding less palatable shrubs and small trees. The result is a landscape where fire,
instead of being carried along the ground by native grasses, can be passed like
a baton from flammable shrubs to tree crowns. When combined with fire suppression, cattle can be a major factor involved in the loss and degradation of
many fire-adapted native pine-oak woodlands and oak savannahs.27

whose spores hitch a ride on the undercarriage of muddy logging trucks, which
pick them up in wet areas and deposit them in streams; the spores then float
downstream, affixing themselves to the roots of other cedars along the way.28
Notably, the healthiest populations of both cedar and salmon are in roadless
areas, free of vehicular traffic and the deadly fungal spores.29

the biscuit fire mosaic
The summer of 2002 produced record-breaking triple-digit temperatures in
southwest Oregon’s Siskiyou Mountains. Forests were already stressed by heat
and low humidity from two successive dry summers, with the driest summer
on record in 2001. Fire danger gauges in the Siskiyous in early July 2002 were
at peak levels, uncharacteristically high for this time of the year and a predictor of large fire events. During the week of July 12–15, 12,000 lightning strikes
were recorded throughout Oregon, igniting 375 fires. Of these, 240 were on
federal lands in southwest Oregon, and 16 of these 240 grew to be larger than
100 acres.30 The biggest fire in Oregon’s history would soon follow from lightning strikes during a two-day period in that same week.

The Siskiyou Wild Rivers Area
The Siskiyou Wild Rivers area of about a million acres in the southwest corner
of Oregon is a hotspot of the ecoregion’s outstanding biodiversity. With its beacon the Kalmiopsis Wilderness, some of the most remote and rugged terrain
along the Pacific Coast occurs here, including five national wild and scenic
rivers and nine candidates for wild and scenic designation, 27 botanically significant designations, the headwaters of the Chetco and Smith rivers, the
Smith River National Recreation Area, and the National Wild and Scenic
Illinois River and its tributaries. The Siskiyou Wild Rivers area was proposed
as a national monument in 2000 for its extraordinary biodiversity. The area
derives its scenic values from its remarkable emerald green waters, which are
colored by bedrock deposition from the area’s exceptionally high concentration of serpentine peridotite. In terms of fire, the Siskiyou Wild Rivers area is
the Yellowstone of the Pacific Coast, with fire returning every 5 to 75 years to
make its mark on a stunningly complex and botanically diverse landscape.

On July 12–13, lightning triggered five small fires in the Kalmiopsis Wilderness
and South Kalmiopsis Roadless Area. Specifically, the fire began in the Sourdough Camp of the North Fork of the Smith River within the South Kalmiopsis
Roadless Area and in the Florence Creek drainage of the Kalmiopsis Wilderness. Some of the smaller fires would join up as the Sour-Biscuit and Florence
fires, and eventually these would merge to become the Biscuit.
The Biscuit Fire of 2002 was a terrain- and weather-driven event. Bulldozers,
fire lines, and air tankers were no match for high winds, regional drought,
and steep canyons. What began as small lightning-triggered fires was, within 10 days, in places a huge blaze racing up hillsides. A week after the
Siskiyou fires began, crews were assigned to a fire that was building beyond
suppression capabilities.

The Siskiyou Wild Rivers area also is the Pacific Coast’s “outback,” as it contains the largest complex of undeveloped roadless lands from Baja California
to Canada. Roadless areas are strongholds for endangered salmon and rare,
endemic conifers like the Port Orford cedar. The cedar, in particular, is a “keystone” species (i.e., essential to the health and survival of many species), providing shaded stream banks and cool waters for spawning salmon and
stream-dwelling amphibians, and anchoring stream banks through its fibrous
roots. However, the cedar is being devastated by an exotic root-rot fungus

Over a three-day period (July 25–27), the fire grew at an alarming rate of
60,000 acres each day, spewing firebrands miles ahead of advancing flames.
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A fire plume was reported topping out at 30,000 feet, where smoke plunged
through the atmosphere, and atmospheric temperature differences created a
downward pressure gradient that pushed the fire up steep canyons. High
winds combined with steep slopes to precook soils and vegetation ahead of
approaching flames. The Florence and Sour-Biscuit fires would take advantage of these conditions to merge on August 6. By then, the towns of Cave
Junction, Selma, Galice, and surrounding communities were placed on 30minute evacuation notice while fire crews bulldozed fire lines and lit backburns. The cooler, moister conditions of the Pacific Coast fog belt would act
as a natural barrier to prevent the fire from reaching coastal communities. In
the end, the Biscuit Fire would burn for 120 days across nearly 500,000
acres, performing many of the same ecosystem functions that its predecessors
had done countless times before. It was eventually declared “controlled” on
November 8 as fall rains began in earnest.31

and helicopters dumped tons of fire retardants. Based on estimates from fire
ecologists, approximately one-third of the fire was the result of backburns
ignited during extreme meterological conditions to prevent the fire from
spilling over into populated areas to the east as well as along the western fire
perimeter, where timber was a concern.32
While the media portrayed the Biscuit Fire as a “catastrophic” event that
“scorched” nearly half a million acres and the Forest Service claimed that the
Biscuit was unusually severe, the fire actually burned in a mixed-severity pattern typical of the western Siskiyous. In fact, using Forest Service estimates
of vegetation mortality derived from satellite images taken before and after
the fire, 57 percent of the fire area had no or low vegetation damage, 25 percent had moderate damage (all vegetation dead but needles and leaves
remain), and 18 percent had high damage (trees dead with few or no needles
or leaves, primarily from crown fires).33 Although comparing fire severities
among fire events is confounded by differences in how researchers estimate
severity and the degree of backburning influences, these estimates are within
the range of mixed-severity proportions reported elsewhere in the KlamathSiskiyou ecoregion since at least 1977.34 Thus, contrary to assertions that
the Biscuit Fire produced a “charred moonscape,” the fire effects appear to
have been within the range of fire’s varied effects.

According to Forest Service figures, during the peak of the blaze, 7,000 firefighters and support personnel were engaged at a record-breaking cost of over
$150 million, the largest and most costly fire suppression ever undertaken.
During the fire, crews bulldozed over 400 miles of fire lines, while air tankers

recovery after the fire

Opposite, left: Example of a “mosaic” burn. Wildland fires usually
burn in a mosaic pattern, with some areas burned at varying degrees
of intensity and other areas not burned at all. Nearly 60 percent of the
Biscuit burn had little or no effect on prefire vegetation.

Photographs taken one to two years after the Biscuit burn reveal a classic fire
mosaic pattern with examples of low-, moderate-, and high-severity fire at the
landscape level. Wildflowers and pioneering mosses carpeted charred soils,
jump-starting the process of renewal. Rare plants like Sadler’s oak, endemic
to the Siskiyous, sprouted from burned stumps, extracting life from the lifeless. Important shrub species like the nitrogen-fixing ceanothus and the mycorrhizal-symbiotic manzanita sprang from the ashes, preparing soils for a
procession of plant changes that in places will eventually give rise to a mixedevergreen forest. A bumper crop of whitish flowers was produced by crimsoncolored Pacific madrone, a hardwood tree that survived the fire, exposing its
bright red berries to a cadre of seed-dispersing birds and small rodents. Cobra

Opposite, right: Erosion caused by salvage logging in the Quartz Creek
area of southwest Oregon.
This page, left: Siskiyou Wild Rivers area, fall 2001, before the Biscuit
Fire of 2002. This area was proposed for national monument protection
in 2000, becoming the focal point of a debate over massive salvage
logging operations.
This page, right: Biscuit Fire “salvage” logging. Note the extensive
damage to the soils and the removal of large postfire legacies (big
stumps and logs). Logging such as this can set back recovery of the
fire mosaic for decades or prevent it entirely.
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salvage logging

lily fens punctuated burned fens with renewed vigor since competing azaleas
had been cleared out by low-burning fire. Jeffrey pine savannahs unveiled an
aromatic display of wildflowers, including rare species of Calochortus. At
higher elevations, seeds of pinecones burst open by hot flames were consumed
by voracious flocks of pine siskins, which occasionally pooped the seeds onto
charred soils. Even in high-severity burn areas, small islands of live trees clung
to life, performing legacy functions with clockwork efficiency. In fact, according to a computer mapping analysis by scientists from the Conservation
Biology Institute, over 90 percent of burned areas were within 660 feet of
patches of live trees that act as natural seed banks—the “Johnny Appleseeds”
of the recovering forest.35 Contrary to fire propaganda, the Biscuit Fire was
not a catastrophe but a force of nature, sculpting the area’s magnificent firedependent ecology as had its many predecessors.

While there is much to learn about the specifics of postfire logging impacts, a
growing body of literature indicates this activity is usually damaging to postfire recovery.41 Salvage logging removes the recovering forest’s legacies, leaving
behind flammable slash to contribute to future fire spread. In fact, the 1987
Silver Fire, which raced through a portion of the same landscape as did the
Biscuit, and the 2002 Biscuit Fire offer opportunities for scientists to compare
notes. Where these two fires overlapped, fire severity was over twice as high in
areas that had been logged postfire as in those that had not.42 Other scientists
report that the removal of more than 25 to 40 percent of the standing volume
of trees in an area could trigger sediment delivery to creeks.43 This is why scientists have proposed strict guidelines for postfire logging to minimize environmental damages, including: (1) avoiding steep slopes (generally greater than a
40 percent grade); (2) staying out of roadless areas, old-growth reserves, and
streamside habitats; (3) retaining all large-diameter and old trees (greater than
20 inches diameter at breast height, and more than 150 years old); and (4)
avoiding fragile, intensely burned soils.44 If the Forest Service were to adhere
to these guidelines, the volume of trees logged from the Biscuit Fire would be
drastically reduced, but the ecological damage would be minimized.

Death of the Fire Mosaic by a Thousand Cuts
As of 2004, the Siskiyou Wild Rivers area is caught in the crosshairs of a
national debate on what to do with large postfire recovering landscapes.
Almost immediately after the Biscuit Fire, the Forest Service began planning
for “restorative” and economic activities in burned areas, vowing to stay out
of roadless areas and old-growth reserves but proposing alternatives amounting to 100 million board feet of timber (the equivalent of approximately
20,000 fully loaded logging trucks, each carrying 5,000 board feet). However,
soon after, foresters from Oregon State University submitted a report (known
as the Sessions report, after the lead author) to the Forest Service estimating
that over 2 billion board feet (400,000 logging trucks’ worth) was available
from the fire area. The Sessions report delayed the planning process and triggered a public outcry as the Forest Service inserted two additional logging
alternatives into its environmental impact statement, dramatically increasing
the proposed volume to over 500 million board feet (100,000 logging trucks’
worth).36 The additional logging alternatives proposed by the Forest Service
called for five times the initial volume proposed by the agency in its original
scoping (agency scoping is done prior to an environmental assessment to help
draft the range of alternatives); most of the added volume would come from
sensitive watersheds, roadless areas, and old-growth reserves.37

conifer planting and reseeding
Often forest crews rush into a burn area to stock it with trees grown at nurseries under controlled environmental conditions. While some foresters argue
that this is necessary for producing a “forest” rather than a brush field,45 an
engineered forest is no substitute for nature’s varied gene pool, which has provided the evolutionary cradle for well-adapted recovery sequences inherent to
the fire mosaic. The Klamath-Siskiyou ecoregion, and the western Siskiyous
in particular, have periodically experienced climatic changes dating back millions of years. Numerous species have survived these changes as relicts of
bygone epochs, such as Port Orford cedar and Brewer’s spruce, or have found
refuge within the area’s varied climate. While there will be winners and losers
in a changing global climate, the region’s complex terrain and corresponding
climatic gradients combined with a varied gene pool provide conditions for
many species to weather the coming climate storm. It is naive to think that a
forest and its complex gene pool can be engineered for any purpose other than
commodity-producing forestry. Proponents of intensive engineering of the fire
mosaic should heed the humbling words of former Forest Service chief Jack
Ward Thomas: “Ecosystems are not only complex, they are more complex than
we can imagine.” This is true for all levels of biological diversity, from gene
pool to species to communities to ecosystems to fire mosaic to biosphere. The
Yellowstone of the West Coast is no place for widespread tree farms or poorly
conceived engineering experiments in salvage logging as proposed by the
Forest Service and their backers in the timber industry.

Largely because of agency errors in timber estimates, the proposed logging
project was later modified to 372 million board feet, one of the largest logging projects on federal lands in recent times. In the final analysis, the scale
of the logging project amounted to over 20 times the average estimated logging rate in the Siskiyous since the listing of the northern spotted owl as a
threatened species in 1990.
In addition, the Forest Service has proposed planting approximately 25,400
acres for “future commercial wood production and late-successional habitat.” 38 This combination of tree planting and salvage logging could set into
motion the wildfire-logging-wildfire feedback loop already reported for the
Marbled Mountains just to the south.39 The Sessions report argued that the
“window of opportunity” for recovering forests after the burn was closing fast
and that intervention was the best means for leapfrogging nature’s persistent
but slower succession of brushy field to forest. Global climate change was
turned into justification for planting trees since it was argued that forests
would take too long (100 years) to recover in drier climates dominated by
brush—even though this is the typical successional sequence responsible for
the mixed-evergreen forests of these mountains.40

late-successional logging
Another assertion is that salvage logging can accelerate recovery of old-growth
forests by bypassing earlier successional steps and is needed to restore habitat
for the threatened northern spotted owl.46 This claim is based on the assumption that logging dead trees followed by planting conifers is preferred over
natural recovery and that revenues from dead trees are needed to pay for purported “restorative” activities. However, this approach could in fact have the
opposite effect by damaging recovering soils, inhibiting natural postfire recovery processes, and removing the recovering forests’ legacies—particularly the
large dead and living trees. Further, evidence from spotted owl monitoring in
northern California indicates that the owl’s reproductive fitness is best served
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in the fire mosaic.47 One of the primary prey items of the northern spotted owl,
the dusky woodrat, thrives in young recovering forests; yet in the Pacific
Northwest, naturally recovering forests following fire are even sparser than
old-growth forests.48 Thus, the fire mosaic produces everything the owl needs
—young naturally recovering forests that offer a select food menu and older
fire-surviving legacies that provide proper bedroom conditions.

remoteness of some of these areas offer the best opportunities to maintain remnants of the historic fire mosaic.
● Do no harm in postfire recovery management. The Hippocratic oath
should be the standard by which we evaluate postfire recovery projects. That
is, the burden of proof should be on those who wish to salvage-log and plant:
they must demonstrate that such activities will not jeopardize natural recovery and that they are needed ecologically.

removal of biological legacies
Contrary to pro-salvage logging assertions, insect outbreaks are not an eventuality following fire, and salvage logging of biological legacies has limited effect
on outbreaks. According to Forest Service documents, there was no buildup of
insect populations in the Biscuit area prior to the fire,49 and other than populations of woodboring beetles just east of the burn area, there do not seem to be
any population buildups within the immediate area. In fact, the natural mosaic of young and old forests combined with legacies within recovering forests
may be the best remedy for dealing with insect outbreaks.50 The recovering fire
mosaic of young and old forest provides habitat for scores of insect-eating bats,
birds, and parasitic wasps that serve to increase the period between outbreaks
while dampening their effects. Removing legacy components and simplifying
postfire landscapes by planting tree farms has the opposite effect by eliminating habitat for these natural enemies of destructive insects.51

● Protect representative areas of large postfire recovering landscapes.
There are few areas of untouched postfire recovering landscapes in the West.
Even in many wilderness areas, suppression has altered fire-recovery
processes. Places as diverse as the Siskiyous warrant increased levels of
precaution with respect to postfire recovery. We know very little about how
such areas recover from fire, and studies conducted following the Yellowstone
1988 fires have shown that recovery can be surprisingly rapid and prolific.52
The Siskiyou Wild Rivers area has enormous potential for natural postfire
recovery that rivals Yellowstone, and it should be studied as a large Research
Natural Area or biological preserve.
● Thin fire-prone tree plantations. Defuse the plantation firebomb in at
least four ways: (1) stop the conversion of native forests to firebombs; (2)
plant small trees in low densities and avoid dense rows that can exacerbate
fuel loads; (3) thin tree plantations to reduce ladder fuels and accelerate the
development of fire-resistant trees; and (4) treat thinned plantations with
prescribed fire where appropriate. Plantation management should include
seasonal road closures.

Learning from the Fire Mosaic
If the current fire-phobic paradigm continues, future generations will face a
landscape that is more (not less) prone to fire and devoid of many essential
postfire recovery processes provided by the unique and biologically rich firecreated mosaic. Each fire season, we struggle for a magic bullet to the fire crisis, applying one-size-fits-all strategies to a Rubik’s Cube of pre- and postfire
problems caused by the very same factors used in the presumed “cure.” If we
are to live sustainably and safely in fire habitat, we must work with, rather
than against nature and draw lessons from the fire mosaic. For humans, fire,
and natural ecosystems to coexist, we must:

● Develop fire management plans for all public lands. Most national
forests, including the Siskiyou National Forest, have yet to complete a comprehensive fire management plan. Fire management therefore has been a
knee-jerk reaction, and most fires are quickly snuffed out before they can
produce beneficial effects. Fire management plans develop criteria for when
to suppress versus when to let nature run the fire show. Without specific
criteria, land managers often face urgent decisions that may not be in the
best interests of the forest or firefighters.

● Recognize that forests cannot be “fireproofed,” particularly not
through logging. This does not mean that some forms of logging have no
place in restoring fire mosaics. When judiciously applied, tree thinning can
reduce ladder fuels (small- to medium-size trees that can transfer flames from
the ground to taller adjacent trees), particularly in artificially dense situations
such as heavily stocked tree plantations, fire-suppressed forests, and brushy
areas near homes. Thinning projects should focus on small trees and brush
and should be followed with well-managed prescribed fire to mimic wildland
fires where appropriate. Removal of small fire-prone trees can then be used as
restoration by-products for rural forest workers—nature and humans working together rather than at odds.

● Reintroduce the role of fire through prescribed fire for fire-adapted
plant communities. Prescribed fire, when judiciously applied, can simulate
the effects of wildland fire.53 However, wildland managers must match fire
prescriptions to historic conditions (e.g., seasonalities) that have maintained
fire-adapted communities. It makes no sense to set prescribed fires in knobcone pine communities or at high elevations since such areas are maintained
by high-severity burns that are a natural component of the fire mosaic. Prescribed burning would be best applied to low-elevation areas that historically have burned in low- to moderate-severity regimes but which are more
likely to burn hotter now because of fire suppression and logging. In some
cases, thinning ladder fuels may be a necessary precursor to the safe introduction of prescribed fire.

● Retain all large fire-resistant trees. A forest will not recover to prefire
levels of biological complexity and resiliency in the absence of legacies. All large
live and dead trees (greater than 20 inches diameter at breast height) should be
maintained, particularly where these trees often are fire’s only survivors.

● Conduct fire-safe management in the wildland-urban interface.
Intensive fuel reduction treatments within a narrow band (1/4 to 1/2 mile wide)
surrounding homes should be the priority, including creating “defensible
space.”54 Evidence from fire studies indicates that the combination of defensible space and homes built of fire-resistant materials (e.g., metal roofing instead

● Protect roadless areas and old-growth reserves and allow them to
recover on their own. These areas are strongholds for salmon, threatened
and endangered species, and other rare and unique plant and wildlife communities and need to be fully protected, particularly since the large size and
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of wood) can significantly reduce the risk of fire to homeowners. However, to
slow the encroachment of homes into the wildland-urban interface, communities need to plan for zoned or “smart” growth by limiting wildlands development. Insurance agencies should require homeowners to cover the costs of
exurban sprawl through higher insurance premiums and cost adjustments
based on defensible space management.

through, for example, light-touch thinning and prescribed fire.57 Outside
reserves, judiciously applied thinning could be compatible with economic and
ecological values if used in conjunction with pre- and postfire safeguards. Such
restorative actions can produce jobs through thinning small fire-prone trees
and obliterating ecologically risky roads. A landscape as rich and fragile as
the Siskiyous could benefit from a combination of treatments: no touch in the
backcountry; light touch in areas damaged by firefighting activities; aggressive thinning in flammable tree plantations and along the wildland-urban
interface; and sound restorative actions that include road obliterations, exotic
weed abatement, and well-managed prescribed fire.58

● Educate the public about fire ecology. There is a growing gap in the public’s perception of fire as the Grim Reaper versus awareness of its ecological
benefits.55 The public’s fire phobia is fed by misconceptions and media hype
about the “catastrophic” effects of fire. More examples of ecologically sound fire
management are needed to assuage the public’s fear and build trust in the Forest
Service’s ability to include conservation planning with fire risk reduction.

Humanity is at a historic crossroads over fire and federal fire management
policy. If we continue on our current fire-phobic path, forests of the West will
be less natural and healthy, and few areas will remain that have not been
greatly engineered. We must instead forge a new relationship with fire whereby humans and fire coexist safely and beneficially, as they did historically.
While we can never turn back the clock to the days when indigenous cultures
used fire in the primordial landscapes of the West, humanity must now work
with nature if we are going to have both landscapes as diverse as the Siskiyous
and fire-safe communities. But to live in the company of fire-resistant giants
created by the fire mosaic, we must also realize nature’s remarkable capacity
to renew itself through fire’s many contributions.59

● Educate policymakers and land managers about fire. It is unfortunate
that fire has become the trump card for reversing many landmark environmental laws. While the science of fire ecology is countering some of the firephobic rhetoric, more scientists need to speak out if we are to ensure that the
best science is used to guide policy decisions. As it stands now, the amount of
misinformation about fires presented at congressional hearings and underlying most agency fire policies is quickly outpacing fire ecology research, which
is losing ground in the public arena.
● Design treatments specific to the root causes of fire problems. Few if
any decision makers or land managers deal with the complex array of root
causes of the current fire crisis. Most approaches center on treating fuels (a
symptom rather than a cause) with more logging and fire suppression (causal
agents), and fail to acknowledge the full suite of factors that can contribute to
fire-proneness, including livestock grazing, logging of fire-resistant trees, plantations, road building, suppression, and climate change. Treating fuels as the
primary target in fire prevention will fail to solve the fire crisis, particularly as
climate takes on a bigger role and as more fire-resilient forests are replaced
with firebomb plantations.

Fire fire . . . blessed be the fire.
Fire Spirit, dancing flame,
calls me out, she calls my name.
Blessed be the fire.

● Design roads to manage ignitions. Transportation planning on federal
lands needs, once and for all, to stop building new roads and to manage existing roads through risk reduction measures that strategically and seasonally
close roads during fire season, decommission and obliterate those that are sediment traps (e.g., those on steep grades), include road closure and obliteration
for weed abatement, and restrict off-highway-vehicle access in the backcountry, especially in high-risk areas and extreme fire periods.

—Alice DiMicele, Ashland, Oregon, songwriter

The appropriate role of management with respect to fire is a decision best
made in the context of national, regional, and site-specific priorities informed
by the best available science. Applying the principles of conservation biology,
restoration ecology, and sustainable economics, land managers can prioritize
pre- and postfire landscapes for appropriate treatments by identifying places
where recovery should proceed unimpeded as well as areas where nature could
use a booster shot.56 This means letting natural recovery processes proceed
unimpaired in the backcountry—such as in wilderness, roadless areas, oldgrowth reserves, and ecologically sensitive lands—while conducting active
management based on ecological need in degraded lands (plantations) and
areas near human settlements. Proper active management may be warranted
even in some protected areas where maintenance of fire resiliency is a concern,

Revegetation two years after the 2002 Biscuit Fire,
Siskiyou National Forest, Oregon. Snags (dead trees)
created by fire are critical to postfire recovery and serve
many beneficial purposes, such as providing homes for
wildlife and nutrients for forest regrowth.
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FIRE IN THE SOUTHWEST
A Historical Context
Tom Ribe

The Southwest is a native home of fire, a place long dependent on and welcoming of this natural force.
A century and a half of intensive land uses such as grazing, logging, and fire suppression have
changed the personality of fire on the land and left society and its land managers caught between
choosing expensive and difficult ecological restoration or expensive and potentially deadly superfires.

O

Tom Ribe holds a master’s of science degree in environmental studies from
the University of Oregon and has worked as an environmental educator for
24 years. A native of northern New Mexico, Tom has served on prescribed-fire
teams at Bandelier National Monument and Yosemite National Park and is
on the board of directors of FUSEE (Firefighters United for Safety, Ethics, and
Ecology). He is currently completing a book on the 2000 Cerro Grande (Los
Alamos) Fire.

n June 18, 2002, an underemployed wildland firefighter started a fire
in the convoluted ponderosa pine landscape of the White Mountains in
eastern Arizona, perhaps to generate work for his idle fire crew. The
fire quickly got out of control and began to eat through significant acreage on
the White Mountain Apache Reservation. Fifty miles away, on June 20, a lost
delivery driver started a signal fire that ignited another forest fire. Over the
next two weeks, the two fires grew together and nearly sterilized 468,000 acres
of forestland, burning 400 homes along the way. The Rodeo-Chediski Fire
became the largest and hottest fire in southwestern history.
Forest fires have been burning for centuries in the Southwest, but a steady
ratcheting up of their size and ferocity has alarmed land managers. People are
helpless to stop most of these large blazes, for they pop up unpredictably from
a variety of human and natural causes.
The Southwest’s growing fire problem gained major media attention starting
with the 1977 La Mesa Fire near Los Alamos, New Mexico, which scorched
15,000 acres of dog-hair (very dense) ponderosa pine thickets and other forest
types, and nearly burned down part of a nuclear weapons research complex.
In 2000, the Cerro Grande Fire in the same area burned as a ferocious, winddriven crown fire over 43,000 acres, including some containing high-explosive
storage areas. That fire cost taxpayers $480 million in compensation to its
property-loss victims and reconstruction costs at government facilities. The
fire seasons of 2002 and 2003 set new records with big, untamable blazes
across Arizona, New Mexico, Colorado, and Utah. In 2003 the Aspen Fire
burned 85,000 acres and 333 structures, showering ash on nearby Tucson for
two weeks. Over the last decade, large fires have burned over most of Mesa
Verde National Park in southwestern Colorado, reducing fire-suppressed
juniper and Douglas-fir forests to open scrub fields and exposing thousands of
previously hidden archaeological sites (though such stand-replacement fires
may be natural events in the Mesa Verde ecosystem).
Something has changed in the Southwest. Fire is as native to this region as
roadrunners and ponderosa pine. Yet the fierceness of the blazes that have
occurred over the last two decades is unprecedented. Some fire seasons in the
future promise more of the same as land managers and politicians struggle

Aspen forest, with an understory of white fir, Kaibab Plateau,
Kaibab National Forest, Arizona. Without the presence of natural
fires, the shade-tolerant, highly flammable white fir eventually
shades out and replaces the aspen.
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with the scale and depth of the problem. What happened to natural fire in
the Southwest to change it from a positive, natural element to a sometimesnegative force menacing people and forests alike?

and coolly through the grass. If the grasses were wet at the onset, fire spread
would be limited. If the grasses were dry, the fires would continue burning
until rain or snow put them out or until they hit barriers such as cliffs, streams,
or riparian areas that were minimally flammable. Grasses not only survived
such fires, they were stimulated and nurtured by them.

Prehistoric Fire in the Southwest
The story of fire in the Southwest is a story of lost wilderness. Perhaps nowhere
in North America is fire more an integral part of wildland health than in the
Four Corners states of the American Southwest — Colorado, Utah, New
Mexico, and Arizona—and the northern mountains of Mexico. In this dry,
mountainous region, fire is a keystone element. All native species here have
evolved with fire, either directly or indirectly. As important as any other physical element, prehistoric fire in the Southwest nurtured the base of the ecosystem and allowed plant and animal life to flourish. As the ecology of the region
has altered from the post-Pleistocene wilderness that persisted until the 1870s,
we have seen fire change from an integral evolutionary force to an unruly and
often destructive agent of radical environmental change. Unquestionably the
most important ecological and environmental force in the prehistoric Southwest was fire. (In the Southwest, “prehistory” can be considered to end with
the arrival of Spanish explorers in 1540.) In a region where the rainfall averages less than 15 inches (38.1 cm) over the majority of the landscape and
relative humidity stays below 20 percent most of the year, decay by biological
means is slow. The dryness of the atmosphere, the region’s topography, and
the dynamics of the region’s atmospheric moisture lead to frequent lightning
storms, which jab at the landscape from cumulus clouds, starting wildfires as
soon as significant convection begins in the summer.

The Southwest is a landscape of mountains and valleys, ranging from the
over-14,000-feet-high Sangre de Cristo Mountains of northern New Mexico
and southern Colorado, to southern mountains such as the Dragoon and Gila
mountains, which rise to 8,000 feet above desert valleys, to the valleys themselves at around 5,000 feet in elevation. This island geography encompasses
the San Francisco Peaks of northern Arizona, the Abajo and La Sal mountains of southern Utah, and on down through New Mexico and Arizona to the
fringes of the Chihuahua, Sonoran, and Mojave deserts to the south and west,
where vegetation shifts and fire regimes change with decreasing elevation.
Fire ecology similar to the high-desert Southwest exists in the Great Basin
deserts to the north and west.
In prehistoric times, the Southwest’s valleys were filled with perennial grasslands, blended with sparse stands of desert scrub like pinyon pine and juniper
in the higher valleys and deciduous desert scrub like catclaw in the more southern valleys. Pinyon and juniper woodlands merged to ponderosa pine forests
at middle elevations (7,000–9,000 feet) and thence into mixed-conifer highlands, depending on the latitude of the mountains. Ponderosa pine forests
were open parklands of mostly older (100- to 600-year-old) trees, with thick
grama and bunch grasses at their bases. Those grasses prohibited most pine
seeds from taking root, and they carried frequent, widespread low-intensity
fires that would kill most tree seedlings that did get past their grassy competitors. Streams flowed from mountains in relative abundance to the valleys below
to join larger rivers like the Gila, Rio Puerco, Rio Grande, Pecos, San Pedro,
and San Juan. Those streams and rivers were sheltered by willow and cottonwood riparian forests, where beaver created wetlands critical to subsurface
hydrology, and wolves and grizzly bears lurked among the flood-nurtured trees.

Despite the presence of agrarian human settlements over much of the Southwest beginning around 1,200 years ago, it was a wild region where wolves and
grizzly bears topped a food chain based primarily on perennial fire-stimulated
grasses. From prolific bird life to small mammals that thrived on grasses, the
region supported large grazers and browsers such as Rocky Mountain elk,
desert bighorn, mule deer, antelope, and a few bison. Wolves kept these large
animals moving and allowed woody deciduous plants like aspen to thrive, even
while the wolves lived primarily on mice and other small mammals amid the
grasses. Fire, not grazing, was the primary nurturing disturbance from the
low valleys to the high mixed-conifer ecosystems, and fire was the primary
force of decay and nutrient release for dead vegetation.

Prehistoric fires burned the needles cast from conifers, freeing nutrients and
opening the ground for grasses and forbs. Fire prevented the pinyon and
juniper from invading the ponderosa pine forests and largely kept the white fir
and Douglas-fir from moving down into the ponderosa pine zone. Spreading
ground fires kept the prolifically seeding ponderosa pine from creating thickets, and an abundance of wildlife from large predators to birds of all sizes
thrived on the grass seed and the small mammals that proliferated in this
grass-rich environment. In the valleys and foothills, larger pinyon pine and
juniper would survive surface fires, but many of their offspring would not.
Thus fire protected and encouraged old-growth forests.

In the high-desert environment, upper-atmosphere moisture circulates up
from the Gulf of Mexico and the South Pacific and condenses in huge cumulus
clouds over the mountains with their summer updrafts. Lightning forks down,
hitting trees on the ridges or midslope, often starting wildfires. (Between 1985
and 1994, for example, there were 160,000 lightning strikes in northern New
Mexico’s Jemez Mountains.)1 A tree burning at its top would shower coals
down into the grasses below, where fire would spread at low temperature
through the grass, singeing the bark of the old trees and moving on. Before
1900 such fires would burn up into the high country until the higher fuel moistures above 9,000 feet would snuff out the flames. Meanwhile, the lower edge
of the fire could extend out into the river valley grasslands, flashing quickly

In 1826, James Pattie traversed the Gila River drainage and wrote that after
one day of travel, “we were fatigued by the difficulty of getting through the
high grass which covered the heavily timbered bottom.” 2 Joseph Rothrock of
the 1873 Wheeler survey described the “luxuriant bunchgrasses covering the
ground as thickly as it could stand.” 3 Clearly, grass cover with all its benefits
for erosion control, wildlife, and maintenance of forest structure was intact, in
parts of the region, up to the end of the 1800s.

Ponderosa pine forest. Fire suppression has allowed young pines
to survive, thus creating much denser forest stands, which are more
conducive to large blazes that kill mature pines. In ways such as
these, fire suppression affects the balance of an ecosystem.

In the fire-dependent ponderosa pine forests that were common in the Southwest, prehistoric fires would typically stay on the forest floor, occasionally flaring into treetops, “torching” patches of trees or perhaps running with the wind
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in crowns of middle-aged trees in times of coincidental drought and high wind.
Even so, running crown fires were rare, and there is no reason to believe that
crown fires of the scale we see today ever occurred in prehistoric times.
Fire ranged over the entire region, and tree-ring research shows that fires
burned every 5 to 20 years in most middle-elevation forest areas of the Southwest. These ground fires would get more active in the periodic droughts that
have challenged the Southwest since major climate change at the end of the last
Pleistocene ice extension 10,000 years ago. Tree-ring studies reveal “regional
fire years” in which large fires would burn here and there over the entire region
at the same time. Ecologists Craig Allen and Thomas Swetnam found that there
were 122 regional fire years between 1480 and 1900, according to fire scar data
gathered across the Southwest.4 It is highly likely that many areas of today’s
Four Corners states had fire epidemics in those same dry, regional fire years.
Further, Craig Allen’s research shows that before 1877, watershed-wide fires
occurred in the Jemez Mountains approximately every 16 years.5

in northern New Mexico and northern Arizona, were the region’s northern
mountains opened to livestock grazing.11

stripped out trees of all sizes to meet the demand. The federal government
regulated logging only minimally.

In 1880, the railroads threaded into the Southwest, and an aggressively capitalistic economy previously unknown to the region came with them. Livestock numbers soared, particularly in New Mexico, which became the largest
sheep-producing area of the United States. According to some accounts, by
1884 there were 5.5 million sheep in New Mexico.12 The Navajo built sheep
flocks by borrowing animals from the abundant northern Rio Grande Valley
flocks as soon as sheep ranching began in earnest in the Southwest, thus
beginning the desertification of northern Arizona’s Colorado Plateau. By
1850 the Navajo had 500,000 sheep.13

Logging was the third blow (following livestock grazing and fire suppression)
to the Southwest’s ecosystems. Cutting out big trees opened the ground to
increased sunlight, stimulating the growth of seedlings and brush and drying
the soil. Removal of logs and fire changed delicate nutrient cycling that had
persisted for centuries. As soil ecology deteriorated, soil erosion increased,
with tons of soil washing off mountainsides, filling stream and rivers and
reducing grass and forb cover over once-verdant areas.20

By 1890 the sheep industry began to give way to the cattle industry because of
economic pressures, including the fencing of the once-open range, declining
demand for wool and mutton, increasing demand for beef, and growing political control of the public domain by cattlemen.14 Cattle became a permanent
part of the landscape where no ecologically analogous beast had lived before.15
Meanwhile, large herds of feral horses could be seen across the Southwest. By
1900 the height and density of most native grasses had been greatly reduced
by livestock grazing regionally, while major erosion and vegetation changes set
in as livestock consumed native vegetation.16 At the same time, beaver, which
had facilitated water infiltration into soils and aquifers by creating millions of
acres of high- and low-elevation wetlands, were trapped out by mountain men
for pelt sales to Europe and killed by ranchers, beginning the desiccation of
canyons and forests. Many streams stopped flowing from the mountains to the
larger rivers, springs dried up, and riparian forests vanished, replaced by barren arroyos (gullies) that further contributed to dropping water tables.

This prehistoric fire world of semiregular ground fires over most acres in the
Southwest went on until industrial-scale land exploitation came to the region
around 1880.6 And while the Pueblo, Ute, Apache, and Navajo had lived in the
region for varying lengths of time, any fire they started on the landscape would
have largely blended in with naturally started fires and would not have had
appreciable ecological effect outside of the natural fire cycle, given the frequency
of lightning fires and the fuel regimes that resulted.7 Further, these native peoples had no domestic livestock before the arrival of the Spanish in the 16th century, and their main impact on the landscape was predation on mammals and
removal of woody fuels for firewood over large areas near their villages.

The 1980s were a relatively wet period in the Southwest, and public alarm over
the big fires of the 1970s seem to calm. With a century of ecological damage
from livestock grazing, logging, and fire suppression, fires were finding heavy
fuels in forests with up to 3,000 stems per acre as opposed to the 20 to 50 stems
per acre in historic forests on the same location with a natural fire regime.26
The two major forest managing agencies in the Southwest, the U.S. Forest
Service and the National Park Service, have responded to the growing fire crisis in different ways. With rare exceptions (the Gila National Forest being the
most notable), the Forest Service continues to fight most fires on the majority
of southwestern national forests, viewing fire as a commodity-damaging
nuisance similar to insect infestation. Although since the 1990s the Forest Service has gradually eased away from its tree-cropping focus toward a more
scientifically oriented land management philosophy and has begun greater
use of prescribed fire, the acreage treated relative to that overloaded with fuels
is still far out of balance. Today, many in the Forest Service recognize the need
to allow low-intensity fire back into southwestern national forests, but funding for prescribed burning continues to fall far short of what is needed. For
its part, since the 1980s the National Park Service has worked consistently
to reestablish natural fire cycles in the national parks and monuments of
the Southwest, with aggressive prescribed and wildland fire use programs
(allowing lightning-started fires to burn within acceptable conditions and
boundaries) and a cautious approach to firefighting that focuses on protecting
natural and cultural elements (such as ruins of prehistoric settlements) on the
landscape. Based on a fire research program, prescribed fires in parks such as
Bandelier, Grand Canyon, and El Malpais have been geared toward reintroducing fire at natural intervals on almost all acres of NPS lands in these parks
and in parks elsewhere in the region.27

By 1930 the grasslands of the Southwest were all but gone, and federal efforts
to destroy grizzly bears and wolves, which had turned to preying on livestock
following the loss of their native food sources, finally succeeded. The region’s
hydrology shifted as water infiltration to aquifers both shallow and deep
declined following major changes to streams and grasslands and the loss of
beaver. Many of the region’s animal populations went into freefall, and its
wilderness ecology collapsed.21
Briefly, in the 1920s, a debate had flared between those who would suppress all
fires on the forest reserves and those, like Gila Forest Reserve’s Aldo Leopold,
who suspected fire may belong in forests.22 However, Wisconsin’s Peshtigo Fire
in 1871 (3,780,000 acres burned and at least 1,200 humans dead)23 and the
1910 Big Blowup in western Montana and northern Idaho (more than 3 million acres burned, 85 firefighters dead)24 had been too traumatic for the nation.
Any talk of truce or treaty with wildland fire would have to wait, and public
land agencies set about putting out fire with a determination that would not be
dissipated by contrary evidence, or by the increasing futility of their efforts.

The Contemporary World of Southwest Fire
Because livestock grazing had devastated grasses in both the valleys and the
mountains, spreading surface fires, which had been the root of ecological balance in the region, all but ceased by 1877.17 Though forest fires still occurred
in the mountains, their fuels had changed from grasslands to pine duff and
tree thickets, and the ecological role of forest fire began to shift.18

Today, the Southwest is a land of relatively barren, deeply eroded (often
urbanized) valleys and overly thick upland forests. The wolf and the grizzly
bear are gone, the beaver is all but gone, exotic vegetation competes with
native vegetation in key environments, and fire has a radically different place
in the current landscape. Deep human misperceptions about nature have
forced dramatic change on the regional ecology.

In 1891, the federal government began to set up forest reserves in the Southwest to control lawless grazing and logging, which had been precipitating violence and decimating natural resources on the public domain.19 In
1903, federal rangers began to fight forest fires, believing that fire was harmful to timber and livestock interests. Early forest reserve employees took particular note of how fire killed tree seedlings and used this issue to justify
aggressive fire control. As fire suppression took hold, extremely flammable
fuel accumulations developed. Meanwhile, people blithely transferred their
fear of structural fires to forests, which, however, had long depended upon fire
as part of the natural ecology. Around 1915 a wet decade began, causing a
burst of tree seedling growth in the nearly barren soils of southwestern ponderosa pine and mixed-conifer forests. The ensuing excessive and unnatural
crop of seedlings would grow into dog-hair tree thickets that would fuel superfires 60 years later and beyond.

By far the most profound element of change in the Southwest has been livestock
grazing.8 Spanish explorers brought livestock to the Southwest for the first time
in the mid-1500s. They introduced cows, sheep, and horses to the region as a
portable food supply, as transportation, and for breeding. Francisco Vásquez
de Coronado brought 5,000 sheep with him in 1540, and Juan de Oñate had
7,000 head of livestock of various breeds with his conquest party in 1598.9
Those livestock began to strip out the native grasses in New Mexico and
later throughout the region. Not only was grazing concentrated and persistent, no native animals had impacted grasses in the same way that cows and
sheep did.10 Spanish settlers who followed the conquistadores expanded livestock grazing. In colonial New Mexico (the 17th and 18th centuries), 20 families had 3 million sheep. The sheep industry expanded further in the early
1900s, when sheep raising exploded as an export business. Yet Apache
attacks kept stockmen out of most mountains in the Southwest, forcing
settlers to pasture their sheep and cows in the valleys close to their villages.
Even there, sheep were often stolen, and herders were attacked. Not until
1860, when the Apache and Navajo were finally subdued by the U.S. Army

Logging of the large old trees that had been nurtured by fire began in earnest
with the coming of the railroads in 1880. Loggers built temporary railroads
into the Zuni and Jemez mountains of New Mexico and hauled out ponderosa
pine and Douglas-fir trees up to 600 years old. Demand for rail ties swept the
region as the railroads were being built, and people living in rural areas
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The Modern Era: Superfires and the War on Nature

The NPS prescribed-fire program attained national notoriety and was dealt a
severe setback in May 2000, when the 1,000-acre Cerro Grande prescribed
burn at Bandelier National Monument escaped onto adjacent Forest Service
land and burned 42,000 acres, including 250 homes in Los Alamos, New
Mexico. In the same week, and because of the same wind event, Grand Canyon
National Park employees lost control of the Outlet prescribed burn on the
North Rim, drawing more criticism to NPS prescribed-fire programs. Ironically, the Cerro Grande wildfire started from a fuel reduction program on national park land, but the vast majority of it burned over fuel-choked national
forest land close to Los Alamos, where very little fuel reduction work had been
done over the preceding decades. In the few places where the Forest Service
had done thinning work, the fire dropped from the forest crowns to the ground.
The park service took the brunt of blame for the fire, though its ferocity resulted from heavy fuels on poorly managed national forest lands.

In the 1950s, policymakers and foresters in the Southwest were being pressed
between two opposing fire-activity graph lines. On the one hand, the number
of fires overall had begun to decline precipitously after fine fuels were decimated by livestock grazing around the turn of the century. Yet the size and severity
of fires was trending in the opposite direction, increasing most dramatically
with the severe drought of the early 1950s and continuing still today.25
Big-fire years happened in 1971 and 1974, and again in 1977, when another
drought and regional fire year came around, and the phenomenon of the
superfire was firmly established in the Southwest. Convection-driven fires like
the 1977 La Mesa Fire in northern New Mexico defied control and ate through
thickets of ponderosa pine and Douglas-fir at such extreme temperatures that
the land was virtually sterilized in their wake. In 1977, all of Arizona’s national forests had “project-level” fires like the La Mesa Fire —ones that required
large suppression organizations. Firefighters found old control techniques
wanting. Though they were hesitant to admit it publicly, firefighters were
essentially helpless against these blazes. These large fires shocked the public
though they were small relative to many of today’s fires.

As the new century unfolds, the Southwest continues its age-old drought cycles,
which lead to periodically increased fire activity, overlaid now by the problem
of heavy fuel loading and unnatural forest structure. On top of these intractable
problems, global climate change may be intensifying drought by changing
moisture distribution patterns over the North American continent. Rising summer temperatures (2003 brought record highs across the region), drying fuels,
faster spring runoff, and increasing summer atmospheric instability all fit some
models of what global warming could be bringing to the region.

The era of Smokey Bear successfully dousing all smokes in the Southwest
mountains was passing. Wildland firefighting, long an almost-private art within the land agencies, was becoming a public performance as air tankers
skimmed close over Southwest cities and towns and members of the public
looked at columns of smoke near their homes with justified foreboding.

Global climate changes likely will have other unpredictable effects on fire in
the Southwest. Given that southwestern drought and wet cycles are driven by
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ocean temperature changes in the South Pacific that set in motion the El Niño
wetting cycles and La Niña drying cycles, global warming’s effect on sea temperature and currents could profoundly change weather in the Southwest. As
ocean temperature changes, major air currents, such as the jet stream, that
move marine moisture onshore shift as well. Such air current shifts can cause
seasonal storm patterns to change and make areas like the Southwest fall into
drought during key parts of the year.28

munities, combined with education programs for rural homeowners, provide
the best hope of saving those communities from inevitable wildfires, yet even
these programs remain mired in funding shortfalls.
•••
Returning fire to its historic healthy place in southwestern ecosystems may
require abandoning the very land use practices that have contributed to ecological collapse in the first place. However, there is little political will to do so
with the livestock industry continuing to dominate federal land use across the
region.32 As detailed above, ongoing fire suppression and fuel reduction efforts
are among the many indirect costs of a century of livestock grazing and logging, but elected officials do not recognize this fact.

With heavy fuel loading, dense forest structure, and long-term drought, the
potential increases for wind- or convection-driven crown fires, even at high
altitudes. Such fires release pent-up carbon into the atmosphere, exacerbating the global warming problem while converting forests to brushlands, with
heavy soil erosion across millions of acres of public lands. Even with the
scientific uncertainty over the anticipated effects of global climate change,
actual changes in southwestern climate over the last decade have contributed
to the intensity of forest fires.

As superfires spring up with regularity in the Southwest and elsewhere, the
sense that land managers have control of the fire situation is slipping away.
Nature is self-correcting, and the damage done to watersheds and forests by
logging, livestock grazing, and fire suppression in the Southwest is being compensated for by large fires that release pent-up energy from natural systems.
The default ecological endgame in the Southwest is now intense wildfire, particularly in the ponderosa pine forests, and it is inevitable that vast areas of
forest land will be “treated” with such fire, whether or not humans approve.

The Southwest fire landscape is fraught with dilemma. Firefighting controls
large fires only on the margins, despite billions of dollars spent. Controlling
large fires almost always depends on weather changes such as rain or snowfall, major wind shifts, or rises in relative humidity that calm or extinguish
blazes. Often firefighting methods do considerable damage to the landscape, and a large percentage of fire growth can be attributed to backfires
rather than to organic spread of the wildfire itself.29 In some cases, such as
the Cerro Grande (Los Alamos) Fire, backfires contribute to fire escape rather
than controlling blazes as intended.

In the Southwest, the day of reckoning for fire managers has arrived. With
Washington largely misunderstanding the fire problem, federal land agencies
face a collision of natural and historical forces that promise unstoppable fires,
even as urban growth spreads deeper into once-remote forest areas. The time
for radically rethinking fire management is overdue. The Southwest is locked
into an era of superfires, the latest chapter in a century of ecological deterioration and ecological self-correction.

With two of its largest programmatic sources of congressional appropriation—
national forest commercial timber sales and livestock grazing—declining, the
Forest Service continues to get substantial funding for fire suppression efforts
from Congress. Thus the agency has a large incentive to keep up business as usual with firefighting, even as its long-term effects on forests prove paradoxical.
At the same time, the scale of the ecological restoration problem in the
Southwest may be beyond the budgets or the manpower of the Forest Service,
which finds itself with about 22 million acres of ecologically distorted land in
the region.30 Mechanical thinning costs $800 per acre and is difficult in remote
areas. Even with prescribed-fire costs running only about $100 per acre, funds
for prescribed fire or for wildland fire use (which is gaining more favor in
Washington) are scarce, reflecting confusion in Washington about the problem, its scale, and realistic solutions. Southwestern forests are relatively unproductive, and the idea of using thinned wood material for commercial purposes
is problematic. In northeastern New Mexico, the idea of burning forest debris
from thinning to generate electricity is being developed. Congress has provided funding for fuel reduction projects through the National Fire Plan, but
some of these funds have been diverted to remote timber sale activity. The
Forest Service is working to protect communities such as Flagstaff and Santa
Fe with thinning projects. These projects and others on the San Juan National
Forest in Colorado have not been without controversy.

The Southwest national forests average more fires per year than
any other region, they have the second-highest rate of burned
acreage, and critical fire weather occurs here with greater
frequency and persistence than anywhere else in the nation.
—Stephen Pyne, Fire in America, 1997

With public land livestock ranching costing taxpayers many times more than
it returns,31 and southwestern timber sales coming in well below cost, the
costs of firefighting far exceed the commercial value of the resources being
“protected.” Firefighting could be scaled back if communities were protected
by effective fire barriers. Fuel breaks built on federal land around rural com-

Woodland Park, Gila Wilderness, Gila National Forest, New Mexico.
This open ponderosa pine forest is characteristic of pre-fire-suppression
ponderosa pine stands, which tended to have large, mature trees with
few young saplings in the understory.
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FIRE IN THE EAST
Welcoming Back a Native Son
George Wuerthner

Because of the moist year-round climate of the East, fire plays a less ubiquitous role in shaping
the landscape than in the West. In some eastern ecosystems, however—for example, southern pine,
pitch pine–Virginia pine, red pine–jack pine, eastern white pine, and oak-hickory—fire has been,
and continues to be, a dominant ecological force. Elsewhere in the East,
fire is rare to nonexistent on the landscape.

M

ost of the eastern United States has a humid climate and year-round
precipitation. Whereas in the western United States wildfire is a
major factor in the decomposition of dead litter and woody debris,
the warm, humid climate that is common across the eastern United States
speeds the natural decomposition of plant material by bacteria and fungi.
Abundant rainfall; a long growing season characterized by hot, humid summers; and mild winters support rapid tree growth. A nighttime humidity of
100 percent is not uncommon during the summer months, a factor that tends
to quench fires and limit their spread. To simplify, in the West, things burn; in
the East, things rot.

of warfare (hoping to burn out the enemy).2 Some historians have used these
common cultural practices to suggest that nearly all of the pre-European landscape of the United States was influenced by native peoples.3 Other scholars
counter that the Native American influence was concentrated near major settlements, and that the effect of humans beyond those small areas was minimal, or at least varied considerably across the continent.4
Studying the past fire history of eastern fire-influenced landscapes is difficult
because of the massive human disruption of the native plant communities following European settlement. Except for the most rugged, swampy, or inhospitable terrain, eastern settlers generally cleared the land for fields, removing
much of the native forest community. Reconstruction of presettlement fire
regimes from fire scars on older trees is therefore difficult, if not impossible.

Despite the abundant moisture that is common throughout the East, multiyear droughts do occur. Drought conditions quickly dry out vegetation, producing flammable conditions. Unlike the West, where fire season is primarily a
summer phenomenon, in much of the eastern United States, fires are most
likely to occur in winter (in the more southern states) or spring (in the more
northern states). Fires typically occur after hardwood trees have shed their
leaves and prior to summer green-up. A secondary fire season occurs in the
fall after leaf drop but before snowfall, or during ensuing winter droughts.

There are, however, well-known regional landscapes for which almost everyone agrees that fire, whether because of natural or human ignitions, has
been and continues to be a major ecological influence. Some of the betterknown fire landscapes found east of the Mississippi include the southern pine
forests that dominate the low, sandy Piedmont of the Southeast; the pitch
pine–Virginia pine barrens of New Jersey, Massachusetts, and the Adirondacks; the red pine–jack pine forests of the Great Lakes states; the widespread eastern white pine forests; and the oak-hickory forests of the central
Appalachians and Ozarks.

Although lightning is common in many parts of the eastern United States,
most of the East’s electric storms occur in the height of summer, when moist
conditions limit ignitions. Nevertheless, lightning can and does spark some
blazes—for example, 12 percent of all fires in the southern Appalachians (the
other 88 percent are human caused).1

However, I caution readers to avoid the conclusion that fire was a ubiquitous
force throughout the East. Recent research suggests that disturbance from
fire was exceedingly rare, or even nonexistent, in some parts of the eastern
United States, particularly in the high-elevation spruce-fir forests along the
spine of the Appalachians, the cove hardwood forests of the southern Appalachians, and the northern hardwood forests of New England. For instance,
one study found that the Green and White mountains are “among the least
burnable in the northern hardwood region.” On average, only 7 to 10 acres
per million acres burn annually.5 A study of northern hardwoods in Maine
found the fire rotation to be in excess of 900 years.6 Because of the general resistance of these hardwoods to burning, even human ignitions had
little influence over regional fire regimes. Researchers David Foster and

Historical records indicate that Native Americans regularly burned eastern
woods to facilitate hunting and to clear land for farming, and even as a weapon

Because of its thick bark and self-pruning lower branches,
the fire-resistant red pine is able to survive in fire landscapes
throughout the Great Lake states and northern New England.
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Tim Parshall concluded that “Native Americans likely influenced the local
occurrence of fire, but their impact on regional fire regimes in New England
is not apparent from this or other studies.” 7

In efforts to reintroduce fire into these landscapes, private individuals, timber
companies, and public land management agencies burn an estimated 8 million acres per year.11 Nevertheless, wildfire now influences only a small percentage of southern pine ecosystems, in part because so many of today’s pine
forests are commercial tree farms, where fire is generally excluded, or are
increasingly fragmented by exurban development.

I give here a brief overview of the most fire-influenced eastern landscapes.
Southern Pine Forests

Today the southern longleaf pine/wiregrass community is imperiled and stands
as an example of how fire suppression combined with habitat destruction has
reduced the Southeast’s fire-dependent vegetation types to small remnants.

Southern pine forests—including longleaf pine (Pinus palustris), shortleaf
pine (Pinus echinata), loblolly pine (Pinus taeda), pond pine (Pinus serotina), and slash pine (Pinus elliottii)—occur on sandy soils across the south.
These pine forests are often open savannahs with a two-story structure consisting of mature old-growth pine and an understory of grasses. The U.S. Fish
and Wildlife Service estimates that these pine woodlands may have totaled as
much as 200 million acres at the time of European settlement. The most abundant species was longleaf pine, covering an estimated 60 to 92 million acres.
Today, in part owing to fire suppression, as well as logging and development,
longleaf pine is found on less than 3 million acres, and little of this remaining
pine forest has old-growth characteristics.8

Pitch Pine –Virginia Pine Forests
Pitch pine makes up the famous Atlantic Coastal Pine Barrens, which cover
the coastal plain of New Jersey, much of the southern half of Long Island, and
Cape Cod, Massachusetts.12 Smaller, inland pine barrens are found near
Albany, New York,13 and in New York’s Adirondack Park.14 The species, however, ranges from Maine to Georgia, growing on sandy or gravelly well-drained
soils.15 Another fire pine with similar habitat requirements is the Virginia pine.
The major center of its range lies in Virginia and the Carolinas, but it is found
north as far as New Jersey and west to Indiana.

Drought conditions quickly dry out vegetation, producing flammable conditions. Lightning is a ready and abundant source of ignition. Indeed, Florida
and nearby states have the highest rates of lightning strikes in the United
States. Historically, added to this naturally high lightning pattern were
human-caused ignitions. Prior to the Civil War, a large percentage of southern
white residents had livestock, including hogs, and regularly burned the woods
to allow growth of new forage for their animals. Indeed, in 1731, burning of
the woods in North Carolina was even mandated by law.9 However, by the
time the U.S. Forest Service was established in 1905, active fire suppression
was being instituted throughout the region.

Eastern White Pine Forests

Low-intensity/high-frequency blazes maintained open old-growth stands of
oak-hickory with an understory of grasses and forbs. Thick bark on the
mature trees helped protect the individual boles from fire. Oak and hickory
tend to develop extensive root systems, and many species are root sprouters;
even if top-killed by fire, these species will immediately send up new shoots.

Eastern white pine is one of the most majestic trees in the eastern forest. It
ranges from southern Georgia north throughout New England and the Great
Lakes states. White pine can reach heights of more than 200 feet, and at least
a few specimens have exceeded 600 years of age. Because it can grow on a
wide variety of soils and also survive in the shade of hardwoods, the white
pine is one of the most widely distributed eastern pine species, growing in pure
stands as well as scattered individuals in hardwood forests. Though white pine
is not dependent on fire for successful regeneration, fire appears to help sustain the species on sites, since white pine abundance increases as soil moisture
decreases, and as light intensity at the forest floor and fire frequency increase. 18

Before European settlement, oak-hickory forests burned every 7 to14 years on
average. Because most lightning occurs during the moist growing season, when
blazes tend to be extinguished by rain, it is believed that Native American
ignitions played a strong role in maintaining these forests.20 And even after
the Indians were vanquished, the European settlers who followed continued to
burn the woods to maintain feed for livestock.

The thick bark and branch-free lower bole of large white pine have allowed
it to survive moderate surface fires.19 Historically, nonlethal fires burned
through white pine stands every 5 to 50 years, while stand-replacement
blazes occurred less frequently. On the wettest sites, white pine may experience a fire only once every 150 to 350 years. Though large blazes tend to kill
most mature white pines, large blazes also produce excellent ash and mineral
soil conditions for white pine regeneration.

However, once fire suppression became the norm after 1900, species like white
pine, American beech, red maple, and sugar maple began to develop a dense
understory beneath the oaks and hickory. Over time these species shaded out
the oak and hickory forests on many sites.
•••
Fire is an important component of many eastern forest ecosystems, particularly southern pine, pitch pine, red and jack pine, and oak-hickory. These
ecosystems depend on fire to maintain their ecological dominance on sites
and to eliminate competing forest species. With the advent of fire suppression
and other associated human activities (e.g., logging), many of these ecosystems —such as the longleaf pine/wiregrass community of the South—are
now endangered. Restoration of fire —a Native Son of the East—to these
forests is crucial if we are going to maintain some semblance of ecosystem
health across the landscape.

Oak-Hickory Forests
Pitch pine has thick bark and serotinous cones that open upon heating. It can
also sprout from a basal crook just below the soil, where it is protected from
the heat of all but the most intense blazes. Another fire adaptation of the pitch
pine is precocious (early) cone development. Trees 3 to 10 years old can produce viable seed cones, allowing the pine to rapidly recolonize a burned site.

Prior to fire suppression, oak-hickory forests dominated the central Appalachian region along the Ohio River and its tributaries in what is today West
Virginia, Kentucky, Tennessee, southern Indiana, southern Ohio, western
Virginia, and western North Carolina. These forests also dominated the Ozarks
of Arkansas and Missouri.

Historically, understory burning was common in pitch pine–Virginia pine
forests, with frequent low-intensity blazes occurring every 2 to 10 years—
often due to burning by Native Americans as well as lightning.16 Such forests
likely had scattered larger trees, with few small trees. Even-aged stands
established after a large blaze are now more common.

Prior to the introduction of widespread fire suppression, southern pines experienced high-frequency/low-intensity blazes. Longleaf pine sites burned on
average every 1 to 4 years, while shortleaf pine had a fire return interval of 2
to 15 years, depending on the productivity of the site. Even cypress ponds
would dry out sufficiently to burn on average every 20 to 30 years, with the
wettest areas sometimes being fire-free for 50 to 150 years. Longer fire intervals favored slash and loblolly pine.

Red Pine–Jack Pine Forests

Longleaf pine exhibits many of the fire-adapted traits typical of southern
pines. After it is established, longleaf bolts, growing rapidly to rise above
the typical flame length found in the high-frequency/low-intensity fire
regime. Its bark grows thick with age, providing protection from lowintensity burns. Self-pruning of lower branches creates long, straight boles
topped by leafy crowns of needles. Shortleaf pine, another “fire pine,” sprouts
from top-killed boles. Such adaptations make these pines remarkably adept
at surviving frequent low-intensity fires.

Red pine dominates fire landscapes throughout the Great Lakes states. Jack
pine is often an associate but ranges farther north and west in Canada, all the
way to the Rockies. Both red and jack pine are favored by fire. Because the
cones do not mature and produce seeds for at least 25 years, red pine stands
tend to do best where fire intervals are greater than 25 years. Red pines are
also susceptible to crown fires. As a consequence, historically the average fire
return interval in red pine forests is between 14 and 50 years. Where fire is
more frequent, the more precocious jack pine tends to dominate because its
cones can produce seeds in 3 to10 years.17 Furthermore, jack pine cones are
serotinous —that is, they require heat to open and shed seeds —and thus they
can remain viable on the tree for up to 25 years.

As a consequence of fire suppression, the historical two-layered structure of
these forests—a canopy of mature, old-growth trees with an understory of
grasses—has been altered to a multilayered midstory characterized by hardwoods and little or no ground cover. Logging has also changed the structure of
these pine communities, to the detriment of species such as the red-cockaded
woodpecker, which is dependent on old-growth forest characteristics.10

Jack pine is favored by stand-replacement blazes, while red pine does better
with low-intensity understory burns. Mature red pine is adept at surviving
fire, in part because it possesses branch-free lower boles. Once the mature red
pine reaches 60 feet tall, its bark is so thick that it can survive all but the most
serious burns. Crown fires occur when the fire interval is longer and fuels build
up, or with extreme drought and high winds.
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The outstanding scientific discovery of the twentieth century is
not television, or radio, but rather the complexity of the land
organism. Only those who know the most about it can
appreciate how little we know about it.
—Aldo Leopold, A Sand Country Almanac, 1949
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APPLIED HISTORICAL ECOLOGY
Using the Past to Manage for the Future
Thomas W. Swetnam, Ph.D.; Craig D. Allen, Ph.D.; and Julio L. Betancourt, Ph.D.

Daniel Boorstin, Librarian of Congress Emeritus, once said, “Trying to plan for the future without
understanding the past is like planting cut flowers.” Knowledge of the past is always incomplete and
insufficient as a sole basis for predicting or planning, but it is a prerequisite for informed
management. Applied historical ecology uses all available tools to develop and apply
understanding of the past in the conservation of ecosystems.

A

bstract: Applied historical ecology is the use of historical knowledge

Thomas W. Swetnam has been a professor at the University of Arizona since
1987 and is director of the Laboratory of Tree-Ring Research, using tree rings
to reconstruct the history and dynamics of forests in the context of climatic
variations and human-caused changes.

in the management of ecosystems. Historical perspectives increase our
understanding of the dynamic nature of landscapes and provide a
frame of reference for assessing modern patterns and processes. Historical
records, however, are often too brief or fragmentary to be useful, or they are
not obtainable for the process or structure of interest. Even where long historical time series can be assembled, selection of appropriate reference conditions may be complicated by the past influence of humans and the many
potential reference conditions encompassed by nonequilibrium dynamics.
These complications, however, do not lessen the value of history; rather they
underscore the need for multiple, comparative histories from many locations
for evaluating both cultural and natural causes of variability, as well as for
characterizing the overall dynamical properties of ecosystems. Historical
knowledge may not simplify the task of setting management goals and making decisions, but 20th-century trends, such as increasingly severe wildfires,
suggest that disregarding history can be perilous.

Craig D. Allen is a place-based research ecologist with the USGS Jemez
Mountains Field Station at Bandelier National Monument, New Mexico. He
conducts research on the ecology and environmental history of southwestern
landscapes and provides technical support to land management agencies in
the areas of conservation biology and ecological restoration.
Julio L. Betancourt is a senior scientist with the USGS and an adjunct
professor at the University of Arizona. His expertise includes the late
Quaternary vegetation history of arid North and South America. Julio
also has contributed to understanding how climate variability at annual
to multidecadal timescales modulates fires, floods, and plant demography
at local to subcontinental scales.

We describe examples from our research in the southwestern United States to
illustrate some of the values and limitations of applied historical ecology.
Paleoecological data from packrat middens and other natural archives have
been useful for defining baseline conditions of vegetation communities, determining histories and rates of species range expansions and contractions, and
discriminating between natural and cultural causes of environmental change.
We describe a montane grassland restoration project in northern New Mexico
that was justified and guided by a historical sequence of aerial photographs
showing progressive tree invasion during the 20th century. Likewise, fire scar
chronologies have been widely used to justify and guide fuel reduction and
natural fire reintroduction in forests. A southwestern network of fire histories
illustrates the power of aggregating historical time series across spatial scales.
Regional fire patterns evident in these aggregations point to the key role of
interannual lags in responses of fuels and fire regimes to the El Niño–Southern
Oscillation (wet/dry cycles), with important implications for long-range fire
hazard forecasting. These examples of applied historical ecology emphasize
that detection and explanation of historical trends and variability are essential to informed management.

Crown fire burnout, Biscuit Fire, Siskiyou National Forest, Oregon, 2002.
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Introduction

notable exceptions (e.g., Hunter et al. 1988, Foster et al. 1996, Tausch 1996,
Delcourt and Delcourt 1998), relatively few paleoecologists have addressed
the topic directly. In contrast, paleolimnologists and paleohydrologists have
been more directly involved in using historical perspectives in aquatic restoration and management programs (Smol 1992, Brenner et al. 1993, Schmidt et
al. 1998; and see Carlton’s [1998] plea for more historical oceanographic
research). Historical trends in water quality, for example, are determined by
chemical analyses of dated sediment cores from lakes, reservoirs, and estuaries (e.g., Van Metre et al. 1997). Undesirable trends (e.g., increasing acidity
from pollution) have been used to justify restoration treatments (Brenner et
al. 1993). Similarly, there are many examples of the applications of paleohydrology for assessment of flood hazards (e.g., Kochel and Baker 1982, Ely et
al. 1991), and historical perspectives have been useful in evaluating restoration and management alternatives in regulated river systems (e.g., the
Colorado River; Schmidt et al. 1998).

A science of land health needs, first of all, a base datum
of normality, a picture of how healthy land maintains
itself as an organism.
—Aldo Leopold, 1941
Scientists and managers alike are increasingly using environmental history as
a “base datum” for understanding and managing ecosystems. This expanding
interest in applying history is evident in a recent proliferation of land and
water management agency reports that outline planning stages dependent
upon the gathering and interpretation of historical ecology information. These
documents recommend the use of history to determine the range and variability of ecological processes and structures during times when ecosystems were
less affected by humans (e.g., Brenner et al. 1993, Kaufmann et al. 1994,
Manley et al. 1995, Dahm and Geils 1997). Reference conditions may be used,
along with current condition assessments, social and economic considerations,
and other practical constraints, for the setting of achievable and sustainable
management goals. Several recent regional assessments have also extensively
utilized historical information as base data for identifying spatiotemporal
trends and variability (e.g., Quigley et al. 1996, Sierra Nevada Ecosystem
Project 1996, Kaufmann et al. 1998). Moreover, a central tenet of the expanding field of restoration ecology is that reference conditions are useful for deciding upon ecologically justifiable goals for restoration programs (Allen et al.
1996, Covington et al. 1997, Fulé et al. 1997, White and Walker 1997, Moore
et al. 1999). Holling and Meffe (1996) define a “Golden Rule” of natural
resource management that asserts: “Management should strive to retain critical types and ranges of natural variation in resource systems in order to maintain their resiliency.”

The objective of this essay is to provide an overview of some key applications
of historical ecology for informing land management. We briefly review the
primary historical ecology data types and methods, as well as their temporal
and spatial scope, resolutions, and general limitations. We use examples of our
own research in the southwestern United States to illustrate specific insights
and limitations of applied historical ecology. We conclude by discussing some
general issues raised by our examples. Overall, our emphasis is on the importance of knowing the history of landscapes.
Historical Ecology: Scope, Resolution, and Limitations

data and techniques
Historical ecology encompasses all of the data, techniques, and perspectives
derived from paleoecology, land use history from archival and documentary
research, and long-term ecological research from monitoring and experiments
extending over decades. Also included are time series from instrument-based
observations of the environment, such as weather records, stream gauges, and
data from satellites. The essential feature of historical ecology is a sufficiently
long time sequence (chronology) of measurements or observations so that
meaningful information can be gained about changes in populations, ecosystem structures, disturbance frequencies, process rates, trends, periodicities,
and other dynamical behaviors. To understand ecosystem patterns, we must
obtain and evaluate data that match the spatial and temporal scales of the
processes responsible for those patterns (Ricklefs 1987, Levin 1992).
Relatively short time frames may be adequate for evaluating dynamics of some
ecosystem components, but by “long time sequences” we mean the longer temporal scales that are usually most relevant to understanding and managing
landscapes with long-lived organisms, such as trees. In this context, “history”
typically encompasses time frames from decades to millennia.

There remains, however, much debate about how, where, and to what extent
natural variations or reference conditions derived from historical ecology should be applied to land management (Landres et al. 1999, Millar and
Wolfenden 1999). Although applied historical ecology is an evolving field,
there appears to be a building consensus that, at a minimum, it is very useful
to know and understand the past to properly manage ecosystems for the future.
Recent reviews of the use of reference conditions and the concepts of historical
(or “natural”) range of variability have carefully defined terminology and
some of the theoretical and practical constraints in applying history to restoration and management (Allen 1994, Kaufmann et al. 1994, Morgan et al. 1994,
Swanson et al. 1994, Foster et al. 1996, Jackson et al. 1997, Millar 1997,
White and Walker 1997, Landres et al. 1999). As might be expected in the
development of a relatively new concept, the early stages have been marked
by some confusion and missed opportunities for better communication between scientists and managers. Initial confusion about seemingly vague terminology, and perhaps a lack of familiarity with resource managers’ information
needs, may have led some scientists to dismiss the concept of “range of natural variability” as misguided. Despite the lack of involvement by a broad spectrum of ecologists (i.e., before the late 1990s), some land management
agencies forged ahead with implementation of some of the basic ideas (e.g.,
Manley et al. 1995).

The sources, time frames, and temporal/spatial resolutions of archival information are highly diverse (Figure 1). These archival records are classifiable as
“natural” and “documentary.” The natural archives are those “recorded” by
earth-system processes, such as sedimentation (e.g., pollen, charcoal, plant
macrofossils, phytoliths, etc., found in lakes, bogs, and soils; Jackson 1984,
Davis 1989, Jackson et al. 1997), animal deposits (packrat middens;
Betancourt et al. 1990), annual plant and animal growth cycles (e.g., tree
rings and coral layers; Fritts and Swetnam 1989, Dunbar and Cole 1993),

Many ecologists have recognized the importance of historical knowledge for
understanding and managing ecosystems (Christensen et al. 1996), but, with
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and other layered records, (e.g., ice cores; Thompson et al. 1998). Documentary archives are written, tabulated, mapped, or photographic records (e.g.,
chronicles, diaries, cultural histories, land surveys, maps, plot measurements,
weather observations, etc.; Foster et al. 1990, Galatowitsch 1990, Foster et al.
1996, Russell 1997). (A useful and expanding worldwide data bank for many
of these types of records is located at the National Geophysical Data Center,
National Oceanic and Atmospheric Administration, Boulder, Colorado. Data,
bibliographies, and search tools are accessible on the World Wide Web.)

depends on how well this filtering process is understood and modeled. Some
specialized fields, such as dendrochronology and palynology, are based upon a
solid foundation of extensive field and laboratory observations and experimental research on mechanisms of the proxy record formation. These fields
have also developed rigorous standards of statistical model development and
testing that are parsimonious with this physical and biological understanding
(Fritts 1976, Crowley and North 1991). Even with careful model calibration
and validation, however, interpretations of proxy records of past environments
are often subject to multiple assumptions. Although paleoecologists and paleoclimatologists seek to minimize the effects of confounding environmental factors on the recording unit (i.e., trees, corals, etc.) through sampling and
analytical techniques, it is not possible to completely control multiple environmental factors of the past (White and Walker 1997).

Reconstructions of environmental history are improved by complementary
and comparative analyses of both natural and documentary records. For
example, interpretation of tree-ring reconstructions of climate history are most
specific and reliable when tree growth–climate models are statistically calibrated with meteorological observations and then verified with independent
observations (Fritts 1976). Another example of combining multiple lines of
evidence is the use of both repeat photography and tree demographic data
(e.g., based on tree rings) to describe and explain vegetation change in the late
19th–20th centuries as a consequence of human actions (e.g., Veblen and
Lorenz 1986, 1991). Blending different methods and data types can extend
information about environmental change across a broad range of temporal
and spatial scales. Examples include comparative analyses of climate, disturbance, vegetation, and land use histories derived from charcoal and pollen in
lakes and bog sediments, plant remains in packrat middens, tree rings, and
documentary records (Foster et al. 1990, Anderson and Carpenter 1991,
Bahre 1991, Betancourt et al. 1991, Fastie 1995, Millspaugh and Whitlock
1995, Baisan and Swetnam 1997, Lloyd and Graumlich 1997, Russell 1997,
Allen and Breshears 1998, Allen et al. 1998, Swetnam and Betancourt 1998).

Historical data and interpretations are further challenged by the possibility of
changing relations between the physical and biological recording processes
and the environment that are not captured in modern calibration periods.
This so-called “no analogue” problem arises from the lack of modern analogues for past conditions, or vice versa, resulting in violation of some assumptions of uniformitarianism. The resolution or availability of historical data
also tends to be limited by the lack of preservation, degradation, or loss of
evidence through time. The transient, stochastic, and incomplete nature of
the paleorecord development and preservation results in missing, patchy, or
altered records. The chief consequences are that (1) most historical time series
suffer from a “fading record” problem, where the reliability of the time series
decreases with increasing time before the present, and /or (2) no record is
available at all for some ecosystem processes or structures that may be of
primary management concern.

limitations
Historical ecology data and methods have a number of inherent limitations.
Natural archives, often referred to as “proxy records,” are subject to the filtering of past environmental information through physical and biological processes. The fidelity of the reconstructed environmental variable, therefore,

Documentary records are also limited in quantity and quality by a kind of
“cultural” filtering that affects their availability, completeness, and reliability.
Most areas of the western United States, for example, lack any written, continuous records of weather observations before the late 19th or early 20th century. Even where old weather records, photographs, or other documentary
records can be found, they are subject to various biases associated with the
locations and periods for which they are available. For example, weatherrecording stations were often located primarily in low elevations near or within settlements, and they were sometimes moved from one location to another.
Overall, these and other limitations of documentary records do not invalidate
their use in environmental history, but they do call for judicious and careful
interpretations, with cognizance of their potential biases and distortions.
Because historical records may not be available for a particular place or time
of interest, extrapolation of reference conditions may be the only resort. White
and Walker (1997) point out that all ecosystems and their histories are unique
at some scale of analysis. Therefore, the validity of extrapolating reference
conditions probably decreases as a function of both increasing spatial and
temporal distance from the current ecosystem to which those reference conditions might be applied. White and Walker refer to this as the “distance decay”
problem. Representative sampling is an important concern of landscape ecology (Stohlgren et al. 1995), and the added dimension of time further increases the need to carefully consider the scales and location of available data in
judging the validity of extrapolations. This problem highlights the need for
multiple places and times for reference.

Figure 1.

Range of temporal and spatial scales typically encompassed by historical
ecology data (modified from Foster et al. [1990]).
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Historical science is largely inductive, and the interpretation of gathered
historical facts can be highly subjective. This challenges ecologists and
managers to quantify the historical evidence as thoroughly as possible, and
to carefully interpret historical facts with knowledge from other sources
(e.g., present-day observations and experiments). A primary strategy for
increasing objectivity and confidence in historical interpretations is a combination of comparative analyses and testing with multiple, independent data
sources and methods, and the use of converging lines of evidence (White and
Walker 1997, Foster and Motzkin 1998). This strategy includes combining
historical reconstructions with field experiments (e.g., Fastie 1995, Lloyd
1996, Lloyd and Graumlich 1997), and comparing model simulations with
historical data (e.g., Anderson 1995, Miller and Urban 1999). Despite the
constraints and limitations of history, the power and utility of historical
insight should not be underestimated. Indeed, it is arguable that historical
approaches have been as essential and effective in advancing basic understanding in ecology as they have been in other natural and physical sciences,
such as geology and astronomy (Brown 1995).

recovery from past disturbances, including prehistoric humans. We provide
some important examples from historical ecology in the Southwest.
Maps comparing latest Pleistocene and modern vegetation of the Southwest,
based on the packrat midden record, illustrate the massive redistribution of
species and reorganization of plant communities that has occurred over the
past 11,000 years (Figure 2; Van Devender et al. 1987, Betancourt et al. 1990,
Thompson et al. 1993). These redistributions were regulated not only by intrinsic dispersal rates, but also by climatic variability during the Holocene. Ongoing plant migrations characterize the Holocene and surely carry into the
modern era. Population dynamics at the leading (northern) edge of migrations
may confound inferences about human impacts on present invasions. Notable
examples of ongoing migrations related to climate change include expansion of

Examples from the Southwestern United States
We focus here on a few examples from our research in the southwestern
United States to illustrate some basic insights and uses of historical ecology.
These examples draw mainly upon the natural archives of packrat middens
and tree rings, as well as the documentary archives of land use history
and repeat photography. Our examples begin with millennia-length perspectives of plant migrations and invasions. These perspectives emphasize
the importance of historical knowledge that is specific to particular landscapes and the danger in extrapolating causation of ecosystem changes
from one area or time period to another. We follow with examples where
more recent ecological history has been directly used in justifying and
guiding land management decisions.

creosote bush (Larrea tridentata) in the middle Rio Grande Basin and Borderlands of Arizona and New Mexico (Grover and Musik 1990, Betancourt 1996),
Colorado pinyon (Pinus edulis) on both sides of the Rockies (Betancourt et al.
1991, Betancourt et al. 1993), single-needle pinyon (Pinus monophylla) in
northern Nevada (Miller and Wigand 1994, Nowak et al. 1994), Utah juniper
(Juniperus osteosperma) in Wyoming and Montana (Wight and Fisser 1968;
Betancourt, Jackson, and Lyford, unpublished data), western juniper (Juniperus occidentalis) in eastern Oregon (Miller and Rose 1995), and ponderosa
pine (Pinus ponderosa) in the northern Rocky Mountain states (Anderson
1989, Betancourt et al. 1990, Weng and Jackson 1999).

Period (yr BP)
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Postglacial expansion of pinyon pine offers a well-documented example of
broadscale, climate-related change in a species range (Betancourt et al. 1993,
Lanner and Van Devender 1998). Figure 3 tracks the migration of Colorado
pinyon from the northern Chihuahuan Desert to the Colorado Plateau and
along both flanks of the Rocky Mountains. Prior to 11,000 radiocarbon years
b.p., Colorado pinyon was widespread in the northern Chihuahuan Desert. In
New Mexico, its northern limits were near Albuquerque and the Sevilleta
Long-Term Ecological Research (LTER) area, coinciding with the modern
northern limits of creosote bush. After 11,000 radiocarbon years b.p., pinyon
was extirpated from desert lowlands and began expanding to higher and more
northerly sites. Many sites in Colorado were colonized by pinyon only in the
last 2,000 years. The northernmost outpost at Owl Canyon, north of Fort
Collins, represents a long-distance dispersal event 500 years ago (Betancourt
et al. 1991). Interestingly, this natural “invasion” is taking place in the
increasingly urbanized and disturbed landscapes of the Colorado Front Range
(see Mast et al. [1996] for interpretations of tree invasion and higher stem
densities in the pine-grassland ecotone of the Front Range).

Relative Abundance Scale (0–5)
Pinus remota/Pinus edulis

Figure 3.

Pinyon-juniper woodlands presently cover 20 × 106 hectares above 1,500
meters elevation in the western United States, the third-largest vegetation type in the
contiguous United States. During the late Pleistocene, these woodlands covered what are
now the hot deserts of the southwestern United States, mostly below 1,500 meters
elevation. This diagram shows fossil packrat midden records of pinyon pine along a
north-south transect from Mexico to Colorado. The tick marks on each vertical line
represent > 350 radiocarbon-dated middens that show the presence or absence of pinyon
pines along a 15° latitude (~1,600 km) transect from Bermejillo, Mexico (Durango
Province) to Fort Collins, Colorado. The diagram depicts the local extinction of pinyon
populations growing at desert elevations during the last deglaciation (~11,000 radiocarbon years b.p.) and the sequential migration to higher elevations and more northerly
latitudes during the Holocene (the last 11,000 years). Note that pinyon’s distribution
in the state of Colorado may be just a few centuries old and probably is not yet in
equilibrium with modern climate. In Colorado, and probably northern New Mexico, this
makes it difficult to distinguish natural migration during the late Holocene from historical
tree expansion due to fire suppression and overgrazing. Tick marks on the y-axes of site
graphs represent individual radiocarbon-dated middens, whereas tick marks on the
y-axis of the figure indicate increments of 1,000 years. Abbreviations: DGO, Durango,
Mexico; COA, Coahuila, Mexico; TX, Texas; NM, New Mexico; AZ, Arizona; UT, Utah;
CO, Colorado.

Owl Canyon offers one paradigm of how recent migrations might be imprinted on what we regard as 20th-century phenomena. This isolated 5-squarekilometer stand, 200 kilometers from the nearest populations to the south, is
characterized by relatively young trees radiating out from a cluster of older
pinyons (Wright 1952). The recency of this invasion is also evident in increasing stem density (population growth) during the past 40 years and secondary
colonizations 2–30 kilometers from Owl Canyon (Premoli et al. 1994). Secondary outliers are clearly in the early stages of expansion; the largest population contains 100 trees, all more than 60 years old. These expansions probably
represent the rising limb of exponential pinyon population growth, which will
be followed rapidly by secondary colonizations and population infilling.

long-term perspectives of 20th-century invasions
and changing forest structure
Managers of ecosystems sometimes justify their actions based on historical
assumptions, if not actual evidence. In the Southwest, there is no better example than blanket acceptance that grazing and fire suppression triggered wholesale encroachment of trees and shrubs into rangelands (Archer 1994) and
higher stem densities across woodlands and forests (Covington and Moore
1994). Beginning in the 1950s, assumptions about so-called “invasions”
rationalized an aggressive campaign of pinyon and juniper eradication
(through chaining, cabling, burning, and herbicides), presumably to increase
forage and water yield (Gottfried et al. 1995, Lanner and Van Devender
1998). Having lost popularity in the Southwest, a similar campaign may now
be contemplated in the Great Basin, where pinyon and juniper are apparently
on the move (Miller and Wigand 1994).
The intent in this section is not to question that grazing can shift the balance
from grasses to trees and shrubs, or that decades of fire suppression beget “dog
hair” thickets in many forest ecosystems. Rather, we use the fossil record to
point out that modern invasions and changes in forest and woodland structure
can be driven by something other than human action. That invasions are
occurring in the midst of human disturbance does not invalidate their roots in
Holocene migration, demographic responses to climatic variability, or even

Figure 2.

As this comparison of Pleistocene and modern vegetation shows, southwestern landscapes have changed dramatically since the end of the last ice age, 12,000
years b.p. The Pleistocene map is based on packrat midden vegetation reconstructions
(Van Devender et al. 1987, Betancourt et al. 1990, Thompson et al. 1993) and
extrapolations using elevations. The modern map is also based on elevations and known
distributions of vegetation (adapted from Betancourt et al. [1990]).
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to decadal-scale climatic variability (Swetnam and Betancourt 1998). At the
Sevilleta LTER area, we compared demographic trends in pinyon populations
with regional climate reconstructions from tree rings. This comparison suggests the following model for the long-term behavior of these woodlands:
Broad-scale mortality during extreme, regional drought releases existing
seedlings and saplings from competition for light, water, and nutrients and
opens up niches for recruitment. Recruitment pulses tend to occur in the first
sustained wet period following the drought and associated mortality. An example of this process may be the large pulse in pinyon recruitment during the last
20 years. Anomalous seedling survivorship followed the 1950s drought,
arguably the worst drought in the last 1,000 years (Grissino-Mayer 1996,
Swetnam and Betancourt 1998). Pinyon establishment has been sustained by
a string of warm, wet springs associated with anomalous warming of the tropical Pacific since 1976 (Swetnam and Betancourt 1998). This surge in pinyon
recruitment will become conspicuous on the landscape in another 50 years
and would likely invoke anthropogenic explanations in the absence of a comprehensive, demographic history.

In the early stages of invasion, an isolated population like Owl Canyon may be
little more than a curiosity. Prior to our paleoecological study, Front Range
ecologists speculated on whether it was a relict population, or the result of
long-distance dispersal. If we were to fast forward 200–300 years, however, a
full-fledged pinyon invasion might be underway in the Front Range.
Projecting current rates of urbanization and its effects on ecosystems, would
we be able to distinguish natural from cultural causes of invasion in the
absence of paleoecological perspectives?
Another source of ambiguity in assigning cause to ecological change in the
20th century stems from the lack of regionally scaled, high-resolution demographic histories. Such histories, based on cross-dating of births and deaths
for thousands of trees, are essential to understanding demographic responses
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Although fire suppression and grazing may be eliminated as reasons for at
least some of the ecological shifts in the 20th century, global change may further muddle the distinction between natural and cultural effects. Hypothetically, atmospheric CO2 enrichment should affect plant performance in the
Southwest; some authors have been quick to suggest that it is already playing
a role in driving encroachment of C3 trees and shrubs into C4 grasslands of
the Southwest (Idso 1992, Johnson et al. 1993; see objections by Archer et al.
[1995]). The fossil record of the last deglaciation, when CO2 increased from
180 to 280 parts per million by volume (ppmv [µ L CO2 /L]), offers some
perspective. Based on reduced stomatal densities on limber pine (Pinus flexilis) needles from packrat middens, Van de Water et al. (1994) inferred an
increase in water use efficiency (WUE) in response to the 30 percent CO2
enrichment (from 180 to 280 ppmv [µ L CO2 /L]) during the last deglaciation. However, the increase in WUE apparently was not enough to offset
increasing Holocene aridity, and desert scrub replaced conifer woodlands
throughout much of the Southwest. Clearly, climate variability strongly modulates the importance of CO2 variations in these water-limited ecosystems;
e.g., the frequency and intensity of summer drought will largely determine
the pace of shrub invasion and desertification (Neilson 1986, Betancourt
1996). A blanket acceptance of large CO2 effects sends an erroneous message
to land managers and ranchers that shrub invasion of grasslands is inevitable,
no matter what the climate.

and making a new photograph of the same scene. Differences between then
and now provide a basis for identifying and quantifying changes, while the
new photograph establishes a benchmark for future evaluation (Malde 1973).
Repeat photography is a simple, inexpensive, and elegant tool for reconstructing past environmental changes and monitoring future ones; it is particularly
well suited for the relatively open landscapes of the western United States.
Rephotography in the Southwest, for example, has focused on key ecological
concerns that are relevant to management of public lands, including shrub
and tree encroachment upon grasslands, climatic effects on demographic
trends in woodlands, postdisturbance histories, and geomorphic, hydrologic,
and vegetation changes in riparian areas (Hastings and Turner 1965, Dutton
and Bunting 1981, Rogers et al. 1984, Humphrey 1987, Bahre 1991, Webb
1996, Allen et al. 1998). Matched photographs and their graphic evidence of
change have the unique potential of galvanizing public dialogue about the
timing, magnitude, and causes of environmental change.
Repeat photography has a variety of limitations that must be considered to
accurately interpret apparent landscape changes (Rogers et al. 1984). Early
equipment had constraints, such as the fading of distant objects on bluesensitive plates. Bellows lenses could distort the appearance of an image on
the photographic plate. Artistic motives of early photographers sometimes
resulted in misleading images, and old photographs could have been altered
deliberately. Individual photographs can be unrepresentative of overall landscape conditions, while retakes may also be selectively biased if only unrepresentative scenes are chosen to be relocated. Interpretation errors may occur
from an incomplete understanding of the natural and cultural processes
responsible for landscape changes documented in the images. Photographs
are also simply unavailable for many time periods and locations.

Southwestern paleoecology also instructs us that Europeans do not have a
monopoly on human impacts. At Chaco Canyon, New Mexico, the Anasazi
apparently overharvested pinyon populations for fuelwood 800–1000 years
ago (Betancourt and Van Devender 1981, Samuels and Betancourt 1982). In
some places, this woodland has yet to recover; in others, relatively young
pinyon populations suggest that recovery in these marginal woodlands is
sluggish. Given the density and persistence of prehistoric humans across the
Southwest, it is not farfetched to imagine that, at least in some places, what
may seem like invasion is actually recovery. A similar case has been made for
the apparent invasion of one-needle pinyon in the Great Basin, which in some
areas may actually represent recovery from 19th-century clearcutting for
charcoal manufacture (Lanner and Van Devender 1998).

Repeated photographs from the air or space can provide broadscale perspectives of landscape to regional-scale ecological change, thereby overcoming some of the biases of selecting specific, smaller localities. Repeat
aerial photography and other remote sensing data (e.g., satellite imagery)
can be very useful for assessing landscape changes in recent decades, particularly when used in concert with geographic information systems (Allen
1994, Mast et al. 1996, Allen and Breshears 1998). For example, repeat
aerial photography and geographic information systems were extensively
used to assess 20th-century landscape changes in the interior Columbia
River Basin in one of the largest regional ecosystem studies ever conducted
(Quigley et al. 1996, Hessburg et al. 1999).

Although highly informative, the long-term historical record has several shortcomings. For example, packrat middens are limited to rocky terrain and, as
such, fail to census the open terrain and deeper soils that are the typical staging grounds for modern encroachments (Connin et al. 1998). Historical demographic data are similarly patchy in time and space, and there are important
limitations in reconstructing dynamics of forests and woodlands from extant,
living populations or dead tees (Gore et al. 1985, Johnson et al. 1994). Moreover, whether the Anasazi or drought wiped out the Chaco woodland is still
subject to interpretation. Nevertheless, our brief examples of natural migration, demographic responses to climate, and prehistoric human impact testify
that management decisions to halt or reverse woody plant encroachments
or changes in forest structure can easily be misguided.

Our example from the Southwest is a repeat aerial photography study of
landscape change in support of a montane grassland restoration project in the
Jemez Mountains of northern New Mexico (Allen 1989, 1994) (Figure 4).
These grasslands have a restricted distribution in northern New Mexico, where
soil patterns show they have been persistent landscape features for millennia
(Allen 1989). Tree-ring evidence indicated that during this century conifer
trees had greatly encroached upon the ancient grasslands. Aerial photographs
confirmed these observations and revealed the extent of the tree invasion,
which reduced the area of open montane grasslands by 55 percent across a
100,000-hectare region during 1935–1981 (Figure 4). Comparative study of
tree demography, soils, fire, climate, and land use history at multiple sites
across the study area showed that tree invasion was a modern process caused
primarily by humans. Specifically, tree invasion was due to changes in livestock grazing and fire exclusion, and not climatic changes (Allen 1989).

repeat photography:
20th-century landscape change
Historical photographs of landscapes, from forests to wetlands, are available
for practically any area of the western United States (Rogers et al. 1984). As a
first approximation, past environmental change can be measured by finding
the site of a historical photograph, reoccupying the original camera position,
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Before this historical assessment of tree invasion and its causes, neither ecologists nor local land managers recognized that major vegetation changes had
recently occurred in these grasslands. Initial assessments by experienced ecologists focused only on the current configuration of forests and grasslands, noting that these areas had the highest grass density and productivity in a forest
understory that they had ever seen in the Southwest (Potter and Fox, unpublished manuscript). The dense understory coverage appears less unusual once
it is recognized as a formerly open montane grassland that has been invaded
by trees. Lacking a historical ecology perspective, the National Park Service
failed to discern the anomalous, human-induced changes in the ancient vegetation patterns, and so incorrectly believed that the best management option
was to leave the area in its current state.
Now a restoration program has been initiated based on (1) historical knowledge that the ancient grasslands were declining in extent because of 20thcentury human actions, and (2) the National Park Service’s mandate to
preserve natural biotic communities. Historical evidence of grassland extent
early in the 20th century and tree recruitment patterns in the area have served
as objective guides to the restoration procedures involving tree cutting and
prescribed burning. Managers on the adjoining Santa Fe National Forest have
recently conducted a similar grassland restoration project in a nearby area
and are considering other sites for treatment. The multiple lines of historical
evidence marshaled in this case were scientifically compelling, but the visual
presentation of the extensive tree invasion clearly evident in the air photo time
series (Figure 4) probably had the largest effect in mustering support for
grassland restoration among resource managers and the public.

fire scar histories: local and regional patterns
Prior to the 19th-century westward expansion and Euro-American settlement
in North America, frequent, low-intensity surface fires were a dominant ecological process in most pine and mixed-conifer forests (Agee 1993, Swetnam
1993, Swetnam and Baisan 1996). Detailed and long chronologies of surface
fires can be assembled by sampling fire scars preserved within the boles of
surviving trees (Swetnam and Baisan 1996, Arno et al. 1997, Fulé et al. 1997,
Brown et al. 1999). Most trees producing annual growth rings have also developed a physiological capacity to grow new rings over injuries caused by fires.
This capacity, plus the enhanced flammability of exposed wood and seeping
resin within previously formed wounds, often leads to multiple, overlapping
fire scars on individual trees. The calendar years, and usually the approximate
seasons, of past fires can be determined by cross-dating the annual rings and
by carefully observing the position of fire scars within the dated rings
(Dieterich and Swetnam 1984). Compiled fire scar records from numerous
specimens collected throughout forest stands often provide nearly complete
inventories of fire events over periods of centuries (Baisan and Swetnam 1990,
1997; Swetnam 1993, Fulé et al. 1997, Brown et al. 1999).
Fire scar–based fire histories are limited in a number of important ways. First,
as with most historical reconstructions, they depend upon the development
and preservation of the record; in this case, fire-scarred trees that can be
dated by dendrochronological techniques. Hence, fire history reconstructions
are generally precluded across large areas by the absence of annual ring–
producing trees or shrubs. Past harvesting and recent, intense fires can also
remove the accumulated fire scar record from some landscapes where it might
have previously been preserved in the resinous lower boles of living and dead
trees (i.e., snags, stumps, and logs). The fire scar record generally decreases in

Figure 4. Aerial photographs of the Cerro Grande montane grassland show vegetation
changes between 1935 (top) and 1979 (bottom). Recent invasion by ponderosa pine and
Douglas-fir trees has overwhelmed most of this ancient grassland. The field of view is
~2 kilometers across each photo.
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completeness with increasing time before the present because of burning and
decay processes. Another limitation of tree-ring-based fire history reconstructions is relatively low spatial resolution of past fire perimeters. Fire-scarred
trees are essentially “point” recorders of fire events, and they probably do not
record every fire that burns near their base. In low- to moderate-severity surface-fire regimes, there may be no other recoverable evidence of past fires than
a fragmentary and incomplete fire scar record.

sive livestock grazing nor effective fire suppression occurred, shows episodic
surface fires burning throughout the 20th century in the highest elevations of
this range (Swetnam et al. 2001). A similar fire history from remote areas
near Durango, Mexico, shows continued occurrence of surface fires until the
middle of the 20th century (Fulé and Covington 1997).
One of the ways that fire history research has been useful to managers in the
southwestern United States is in providing the primary evidence of frequent
surface fires in pine and mixed-conifer forests before circa 1900. These histories also indicate that large, high-intensity stand-replacement fires in southwestern ponderosa pine forests were rare. Other historical data supporting

Our example from the Southwest is a composite of fire event chronologies
from very widely dispersed mountain ranges over the entire region. The
regional fire years evident in the southwestern composite (Figure 5), were
almost certainly related to regional climatic patterns, since no other known
regional-scale factor is likely to have caused such a high degree of repeated
fire synchrony at this spatial scale over such a long period of time. Comparison of these multicentury chronologies with independent tree-ring-based
drought reconstructions confirms that extreme climatic oscillations of wet
and dry years were strongly related to regional fire years (Swetnam and
Betancourt 1990, 1998).

Number of Sites
Recording Fires

Numerous fire and land use histories in the Southwest indicate that intense
livestock grazing was the initial cause of decline in natural fire regimes at
regional and local scales in the late 1800s (Leopold 1924, Swetnam and
Baisan 1996, Swetnam et al. 2001). The general pattern documented in these
histories was a decrease in widespread, frequent fires that coincided closely
with the beginning of intense grazing by large numbers of sheep, goats, cattle, or horses in that particular area (Leopold 1924, Swetnam and Baisan
1996, Dahm and Geils 1997, Swetnam et al. 2001). While these events
occurred during the late 1800s in most locations, a few exceptions offer further support to the interpretation that livestock grazing was the initial cause
of fire regime disruptions. A few sites in northern New Mexico and Arizona,
for example, show fire frequencies declining in the early 19th century (or earlier) and corresponding to within a few years of the documented timing
of pastoral activities by Spanish colonists and Navajos in these areas (Allen
et al. 1995, Touchan et al. 1995, Baisan and Swetnam 1997). (Note the
decreased fire occurrence in the early 1800s in the uppermost chronology
labeled (a) in Figure 5 from traditional Navajo pasturelands in the Chuska
Mountains [Savage and Swetnam 1990].) In contrast, remote forest stands
surrounded by lava flows, with no evidence of intensive grazing, sustained
some surface fires into the middle of the 20th century, when aerial firefighting resources began to be most effective in suppressing fires (chronologies
labeled (b) in Figure 5 from El Malpais National Monument [Grissino-Mayer
and Swetnam 1997]). Finally, a remote mountain in northern Sonora, Mexico
(lowermost fire scar chronology labeled (c) in Figure 5), where neither inten-

Year
Figure 5.

Composite fire scar chronologies from 55 forest and woodland sites in
Arizona, New Mexico, and northern Mexico (a.d. 1600–present) reveal regional synchrony. In the upper chart, each horizontal line represents the composite fire chronology
from a different site, and the tick marks are the fire dates recorded by ≥10 percent firescarred trees (and ≥2 trees) within that site. The long tick marks are fire dates recorded
by ≥10 sites in the southwestern network. Note that when adjacent chronologies have
long tick marks for the same year, i.e., a regional fire event, this forms a continuous
vertical line between the chronologies. Most of the sites were in ponderosa pine or mixedconifer forests, and the sampled areas typically ranged from ~10 to 100 hectares,
although a few sites exceeded 1,000 hectares. The average number of trees sampled per
site was ~20, with a maximum of 56 trees. See the text (“Examples from the Southwestern United States: Fire Scar Histories, Local and Regional Patterns” [pages
105–107]) for explanations of the specific fire chronologies that are labeled (a), (b), (c)
on the right side. The line graph on the bottom shows the total number of sites recording
fire dates each year. Years indicated as “Regional Fire Years” are dates at which fires
occurred in ≥10 sites across the network.
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years, reduced fire activity, and fuel accumulation, followed by a La Niña
event, when precipitation is reduced and extreme burning conditions arise
(Swetnam and Betancourt 1998). The inverse of this fire-climate pattern may
exist in the Northern Rockies and Pacific Northwest, because ENSO-related
precipitation amounts tend to be opposite between this region and the
Southwest (Dettinger et al. 1998). Useful interseasonal fire hazard forecasting
systems might be developed using a combination of lagged climate-fuel patterns and lagged ENSO-precipitation relations.
Advantages and Constraints of Applied Historical Ecology
Historical ecology can be very useful to management, but there are number
of constraints in its application to management problems. Specific limitations of data and methods were briefly pointed out in our examples from
the Southwest. Now we will further discuss several general advantages and
constraints in using history.

Thus, at the most basic level, fire history research has been a major impetus
and justification for reintroduction of surface fire in pine and mixed-conifer
forests. This is especially the case in landscapes where natural-process maintenance is legally mandated, such as in designated wilderness areas and in
some park lands (Parsons et al. 1986, Christensen 1989, Allen et al. 1995).
Even on landscapes where restoration or preservation of “naturalness” per se
is not a goal, fire histories still provide basic information about the magnitude
and extent of changes that have occurred in the 20th century, relative to earlier centuries. This information is often crucial for determining if current conditions are practically sustainable, or if they are so anomalous in both a
historical and ecological sense that ecosystem sustainability is degraded.

Composites of Fire Scar Chronologies
from Southwestern U.S. Forests

Although these problems constrain our ability to reconstruct or use fire history in some locations and for some purposes, the tree-ring record has an
advantage of high temporal resolution. Seasonal or annual dating resolution
of fire scars enables fire historians to evaluate patterns of fire event synchrony
across multiple spatial scales. From evaluation of these patterns, it is possible
to make reasonable inferences about past fire extent, and human versus natural causes of change (Allen et al. 1998). Networks of systematically collected fire-scarred trees, for example, have been used to infer fire extent within
forest stands (Arno et al. 1997, Fulé et al. 1997) and across large landscapes
(Allen 1989, Brown et al. 1999).

this interpretation include forest age structure and stand density reconstructions from dendrochronology, repeat photographs, historical writings, and
early land survey records (Covington and Moore 1994). These data also show
that the end of frequent surface-fire regimes was followed in subsequent
decades by massive tree “irruptions,” leading to highly anomalous, dense
stands of dog-hair thickets (Covington and Moore 1994, Fulé et al. 1997).
These thickets are now a key factor contributing to catastrophic, standreplacing fires in some areas (Covington and Moore 1994). Twentieth-century
fire statistics from the Southwest show clear trends of increasing number, size,
and intensity of such catastrophic fires (Swetnam 1990, Dahm and Geils 1997,
Swetnam and Betancourt 1998). The combination of all of these lines of historical evidence is the strongest argument managers have for forest restoration
initiatives involving tree thinning and reintroduction of natural fire patterns
(Moore et al. 1999). Without such compelling historical evidence, public opposition would probably preclude most ecological restoration work.

predictability and historical context
Although direct or simple extrapolation of historical patterns or trends into
the future is usually erroneous, history can be useful for guiding the development and testing of predictive models. The fire and climate history findings in
the Southwest are encouraging in this regard, because they indicate that there
is some potential for using historical knowledge to help develop long-range
fire hazard forecasting models. Part of this potential derives from recent
understanding that the global climate system includes oscillatory dynamics
(e.g., ENSO, North American Oscillation, and Quasi-Biennial Oscillation),
driven by long temporal lags in the transfer of energy (heat) through and
between the oceans and the atmosphere. Improved physical knowledge of
these seasonal- to decadal-scale patterns and their impacts on regional climates has resulted in major improvements in long-range climate forecasting
models (Barnett et al. 1994, U.S. Global Change Research Program 1999).

Although fire histories have so far had the greatest impact in simply justifying fire restoration programs, ultimately, the specific characteristics of past
fire interval distributions may also serve as a guide to fire restoration programs involving repeat, interval burning. Measures of central tendency (e.g.,
means, medians, modes, etc.), range, and higher moments (e.g., variance,
skewness, etc.) of fire interval distributions determined from fire chronologies, for example, may provide a basis for modeling, planning, and implementing fire restoration programs designed to emulate natural processes. An
ecological reason for concerning ourselves with the distinctiveness of historical fire interval distributions on particular landscapes is that the character of
these distributions is intimately linked with the presence or absence of certain species (e.g., see Clark 1996), as well as the age structure, composition,
and spatial arrangement of extant communities (Arno et al. 1997, Fulé et al.
1997, Brown et al. 1999).

Historical climatology has played an important role in this scientific advance
by discovering the existence of some of the long-term, regional- to global-scale
patterns, and by providing important clues to the underlying mechanisms.
Knowledge of past patterns often generates hypotheses or interpretations that
can be tested and evaluated with modern observations, experiments, and models. Historical ecology offers similar opportunities for evaluating our understanding of ecosystems by comparing model simulations with historical
reconstructions of processes and structures (e.g., Anderson 1995, Miller and
Urban 1999). Although prediction (or forecasting) of many ecological processes, particularly chaotic ones, probably will never be possible, it is premature to assume that this is true for all situations. Some forest insect population
outbreaks, for example, are quasiperiodic and influenced by long-term climatic fluctuations (Swetnam and Lynch 1993). Therefore, they might hold
some promise for predictability with statistical or mechanistic models.

A potential application of fire history studies is to identify regional-scale, seasonal to decadal climate-fire relations that might be used in fire hazard forecasting models. Using historical data, for example, several researchers have
found that years of increased or decreased regional burning were closely related to the extreme phases of the El Niño–Southern Oscillation (ENSO)
(Simard et al. 1985; Swetnam and Betancourt 1990, 1998; Brenner 1991). In
the southwestern United States, extreme El Niño events typically result in
increased cool-season moisture with reduced fire activity in the following
spring and summer. These wet conditions also lead to growth and accumulation of fine fuels important to fire ignition and spread in subsequent dry seasons. A key situation for regional fire years is the contingency of a series of wet

Rather than a direct use of history for prediction, most historical ecologists
emphasize the importance of knowing history, because it informs us about
what is possible within the context of certain locations and times, and it places
current conditions into this context. This knowledge often informs us about
the potential causes of change and the historical pathways that brought
ecosystems to their current condition (Kaufmann et al. 1994, Morgan et
al. 1994, Swanson et al. 1994). Because history provides multiple points of
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temporal reference, it can also tell us if current conditions are highly anomalous and, therefore, in some cases deserving of greater priority in management decisions and actions. Providing a historical context for evaluating
present conditions may be one of the most important uses of historical knowledge as we face increasing concerns about human-caused environmental
changes in the 21st century (e.g., global warming). For example, the unusual
rate and magnitude of 20th-century atmospheric CO2 enrichment is placed
in historical context by the records from monitoring at Mauna Loa, Hawaii,
and from gas bubbles trapped in Greenland and Antarctic ice. We also know
from historical studies that the 1990s included the warmest years of the 20th
century on a global scale (U.S. Global Change Research Program 1999) and
that it was probably the warmest decade in the Northern Hemisphere over
the past 600 years (Mann et al. 1998). In light of the enormous consequences
of these environmental changes, it is crucial that we evaluate them within a
long-term historical context.

information for identifying desired future conditions, however, does not imply
management for static conditions. The importance of temporal change is partly reflected in the phrase “range of natural variability” (or “historical range of
variability”); i.e., the focus is not on a single condition, but on a range of conditions and the variability under which ecosystems were sustained in the past.
Recognition of the importance of maintaining or reestablishing the changing
nature of ecosystems is reflected in a policy adopted by some “natural” fire
programs in parks and wilderness areas. In the Sierra Nevada national parks,
for example, restoration of the historical or natural fire process is preferred
over restoration of a particular ecosystem structure that existed at some point
of time in the past (Parsons et al. 1986; Christensen 1988, 1989; Parsons
1990). Natural fire regimes, however, cannot be safely or effectively reintroduced in many ecosystems without first restoring related forest structures (see
Moore et al. 1999, Stephenson 1999).

history. Despite the prevalence of high temporal variability in many ecosystems, whether caused by humans or climate, this does not mean that we
can practically manage and sustain ecosystems under any condition that
we choose, regardless of the inherent limits and tolerances of species and
communities. As pointed out by Pickett et al. (1992) and a recent Ecological Society of America report:

be, but there is a limit to those ways, and therefore, human changes must
be within those limits.
—Christensen et al. (1996)
A primary objective of historical ecology should be to help define those limits.
In the face of imperfect understanding of ecosystem functional and evolutionary limits, knowledge of historical patterns and processes can be of considerable value. Applying historical knowledge to guiding and constraining
management actions is then an informed and conservative approach to managing ecosystems.1

Human-generated changes must be constrained because nature has functional, historical, and evolutionary limits. Nature has a range of ways to

Ultimately, decisions about “desired” conditions, and what is “natural” are
inherently subjective and value laden. History can inform this decision process, but it does not provide unequivocal policy or management guidelines
(Foster and Motzkin 1998, Schmidt et al. 1998). People must decide if past
mechanisms of change and the dynamical processes involved are desirable
for today’s landscapes. There are some landscapes where maintenance or
restoration of natural or historical processes and structures are probably
desired by most people and are legally mandated (e.g., designated wilderness and some parks). There are many other places where it is very difficult
to determine what historical processes and structures are compatible with
current human desires, as well as being necessary to sustain ecosystems. We
suspect, however, that the high costs and consequences of excluding necessary ecological processes (e.g., fire) will soon shape human desires and decisions more than they have in the past.

fragmentary nature of history
In our view, the most important limitation of historical ecology is that the
record of the past is often brief, fragmentary, or simply unobtainable for the
process or structure of interest. Almost all historical reconstructions also suffer from a “fading record” problem; i.e., the completeness and reliability of
the record decreases with increasing time before the present. This is usually
due to progressive loss of older evidence. Most historical ecology studies partially deal with this limitation by truncating the period of analyses to the bestreplicated and most reliable period. When historical reconstructions are
possible, they are often limited to only a few ecological variables or processes.
In the best circumstances, these are reconstructions of essential processes, such
as climate and fire for many terrestrial ecosystems.
Although lack of historical evidence cannot be remedied for many localities
and specific ecosystem processes, it is usually possible to assemble time series
of at least some relevant variables at broader spatial scales (e.g., regions) using
spatial networks, as in our packrat midden and fire history examples. Historical processes and patterns for specific locations and ecosystems may not be
recoverable or justifiably extrapolated from broader-scale histories. When
lacking local historical evidence, ecologists and managers should be particularly cautious about making assumptions based on knowledge of historical
pathways of vegetation change from other regions or ecosystem types.

humans and nature
A problem with using history to identify “natural” conditions is the fact that
humans were an important cause of past variability in most ecosystems
(Shrader-Frechette and McCoy 1995, Hunter 1996). Our southwestern
research, for example, indicates that Native Americans were probably very
influential, at least at local scales, in the pre-Columbian era (e.g., at Chaco
Canyon). Extreme fire regime changes in some forests were also caused by
human activities in the 19th–20th centuries (e.g., livestock grazing and active
fire suppression). Pre-Columbian human impacts on North American landscapes have often been underestimated (Denevan 1992), but there seems to
be a tendency in recent years to overgeneralize these impacts (Vale 1998).
Population densities, resource demands, and consequent ecological effects of
humans were highly variable through space and time (Russell 1997). Some
landscapes were managed and manipulated for millennia, while it is likely
that some large regions and ecosystems were not substantially altered by
humans until the 19th or 20th centuries (Vale 1998).

Because of the fragmentary nature of the historical record, and uncertainties
about causation and the potential role of unmeasured variables, the highest
degree of confidence is achieved by combining multiple, independent data
sources and historical methods (e.g., our example of tree invasion in montane
grasslands). Converging lines of historical evidence from many locations are
most convincing, particularly when coupled with sound knowledge of mechanisms established by modern observations and experiments.

nonequilibrium paradigm

It is obvious that many ecosystems are greatly modified today by humans,
and for many areas restoration of historical processes or structures is impossible or undesirable. In these areas, we often trade off ecological integrity for
short-term economic gains, as many ecosystem components (e.g., biodiversity) and processes (e.g., ecosystem services, like water purification) are lost in
humanized landscapes. Moreover, human needs are increasing, and humans
will largely determine the future of all ecosystems, perhaps regardless of

Other challenges to the usefulness or relevance of history derive from the
nonequilibrium paradigm. If ecosystems are necessarily dynamic, then it may
be misguided and fruitless to choose a single fixed point or period of time in
the past for establishing a static, desired future condition (Sprugel 1991). The
Holocene history of southwestern plant communities is a graphic example of
the remarkable changeability of ecosystems (Figure 2). The use of historical

108

This essay was originally published as an article in Ecological Applications 9, no.
4 (1999): 1189–1206, and is reprinted here in full. © Copyright by the Ecological
Society of America, 1999. Reprinted with the permission of the USGS and
Ecological Applications.

109

Wildfire_Pt2b_p76-117_FINAL

3/2/06

3:34 PM

Page 110

FIRE AND SUCCESSION
A Critical Process for Forest Bird Populations
Terrell D. Rich

A variety of birds use burned forests, beginning before the fire is even out and continuing for decades as
the forest returns to old growth. During forest transformation, new species arrive and others leave. All
forest stages are needed to maintain forest bird populations. Our challenge is to keep fire in these systems
so as to maintain various ecological stages in an optimal mix across the landscape.

Terrell D. Rich worked as a wildlife biologist for the Bureau of Land
Management for 20 years in Idaho and North Dakota, serving from 1992
to 2000 as BLM’s national Nongame Bird Program manager. He has
served as a wildland firefighter across the West, including a month on the
Yellowstone fires of 1988. In 2000, Terry became national coordinator of
Partners in Flight at the U.S. Fish and Wildlife Service. Providing guidance
on forest bird management is a high priority for the partnership.

O

ne of the concepts we now grasp after decades of research on ecosystems is that they are extraordinarily complex.1 Where we have presumed to know enough to manipulate these systems, we often have
failed to anticipate some profound results. Damming rivers and suppressing
wildfires must be near the top of the list. Part of the problem is a serious mismatch of ecological and management scales.2 We tend to manage small areas,
like a patch of forest or a portion of a valley, while the populations and phenomena that affect our managed area occur across landscapes, regions, the
continent, and even the entire planet. And we tend to think about what happened over the last few years and what might happen over the next few. But the
systems we work in have connections that go back millennia, while our actions
today cannot be fully evaluated for years, decades, or perhaps even centuries.
Fortunately, we have come to once again appreciate an ancient bit of wisdom
—the more we know, the more we know we don’t know. This axiom should
lead the thoughtful person to a embrace the precautionary principle, admitting ignorance from the outset and proceeding cautiously, defaulting to minimal intervention and safeguarding future options when in doubt. And we
should always be in doubt.
The Complexity of Ecosystems
Predicting the effects of forest fires on any suite of species is a difficult enterprise, for essentially every aspect of the forest ecosystem has wide variation:
● The species composition and physical structure of the preburn vegetation community
● The species composition of the preburn bird community, as well as
species density, productivity, and survival
● The humidity, fuel moisture, temperature, wind, and other weatherrelated attributes of the site during the burn period
● The intensity of the burn and the variation in that intensity over the
landscape
● The structural characteristics of the postburn forest, notably the density of snags in the postburn forest structure

Great gray owls nesting at the top of a snag in a burned forest, Idaho.
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● Responses of particular species to a particular postburn forest
● Responses of particular bird species to what has happened across the
larger landscape surrounding the site
● The rate and pattern of recolonization of the burn site by nonavian
species, notably nest predators such as racoons, snakes, and small
mammals

understanding of the effects of past fires to devise specific strategies for the
future with a high level of confidence.15 Further, current distributions of
species and their habitat associations, densities, and demographies differ from
historical conditions. All of these factors and more have been altered by human
intervention.16 Timing, frequency, intensity, and scale of fires have been
changed by livestock grazing, timber harvest, the spread of invasive species,
fragmentation, and fire suppression, to name a few of the biggest factors.17

Ultimately, we want to know whether a set of sites across time and across the
landscape provides habitats for source populations—populations that nest
successfully and export young. It is not enough for sites to support breeding
pairs—if they don’t produce young that survive, the population declines.
Unfortunately, we often don’t know how well our populations are doing. They
may even be “sinks.”3 Sink populations may look good to the casual observer
—birds are singing, foraging, and nesting in the habitat—but not enough
young are produced to maintain the population, and it declines. The data
required to distinguish a source population from a sink are rarely collected.4
Further, most of our data come from opportunistic studies—that is, studies
that do not have replication or controls.5

Management Choices
In most cases we would choose to manage forests, including forest fires, to
produce conditions within the historical range of variability. But as a result of
a long list of human interventions, we typically must choose which conditions
and species we want to emphasize. In assessing the responses of birds to fire, I
believe it is the response of individual species that is most often of most interest in conservation. Although diversity indices, community similarity measures, and other composite metrics might be of interest in testing certain
academic hypotheses, from a management and conservation standpoint, these
measures are not very useful.18 Species responses differ.19 As we are forced to
make choices, all else being equal, we should choose actions that enhance the
future health of those species most in need.

Long-term, intensive study of even the relatively simple sagebrush bird
communities of the western United States6 has revealed that it is difficult
to predict bird species composition and densities within a given set of ecosystem conditions. When we couple this intrinsic variability with our incomplete understanding of ecosystem processes,7 it is little wonder that we have
difficulties predicting bird population responses within much more complex
forest communities.

Although a number of organizations have produced lists of priority species at
various geographic scales, Partners in Flight—a consortium of organizations working for bird conservation—has recently collected and analyzed
data and expert opinion from across the North American continent to produce the first standardized assessment of the 448 species of landbirds that
regularly breed in the United States and Canada.20 This assessment evaluates
the future vulnerability of each species to widespread extirpation or extinction according to six criteria—size of breeding distribution, size of nonbreeding distribution, threats to breeding birds, threats to nonbreeding birds,
population trend, and population size—thus allowing us to see which species
are of most concern in a given area (Table 1 [pages 116–117]).21

historical range of variability
An important tool that helps us to deal with ecosystem complexity in our management planning is the concept of “historical range of variability.”8 Historical
range of variability has been defined as “the variability of regional or landscape composition, structure, and disturbances, during a period of time of
several cycles of the common disturbance intervals, and similar environmental gradients, referring, for the United States, to a period prior to extensive agricultural or industrial development.” 9 Disturbances include wildfire,
insect outbreaks, hurricane damage, ice storms, drought, and a host of other
natural phenomena that cause major changes in a given ecosystem. Because
these disturbances vary greatly in their effect during any single episode, it is
necessary to understand the range of conditions that is created through a number of cycles. The concept of historical range of variability includes the logical
precept that past conditions and processes provide excellent guidance for managing ecological systems today.10 Because native species have evolved within
this historical range of variability, we would be wise to assume that those conditions are the optimal setting for them.11

Bird Population Responses to Fire
Species respond to the effects of a fire rather than to the fire itself. Exposed
food resources, dead trees, bare ground, open spaces, edges, and, as time passes, the succession of vegetation on a site are what birds react to. Both natural
phenomena and human activities other than fire that change the forest can
give us insight into these responses.22 For example, a forest patch killed by
insects will produce snags for cavity nesters just as fire will. The natural edge
between a forest and a meadow may be similar to the edge between burned
and unburned forest. Early successional vegetation following timber harvest
may be similar to that following a burn. Relatively fine-scale mosaics of forest
and nonforest habitats may be naturally interspersed, particularly in the drier
parts of the Intermountain West, and these may be similar to mosaics produced by certain burns.

There is no single solution, no particular arrangement of habitats and species
that we should strive to create and maintain.12 Our target is not a single condition but a range of conditions to be orchestrated as best we can across the
years and across the landscape.13 The intent is not necessarily to mimic historical patterns, but rather to use them in devising alternative strategies to
achieve our objectives.14

Bird species occurrence and densities in forests with different structures have
been widely studied in the western United States.23 Many of these studies
were directly related to assessing the effects of fire. As a result, there is a reasonably good base of information that we can use to predict the responses of
various species to forest fires. Here I address 88 species of North American

Although the concept of historical range of variability helps us think comprehensively about forest dynamics, we do not yet have an adequate enough
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landbirds (Table 1) whose responses to the effects of fire or analogous phenomena have been published in the scientific literature. Partners in Flight
has identified 12 of these species for its Continental Watch List—a listing of
the 100 North American landbird species most vulnerable to widespread
extirpation or extinction.
The greatest differences between the responses of different bird communities
to forest fires occurs immediately following a burn.24 Change in the physical
structure of the forest is often dramatic,25 and essentially every species reacts
in some way. But this stage is fleeting because succession also begins at once—
seeds sprout, grasses begin to grow—to restore the former condition of the
forest. This also is when the bird community starts its own long successional
course to gradually converge with that of the unburned forest.26

individual species responses
Over the many intervening years between the burn and the eventual oldgrowth forest, certain groups of species respond to the succession of vegetation in generally similar ways. Black-backed woodpeckers are the species
most uniquely adapted to a particular stage of the forest in that they are
clearly dependent on new burns.27 Black-backs rapidly colonize burns to
take advantage of the larvae of bark- and wood-boring beetles that immediately attack dead and damaged trees.28 These beetles decline rapidly over
the first few years postburn, leading black-backs to leave the area in search
of more newly burned forest.
Most of the remaining species can be placed only into general groups because
their responses to burns are not as clear-cut. Some species (Group 1, Table 1)
prefer large tracts of mature forest with relatively few openings. These species
decline as forest tract size decreases or as openings become larger. Thus their
populations are apt to diminish most dramatically following a fire. Even an
uneven burn that produces scattered openings in the forest across the landscape likely will cause these species to drop in numbers.
Another group (Group 2, Table 1) uses coniferous forests with small to moderate openings containing early successional vegetation such as low shrubs.
These species usually decrease as openings become larger. An uneven burn
through a closed-canopy forest would improve habitat for these species.
A third group (Group 3, Table 1) benefits from substantial coniferous forest
openings with early successional vegetation. These species require open areas
for aerial foraging, access to the ground layer for seeds or small-mammal prey,
or more extensive areas of shrubs and forbs for nest sites and insects. This
group includes many generalist species—species that occur widely in North
America and which use a variety of habitat types.
Finally, we can identify a fourth group of species that are most common in
early postfire forests with standing dead trees (Group 4, Table 1). This group
prefers various aspects of the early postfire forest, including dead and dam-

Top: Downy woodpeckers rapidly colonize burns to take advantage of the
larva of bark- and wood-boring beetles that attack postfire dead and
vulnerable trees. Bottom: The house wren, a cavity nester, is common
in early postfire forests with standing dead trees.
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aged trees newly infested with insects, open areas for flycatching adjacent to
high perches, open areas for aerial foraging, bare ground with exposed seeds
and insect prey, and trees with new cavities for nest sites.

The density of available nest cavities depends on a number of factors interacting in a complex manner.39 Cavities in a burned forest may decrease immediately (years 0–2) if the burn destroys existing snags without creating new
ones. Cavity nesters may then increase if the burn creates new snags, which
become suitable for nest sites slightly later (years 3– 4) as woodpeckers excavate more and more cavities.40 In general, more coarse woody material—trees
and large branches—is converted from live to dead than is destroyed by the
fire.41 The length of time that snags remain standing and useful to cavity
nesters depends on the diameter, height, state of decay, and species of the
tree.42 Further, the nature of the community of nest predators such as black
bears, racoons, squirrels, snakes, and ravens43 and their rate of reinvasion of
a site can have a strong effect on bird population recovery. When aspen is
available, it tends to be important to cavity-nesting birds, because its relatively soft wood is easy to excavate.44

There is no overriding tendency for species in a particular group to be particularly rare or at risk. Each of these four groups contains species of conservation concern as well as common and uncommon species. I found no
statistically significant differences in the number of at-risk species when
comparing those associated with old-growth, understory vegetation, deciduous vegetation, large trees, snags, or different types of nest sites (Table
1). This general lack of differences in the vulnerability of bird groups
defined in various ways underscores the importance of knowing how indi
vidual species respond to fire. In other words, there apparently is no single
successional stage or structural condition that is generally “better” for birds
than any other. We must look at the needs of particular species when setting management goals and objectives.

nected across the landscape so that species can move among them as needed.
And this arrangement certainly will change as we monitor the outcomes, conduct research, and refine our objectives over time.

This also is where our understanding of the responses of particular
species to fire as established in defining the biological relationships
within an ecosystem becomes very important. For example, what is the
minimum patch size of forest in a certain condition that still provides
source habitat—habitat where adults produce and export young—for
a given species? How successfully can the species disperse across various distances and types of habitat? If we have answers to these and
many similar questions, we can evaluate whether or not a given patch
of forest is worth restoring, managing, or protecting. With limited time,
people, and money, we will always have to prioritize sites for conservation action.

There are three aspects of forests, bird populations, and the processes that
connect them that we need to better understand before we can devise our optimal forest design for the future:
1. Landscape conditions over broad scales. We do not yet have an adequate understanding of ecological processes. This is especially true for
complex landscapes such as forests, and for large scales such as the
breeding range of a typical landbird species, which is at least the size of
several states. Until we can adequately characterize habitat conditions
over the entire range of a species at one time, we will always be dealing
with pieces of the picture.

2. Design an optimal solution. An optimal solution will specify where
and how we can do the most good for the most forest and the most
species of interest over the long term. Once again, we are not trying to
produce a single, static design and maintain it without change forever.
Rather, we are trying to produce a matrix of forests across the continent
that naturally change as a result of ecological forces such as fire but
which also are bounded by our management goals. Thus, if in 30 years
we realize that we need more burns, fewer burns, bigger patches, or a
different mix of patches to benefit our highest-priority bird species, we
would adjust our management plan.51 The establishment of population
objectives for North American landbirds 52 should help achieve this solution because we now have some idea of how much habitat we need for
each species. We are far from constructing our optimal solution at the
continental scale owing to its complexity. In the meantime, we must
maintain our options 53 so that adaptive management can take us on an
alternative course where and when that is needed.

Setting Objectives for Forest Bird Populations

foraging guild responses

Although I have emphasized the importance of understanding the responses
of individual species to forest fires, in most cases this does not mean we should
manage forests for single bird species.45 Once we have chosen focal species
and understand their individual needs, we can look for commonalities among
them and create forest management strategies for multiple species, including,
of course, species in addition to birds. But as more species of interest are
added, our planning task becomes more and more complex. Thus, we must
look for means of simplifying this task—for example, through the possible use
of surrogates, such as indicator or umbrella species.46 Indicator species react
in ways that represent the reactions of several other species, while umbrella
species are those that, if managed for, should “cover” a number of other
species. We must further assess our accomplishments at large scales, considering the cumulative effects of many more local actions.47

Birds can also be grouped according to membership in various foraging guilds
—groups of species that obtain similar food in a similar way (Table 1). The
responses of these guilds reflect changes in availability of various types of food
resources in the postburn forest as time passes. For example, habitat suitability for woodpeckers and other timber drillers, which feed on bark- and woodboring beetles, increases rapidly and then declines steadily postburn.29 As the
wood dries, hardens, and ages, it quickly becomes unsuitable for these insect
species.30 The impact of this change is most pronounced for the black-backed
woodpecker,31 which specializes on the larvae of these beetles.
Exposed ground contains a higher density of food items such as seeds and
insects weakened or killed by the burn. Thus newly burned plots support a
higher number of seed eaters32 and ground foragers than do unburned plots.33
Ground foragers decline relatively quickly as resources are depleted and as
vegetation recovers.

Those involved in setting priority species and management objectives in
any particular forest region should consult both the North American
Landbird Conservation Plan 48 and the appropriate regional plan. Biologists have provided details on habitat relationships for birds at state, provincial, and local scales in plans written by Partners in Flight working
groups. For western North America, such plans exist for Alaska, British
Columbia and the Yukon, Oregon and Washington, California, Idaho,
Nevada, Utah, Arizona, New Mexico, Colorado, Wyoming, and Montana.49
I reiterate that although we must evaluate our options at various scales, the
consequences and benefits of our choices must ultimately be assessed across
larger, not smaller, scales.50

Foliage and bark gleaners decline immediately after fire, as foliage is typically removed from a site; these species slowly recover as foliage recovers with succession.34 Foliage gleaners that use shrubby vegetation recover
much more quickly than those that use the canopy foliage and may reach
their highest densities in early successional vegetation.35 As a few years pass,
aerial foragers, such as some flycatchers and Lewis’s woodpecker, are attracted 36 because of the openness of sites, the vegetation regrowth, and the
associated increase in insects.37 However, in some forests many species do
not reach their maximum abundance until old-growth status is achieved,
which may take centuries.38

In determining strategies for the management of forests to secure bird populations into the future, we must consider two major factors: (1) the great variation in the effects of fire on ecosystems and on their bird populations, and (2)
the habitat requirements of identified priority bird species. Our challenge is to
manage toward an optimal solution—the best arrangement of forest types and
the processes that we can devise to maintain forest ecosystems and their priority species across the landscape and into the future. This best solution will be
found within the historical range of variability, focused and guided by our
ability to favor species that need help. The solution will be dynamic. That is,
there is no single, static arrangement of forest types and structures that will
meet our needs. We must manage for a variety of successional stages well con-

nesting guild responses
In a burned forest, we know that species that use shrub or canopy vegetation
for nest sites will decline because those types of nest sites are temporarily
eliminated. Even ground-nesting species mostly will decline because the
important nest cover provided by shrubs, grasses, and forbs is gone. But for
cavity nesters, the result of the burn can vary substantially. Cavity nesters
include woodpeckers, chickadees, nuthatches, and other species (Table 1)
that either excavate their own nest holes or rely on holes provided by excavators or other phenomena.
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2. Landscape conditions in the context of historical range of variability. We also need to be able to characterize landscape conditions
within the historical range of variability over spatial and temporal
scales relevant to the species of interest. This critical step provides the
baseline against which we can judge the future possibilities for landscape design. The management of fire in the forest landscape is obviously a critical component of that design.
3. Bird-habitat relationships. A few bird species have relatively consistent, predictable numerical or behavioral responses to changes in habitat structure. But even for these species, we rarely know how observed
responses reflect more important underlying demographic parameters,
such as productivity and survival. Many more bird species respond in
variable ways to burns.

3. Evaluate the solution. There are seemingly unlimited numbers of
hypotheses and assumptions that need to be tested in such a complex
enterprise. But from the perspective of forest bird conservation, the ultimate question is, Does our optimal solution result in source habitats so
that species are maintained or increased to meet our continental population objectives? 54 If so, we have found at least one good answer. If
not, we can either adapt our management or ask whether what we have
created is an acceptable alternative.

Our understanding of all bird population responses is hampered by a lack of
adequate experimental approaches to bird-habitat modeling. It is very difficult to burn forests in a controlled way, with adequate replications, and thereby conduct the experiments we need. As a result, we must depend on studying
what we can in naturally occurring forest fires and prescribed fires. Both of
the latter have many unknown and uncontrollable aspects that confound
results. Given the many sources of difficulty in an experimental approach to
burning forests and assessing population responses, more research on birdhabitat relationships is badly needed.

•••
In conclusion, the wise management, protection, and restoration of forest
ecosystems is complicated by many factors. For the 88 species of North American landbirds addressed here, fire effects are varied, often inconsistent across
sites, or in many cases simply not known. However, as a society we have recently made the important paradigm shift—forests are much more than timber, and fires are not bad — that allows us to make real progress in the
conservation of forests and their birds. With our growing suite of research
results, analytical tools, and improved understanding of ecological systems,
we have the scientific capacity to steadily do a more intelligent job in forest
protection and management. If we will insist on clear objectives from land
managers, widespread review and discussion of options, science-based information on which to base both, and clear logic for the choices made, we can
help ensure that forests and birds thrive far into the future with fire playing
the critical role it always has.55

In addition, then, three steps are needed to tie the biological components just
discussed together:
1. Identify management possibilities. The preceding three aspects
define the biological relationships within a particular ecosystem. We
then need to determine what kind of management is actually possible
given resource limitations and other restraints. Some of our best
chances to produce healthy, dynamic forests will be where there are
large, contiguous blocks of forest land in public ownership. However,
our task quickly becomes more complex as the landscape becomes
more fragmented and where ownership is primarily among many
private landowners.
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Table 1. Attributes of bird species most often of interest in the fire ecology of western forests

Table 1. Attributes of bird species most often of interest in the fire ecology of western forests (continued)

associated with
Common Namea

Burn
Response
Groupb

Vulnerabilityc
(max = 20,
min = 4)

Nest
Sited

Feeding
Zonee

Old
Growth

*Spotted owl1

2

16

can

Gr

x

*Flammulated owl2

3

15

cav

Gr

x

*Lewis’s woodpecker

Understory
Shrubs

associated with

Deciduous
Vegetation

Large
Trees

Snags

x

Vulnerabilityc
(max = 20,
min = 4)

Nest
Sited

Feeding
Zonee

Swainson’s thrush48

1

10

shr

F

American three-toed woodpecker49

4

9

cav

B-dr

Northern saw-whet owl

Old
Growth

15

cav

A/B-gl

3

9

cav

Gr

2

15

gr

F

Pine grosbeak51

1

9

shr

F

*Hermit warbler

3

15

can

F

Steller’s jay

3

9

can

F/Gr

x

*White-headed woodpecker6

1

14

cav

B-dr

1

9

cav

B-gl

x

*Calliope hummingbird

Western tanager

3

9

can

F

Violet-green swallow55

4

9

cav

A

Red crossbill56

3

9

can

F

Northern flicker57

4

9

cav

Gr

Pine siskin

4

9

can

F

Golden-crowned kinglet59

1

9

can

F

x

x

Brown creeper53

x

x

14

shr

F

4

14

can

A

*Grace’s warbler9

2

14

can

F

*Blue grouse10

2

14

gr

Gr

3

14

shr

F

x

3

13

shr

F

x

Williamson’s sapsucker

3

13

cav

B-dr

x

x

Nashville warbler

3

9

gr

F

Western bluebird14

4

13

cav

Gr

x

x

Ruby-crowned kinglet61

1

9

can

F

Cassin’s finch15

4

13

can

F

White-crowned sparrow62

3

9

gr

Gr

x

Lazuli bunting16

3

13

shr

F

Orange-crowned warbler63

3

9

gr

F

x

3

13

cav

B-dr

64

Clark’s nutcracker

4

8

can

F

4

13

cav

A

Mountain bluebird65

4

8

cav

Gr

3

13

can

F

x

Spotted towhee

3

8

gr

Gr

x

3

13

shr

A

x

Fox sparrow67

3

8

shr

Gr

x

Pacific-slope flycatcher

1

13

gr-can

A

Tree swallow

4

8

cav

A

Long-eared owl22

3

12

can

Gr

White-winged crossbill69

1

8

can

F

Vaux’s swift23

1

12

chm

A

Dark-eyed junco70

3

8

gr

Gr

Black-chinned hummingbird24

2

12

shr

F

Pileated woodpecker71

1

7

cav

B-dr

Red-naped sapsucker

x

American kestrel

3

7

cav

Gr

x

Downy woodpecker73

3

7

cav

B-dr

Gray jay74

2

7

can

F/Gr

x

Winter wren75

1

7

cav

Gr

x

*Rufous hummingbird
*Brewer’s sparrow12

13

Red-breasted sapsucker

17

Cordilleran flycatcher18
Black-throated gray warbler

19

Dusky flycatcher20
21

x
x

x

x

x

60

66

x

68

x

x
x

3

12

cav

B-dr

2

12

cav

B-gl

Plumbeous vireo27

2

12

can

F

Broad-tailed hummingbird28

2

12

can

F

x

Green-tailed towhee

3

12

shr

Gr

x

Wilson’s warbler30

2

12

gr

F

x

Northern goshawk31

2

11

can

Gr/A

x

Black-backed woodpecker32

4

11

cav

B-dr

x

Hutton’s vireo

29

x

58

x

Pygmy nuthatch26

25

54

x
x

x

x

x

x

x

72

Lincoln’s sparrow
x
x

Snags

x

x

x

x

x

x

x

x
x

x

x

x
x

x
x
x

x
x

x
x

x

3

7

gr

Gr

x

x

Yellow warbler77

3

7

shr

F

x

x

Brown-headed cowbird78

3

7

none

Gr

Chipping sparrow79

3

7

can

Gr/F

x

x

76

Large
Trees

x

2

11

x

52

Deciduous
Vegetation

*Olive-sided flycatcher8

7

x

x

50

Understory
Shrubs

x

4

5

x

Burn
Response
Groupb

*Red-faced warbler4

3

x

Common Namea

3

11

can

F

Red-tailed hawk

3

6

can

Gr

x

x

Cassin’s vireo34

3

11

can

F

Hairy woodpecker81

4

6

cav

B-dr

x

x

x

Black-headed grosbeak35

2

11

shr

F

White-breasted nuthatch82

1

6

cav

B-gl

x

x

x

Chestnut-backed chickadee36

1

11

cav

F

Red-breasted nuthatch83

1

6

cav

B-gl

x

x

x

Western wood-pewee

4

11

can

A

House wren

84

4

6

cav

F

Townsend’s warbler38

1

11

can

F

Black-capped chickadee85

3

6

cav

F

Hammond’s flycatcher

2

11

can

A

Hermit thrush

1

6

gr

Gr

Warbling vireo40

2

11

can

F

Yellow-rumped warbler87

2

6

can

F

Varied thrush

1

11

can

Gr

x

American robin

4

5

can

Gr

Great gray owl42

3

10

can

Gr

x

Townsend’s solitaire43

3

10

gr

Gr

1

10

cav

Gr/A

33

37

39

41

Boreal owl44
MacGillivray’s warbler

3

10

gr

F

Evening grosbeak46

2

10

can

F

Mountain chickadee47

1

10

cav

F

45
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80

x

x
x

x

86

x

x
x

x
x

x

x
x

x

x

x

x
x

88

x

x

Table notes appear in the endnotes section at the back of the book.
a. Species are sorted first by vulnerability score and second by total
population size. Asterisked species (*) = Continental Watch List
species: high-priority North American landbirds as defined by
Partners in Flight.89
b. Burn response groups: groups of species that respond in similar
ways to forest burns. G1 = species that require relatively large
tracts of mature coniferous forest and that decrease with openings.

G2 = species that use forests with small to moderate openings (oldgrowth structure) with early successional vegetation but that usually decrease as openings become larger. G3 = species that benefit
from substantial coniferous forest openings with early successional vegetation. G4 = species that are most common in early postfire,
standing-dead-tree forests.
c. Vulnerability = future vulnerability of each species, based on size
of breeding distribution, size of nonbreeding distribution, threats
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to breeding birds, threats to nonbreeding birds, population trend,
and population size. For further attributes, such as population
size, that pertain to landbird species vulnerability, please see
www.PartnersInFlight.org.
d. Nest site: can = canopy; cav = cavity; chm = chimney; gr = ground;
shr = shrub.
e. Feeding zone: A = aerial; B-gl = bark gleaner; B-dr = bark driller;
F = foliage gleaner; Gr = ground.
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INTRODUCTION
Fire and Rebirth

T

he photographs on the following pages show landscapes that were created by fire. There are no photos of raging flames. No dead animals.
No burnt homes. In fact, most of these landscapes are quite beautiful,
and that is no accident. By presenting the images in this way, I wish to change
the perception of fire as a destroyer to an understanding of fire as a creator—
the result of this creative force being great beauty.

year or two after a blaze or after the passage of decades, fire is the common
denominator that has fashioned the beauty that inspires us.
It is natural to feel a loss when a favorite place is altered by a blaze, and it
may take some time to adjust to the new look of the landscape. Immediately
after a fire, most places do look bleak and barren. But time is the great healer. I hope these pages will give you the ability to look at a recently charred
landscape and imagine in your mind’s eye what it will be like in 2, 5, or 50
years. Such perspective will even allow you to look forward to watching the
changes set in motion by a fire.

Fire is the source of much of nature’s splendor. Like an artist, nature uses fire
as a tool to chisel, sculpt, and paint the landscape of the West (and some of
the East’s as well). If you enjoy the open, parklike majesty of a ponderosa
pine forest, the autumn gold of a slope decorated with aspen, or the lush, verdant growth of grasses and wildflowers on the prairie after a burn, you are
enjoying the creative power of fire.

It is also my hope that once you finish reviewing this book, when you see the
charred remains of a blaze in a postfire landscape, you will no longer think
of the place as destroyed, but rather as undergoing a transformation that is
part of a natural ecological process that is beautiful in itself. I hope that
when you hear the evening news report on a fire, you will be more critical of
the descriptions that portray the event as a disaster. I hope that when you
see a burnt meadow, you will think of the wildflowers yet to grace the field
and the elk that may be grazing upon them. Or that when passing a forest of
charred trees, you will imagine the bluebirds and woodpeckers that will soon
flit through the snags.

Contrary to common misconception, fire does not destroy the forest but helps
to rejuvenate and reinvigorate ecosystems. Nutrients released during a fire
fertilize the land. Heat from flames cleanses. New light spurs greater plant
growth. In all cases, fire is the transformative force.
Some of these photographs were taken just a few years after a blaze, while
others show the transformation of a landscape decades after a fire passed
through the area. Many of the photos are of landscapes burned by famous fires
such as the 1988 Yellowstone blaze, the 2000 Cerro Grande fire near Los
Alamos, or southern Oregon’s 2002 Biscuit Fire—places that were often
described by media accounts as “devastated” and “destroyed.” However, most
readers would probably agree that the landscapes in these photographs hardly look destroyed. Although the land was changed by fire, it was not devastated or permanently damaged but rather restored itself and thrived. Whether a

The text that accompanies these photographs is designed to provide some
information on how to interpret each photo. The eye icon at the top of each
page is the ecological eye I discuss at the beginning of the book—the lens that
sees fire as an ecological force. The images are a road map that can help you
to read the landscape and to understand the process of nature’s artistic palette.
Enjoy the journey.

118–119: Left: Glacier National Park, near Logan Pass, Montana.
Right: Crown fire, Malheur National Forest, Oregon, 2002.
Opposite: Standing and fallen snags from the 3-million-acre 1910
fires, Great Burn proposed wilderness, Idaho-Montana border.
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HOW TO LO OK AND SEE
Aspen and Ponderosa Pine with Understory
of White Fir, Kaibab Plateau, Arizona

Spruce-Fir Forest,
Rocky Mountain National Park

In this photograph, fire suppression has permitted white fir, a shade-tolerant/fire-intolerant species, to establish itself in the understory of an
aspen and ponderosa pine forest. Fire typically
kills the thin-barked fir. But when fire kills the
aboveground boles of aspen, the trees are able
to sprout new stems from the roots in a process
known as “suckering,” often with thousands of
new suckers per acre. In the absence of fire, white
fir will shade out the aspen grove, leading to the
decline of the aspen.

Not all forest habitats are characterized by “light
burns.” Many higher-elevation forest communities in the West, such as this spruce-fir forest in
Rocky Mountain National Park, tend to burn up
in stand-replacement crown fires, in which all or
most of the trees are killed by intense blazes.
Looking at the thick boughs that sweep toward
the ground, one can see how flames could easily
be carried up into the top of such a forest to leap
from tree to tree.

House Among Trees, Northern Idaho

Cows in Riparian Area, Wolf Creek,
Ochoco National Forest, Oregon

This home, nestled in the forest, may look desirable from an aesthetic point of view, but it is a fire
hazard, with trees growing right up to the structure. Any fire that reaches the house will likely
burn it down. Because of increasing sprawl into
the wildland-urban interface, the federal government is spending more and more resources to
defend homes. The ever-escalating cost of fire
suppression is in large part driven by attempts to
save these inappropriately located structures.

Most people do not realize the multiple ways
in which livestock production has altered fire
regimes in the West. As can be seen here, where
cattle have cropped grass to an inch or so in stubble height, not many fine fuels remain to carry a
flame. Grasses repeatedly eaten by cows become
weakened and tend to die out over time. Under
livestock-free conditions, dense grasses preclude
the establishment of trees, resulting in the historically characteristic open, parklike stands of ponderosa pine that once covered much of the West.
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NEW MEXICO
Jemez Mountains

Rabbitbrush, aspen, and a young ponderosa pine
recolonize a site in the Jemez Mountains that
burned in the 2000 Cerro Grande Fire near Los
Alamos, New Mexico.
Although the media branded the fire a “catastrophic blaze,” within a few years aspen were
sprouting from many decadent groves, thick grass
carpeted the ground, and young ponderosa pines
were established on the bare mineral soil exposed
by the fire.
Despite the ecological good that resulted, the
Cerro Grande Fire will forever be tainted by
the loss of 235 homes that burned in the city of
Los Alamos. The blaze eventually grew into an
unstoppable inferno, burning a perimeter of
48,000 acres (a burn is referred to in terms of the
acreage contained within its perimeter—but not
all acres within this perimeter are burned). Like
all large fires in the West, it was tied to high winds.
The fire began on May 4, 2000, as a prescribed
burn in Bandelier National Monument. Conditions
for a safe burn seemed ideal. Rain in the preceding days had increased moisture on the ground,
and wind speeds were only 1 to 5 miles per hour.
National Park Service personnel set the burn at
10,000 feet, where snow still lay on the ground.
However, an unexpected change in wind speed
and direction on May 5 pushed the fire away from
Cerro Grande Peak toward Los Alamos. The fire
was initially contained, but not extinguished.
High winds on May 7 drove the fire onto the Santa
Fe National Forest, where it continued to grow
and spread. By May 10, winds in excess of 70
miles per hour caused the flames to race across
15,000 acres in just nine hours, propelling burning embers a mile or more in front of the fire
front and allowing the blaze to reach homes in
Los Alamos.
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FLORIDA
Ocala National Forest

Historically, most southern pine forests experienced frequent light-burning blazes such as the
one that took place here. In many southern pine
woods, fires occurred every 1 to 3 years, prior to
extensive fire suppression. This is one reason why
such pines have special adaptations to blazes,
including a thick, flaky bark that resists flames
and a kind of self-pruning that eliminates lower
branches, thus protecting the trees from crown
fires. In the absence of fire, a closed hardwood
canopy develops that eventually eliminates pines
from the site.
Many southern pine ecosystems are in jeopardy.
For instance, the southern longleaf pine ecosystem
once covered approximately 60 to 92 million acres
of the south. Today, fewer than 3 to 5 million acres
remain, as the result of logging and changes due
to fire suppression. Lightning fires helped to prevent hardwood invasion and fuel buildup in these
pine woodlands. Today prescribed burning has
replaced lightning fires on many lands. However,
most prescribed fires are set in winter, when fire
hazard is low, while naturally occurring lightning
blazes are more common in the summer.
Many wildlife species, including wild turkey, bobwhite quail, white-tailed deer, the gopher tortoise,
and the endangered red-cockaded woodpecker,
benefit from fire in these ecosystems, for fire creates habitat and food critical to their survival.

In many cases, prescribed burning is
the only practical choice. Few, if any,
alternative treatments have been
developed that can compete with fire
from the standpoint of effectiveness
and cost.
—A Guide for Prescribed Fire in Southern
Forests, U.S. Forest Service publication, 1989
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CALIFORNIA
Bliss State Park, Lake Tahoe

Old, large pines such as the ones in this photograph are now rare in the Lake Tahoe Basin.
Before the 1848 gold rush to California, big pines
dominated the shoreline of the lake, and fires,
when they occurred, often were “light,” low-intensity blazes. With the advent of the mining era,
most of the larger pines were cut for firewood,
mine timbers, and houses associated with the mining boom. In particular, the Tahoe Basin served as
the major wood source for mining communities
such as Nevada’s Virginia City.
Historically, more than half of the trees in the
Tahoe Basin would have been old growth, while
today less than 5 percent are considered old trees.
The Jeffrey, sugar, and ponderosa pines that grow
in the basin may take 300 to 400 years to attain
full old-growth dimensions, and there has not
been enough time for these trees to be restored.
Big pines are the most fire-resistant trees in the
forests, but they have largely been replaced by
thickets of smaller pines and white fir, the latter
forming a dense understory that can “ladder”
flames into the canopy of the pines.
In particular, white fir has increased substantially above its historic levels. Fir is less droughttolerant and more prone to disease than pine.
Today, 20 to 25 percent of the white firs in the
Tahoe Basin are dead or dying as a consequence
of drought-induced stress, setting the stage for
major fires.
Conflict between fire and humans in the basin is
almost inevitable because of the many homes and
cottages constructed in this forested landscape.
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ALASKA

Kennicott River, Wrangell–St. Elias
National Park and Preserve
The interior and northern parts of Alaska are
dominated by boreal forests of spruce, aspen, and
birch. Wildfire has been part of these boreal forests
for thousands of years, and there are few parts of
Alaska’s interior, other than large islands on lakes
and rivers, that do not burn on occasion. On average, Alaska’s boreal forests burn once every 200
years. In a typical year, approximately 200 fires
are started by lightning, and another 400 by
human ignitions. However, lightning strikes are
responsible for 90 percent of the acreage burned.
Lightning fires tend to be far from human settlement, in remote areas where fire suppression is less
effective or even undesirable.
After a fire, a series of changes are set in motion
that last from 50 to 200 years, creating a mosaic
of age classes and distribution of the various tree
and shrub species. Birch and aspen (the deciduous trees in this photograph) are successional to
fires — that is, they are among the first species
to grow on a burn site. Their light seeds are carried on the wind, require lots of sun for rapid
growth, and germinate on the bare soil exposed
by a blaze. These fire-adapted species invade
burn sites rapidly and dominate for 50 to 100
years before conifers like white spruce become
established and begin to shade out the shorter
deciduous trees.
Many Alaskan wildlife species benefit from fire,
including moose, bear, lynx, and weasel. The
small shrubs (“browse”) that quickly cover a
burn site are relished by moose. Lynx are favored
by fire because their major prey, the snowshoe
hare, is also favored by the browse and young
trees that recolonize a burn site. Blueberries and
other fruits eaten by bears are also more abundant after a blaze.
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IDAHO

Frank Church–River of No Return
Wilderness, Salmon National Forest
The great conservationist Aldo Leopold wrote, “A
science of land health needs, first of all, a base
datum of normality, a picture of how healthy land
maintains itself as an organism. We have two
available norms. One is found where land physiology remains largely normal despite centuries of
human occupation. . . . The other and most perfect norm is wilderness.”
In congressionally designated wilderness areas
such as Idaho’s Frank Church–River of No Return
Wilderness, wildfires are usually permitted to burn
without immediate suppression. Furthermore,
since logging is prohibited in wilderness areas,
large fire-resistant trees, like the ponderosa pines
in this photograph, remain. Finally, the absence
of livestock grazing in most wilderness areas
means that native grasslands are also intact, helping to inhibit, through competition for water and
nutrients, the establishment of tree seedlings.
Dense stands are more vulnerable to drought.
Stressed by drought such trees are often attacked
by insects and die, piling huge amounts of fuels
that can lead to larger blazes. Dense stands also
allow a fire to jump from the surface of the ground
into the tree canopy via the branches of smaller,
crowded trees.
Studies have shown that designated wilderness
areas have, on the whole, ecologically intact ecosystems. Because wilderness areas are less impacted by past and present mismanagement, they have
greater resilience and ecological stability, and thus
recover more rapidly from disturbances such as
fire. One of the best ways to improve the health of
forests and other native ecosystems is therefore
not to log, graze, or otherwise exploit them, but to
designate more wilderness areas and to protect
existing roadless areas, thus allowing ecological
processes such as fire to rejuvenate as much of the
landscape as possible.
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IDAHO

Middle Fork, Salmon River,
Frank Church–River of No Return
Wilderness, Challis National Forest
Ponderosa pine thrives in sites that experience
hot, dry summers and receive less than 20 inches
of precipitation a year, such as the canyons of
Idaho’s Salmon River. Mature ponderosa pines, as
seen in this photograph, have very thick bark that
resists burning during low-intensity fires. Pieces
of the bark actually pop off when heated, so the
tree continuously sheds its scales before fire can
burn into the tree. These trees can sustain scorching of up to 90 percent of their crowns and still
survive a blaze. No other conifer in the Northern
Rockies is as fire-resistant.
Many ponderosa pine ecosystems, however, have
been altered by fire suppression, which has promoted the ingrowth of large numbers of young
trees and, subsequently, denser stands.
Ponderosa pine ecosystems have been affected
more than others because of inherent characteristics that make it easier to control wildfires. For
instance, forested mountain uplands tend to have
a short fire season owing to climatic conditions
such as long winters with snow. Most natural ignitions occur in the summer months from lightning accompanied by thunderstorms. Often the
storms create precipitation that quenches any
resulting fire, or at least dampens fuels and slows
the spread of a blaze. In addition, under natural
conditions, fires burn mostly through pine needles and small branches, fuels that do not typically produce long flames.
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WYOMING

Blacktail Butte, Grand Teton National Park
Lightning ignited a fire on August 10, 2003, on
Blacktail Butte, seen in the background of the
photograph. Though the Blacktail Fire was fought
immediately, it was not easily contained. Fueled
by low humidity, dry, erratic winds, and high temperatures, the fire burned 2,600 acres before it
was controlled a week later.
Fires in sagebrush and grasslands are actually
quite common in western states. In some years,
more acres of so-called “forest fires” are actually
range fires — that is, the blazes burn primarily grasslands or rangelands. Fires seldom harm
perennial grasses, such as those seen in this photograph. Heat from the burn rarely penetrates
very deep into the soil, and most grasses can grow
back from their roots. Grasslands thus revegetate
rapidly after a blaze, as shown by the lush grasslands visible in this photograph, taken exactly
one year after the 2003 blaze.
Sagebrush is more susceptible to fire. In this
instance, the sagebrush is big sagebrush (Artemisia tridentata). Although some sagebrush species
can sprout from their roots after a blaze, big sagebrush cannot. Because it must recolonize a burn
site by seed, it takes years, often decades, for this
species to recover to its prefire density.

For the first time, the Forestry Division
hired crews to suppress a wildfire in the
Jackson Hole area. A heavy snowfall
finally extinguished the fire in the fall,
although a telegram to Washington
reported, “Through our heroic efforts
the fire has been put out.”
— Grand Teton human resources study, 2004
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WYOMING

Norris Geyser Basin,
Yellowstone National Park
Lodgepole pine in Yellowstone National Park
tends to grow in even-aged stands that recolonize
a site after a blaze. You could almost say that
lodgepole pine depends on fire to maintain its ecological dominance of a site. In the absence of fire,
subalpine fir gradually outcompetes and shades
out the sun-loving pine. The pines seen in this
photograph were established after the 1988 Yellowstone fires burned across the park.
Lodgepole pine is very susceptible to fire. Its thin
bark provides little protection against heat. Yet the
tree also has many adaptations that allow it to
effectively compete with other tree species after a
blaze. First, many (though not all) lodgepole pine
trees have serotinous cones—that is, they remain
closed on the tree until opened by heating, whereupon they release their seeds. Lodgepole pine
seedlings thrive in the full sunlight and bare mineral soil that are the aftermath of a fire, so within
a few years of a blaze, most sites are covered in a
dense cloak of new trees, as seen here.
Lodgepole pine has additional adaptations that
permit it to thrive with fire. The young trees are
“precocious” and can begin producing viable
cones in 5 to10 years, while many other conifers
require as much as 50 to 70 years of growth before they can produce cones. Lodgepole pine also
grows rapidly, soon towering over any other competing tree species in the race for light.
In the absence of fire, older stands of lodgepole
pine often become targets of pine beetle attacks.
The beetles kill many of the trees, creating down
and dead fuels that will carry a blaze. In a sense,
the beetle helps to maintain lodgepole pine—its
food source — by increasing the chances that a
stand-replacement blaze will burn the area.
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MONTANA

Siamese Lake, Bitterroot Mountains,
Lolo National Forest
In 1910, wildfires burned more than 3 million
acres in the northern Rockies, including much of
the northern Bitterroot Mountains. The area seen
here on the Montana-Idaho border was part of
that large fire. Today it is a serene setting that
draws hikers and backpackers to experience its
natural beauty—a beauty created by wildfire. The
Great Burn Area, as it is known today, is so magnificent that it has been proposed for designation
as a national wilderness area.
The 1910 fires burned across a landscape where
there had been no effective fire suppression,
demonstrating that not all large blazes are a consequence of fire suppression, and that other factors may be involved as well. In particular, the
1910 blazes, like many large fires, were fueled
by a combination of extreme drought and high
winds. Indeed, high winds on August 20, 1910,
droves fires across hundreds of thousands of acres
of Montana and Idaho in a single day.
The 1910 fires, along with several other subsequent large blazes, so traumatized the fledgling
U.S. Forest Service that in the 1930s it implemented a “10 a.m.” policy to suppress all fires by
10 a.m. the morning following their discovery.
This policy was not really effective until after
World War II, when airplanes, helicopters, and
massive machinery such as bulldozers, enabled
firefighters to gain the upper hand in many small
blazes. However, even with this army of equipment, we are still seeing large blazes, often resulting from the same set of conditions that created
the 1910 fires—drought and wind.
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CALIFORNIA

Figueroa Mountain, San Rafael Wilderness,
Los Padres National Forest
California probably has more fire-dependent
landscapes than any other state in the nation.
Many of its plant communities depend on fire
to maintain their ecological dominance as well
as their ecological health. Southern California’s
plant communities are particularly dominated by
fire because of the ever-present Santa Ana winds
that blow hot air from the interior deserts out
toward the sea each year. The Santa Anas almost
ensure that the region’s shrublands and forests
will burn frequently.
Fire suppression in the upland forests, however,
has altered their historic fire regime. Without periodic fire, the forests become densely stocked with
too many trees for the nutrients and water available, and the trees become weakened by intense
competition. Nature thins these overstocked and
weakened forests by beetle attack and/or fire.
This continual “pruning” of the landscape by fire
has created the inspiring beauty of places like the
San Rafael Wilderness near Santa Barbara, pictured here. To eliminate fire from these mountains
is to eliminate the artist’s palette that provides the
colors and texture of the landscape.
Much of the San Rafael Mountains is cloaked in
chaparral, which burns intensely, often completely charring the vegetation. These mountains also
have many conifers that are adapted to periodic blazes. For instance, the bigcone Douglas-fir,
Coulter pine, Jeffrey pine, and ponderosa pine
found here have thick bark that insulates the
growth-producing cambium layer from the heat
of light ground fires. In addition, bigcone Douglasfir is one of the few conifers capable of sprouting
from its trunk after fire. Branch buds protected by
the fir’s thick bark are released after a fire stimulates cell division and growth.
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ALASKA

Alaska Range, Denali National Park
Although the media concentrate on fires in the
lower 48 states, in most years the largest U.S. fires
are in Alaska. In 2004, for instance, more than
6.7 million acres burned in the state. The Alaska
Range blocks the flow of moisture from the Gulf
of Alaska, thus creating dry continental conditions
on the north slope of the range. Like the rest of the
“interior” (north of the Alaska Range), Denali’s
plant communities are dominated by periodic fire,
including the tundra plant community seen here.
Though most people do not think of tundra as
something that burns, especially if they are walking across its often-soggy surface, tundra fires can
burn large acreages.
Most Alaskan tundra fires begin in May, June, and
early July, when grasses and shrubs are dry. In
very droughty years, fires will burn into August.
These late-summer fires tend to be slower burning
and to consume more of the soil’s organic material. One effect of tundra fires is “slumping,” due to
the melting of the underlying permafrost after
the insulating vegetation is removed by the blaze.
It takes approximately 70 years for the permafrost to “recover” and build to its prefire levels.
Some scientists speculate that global warming, in
combination with fires, could dramatically alter
tundra ecosystems in Alaska by permanently
melting the permafrost.
Regeneration of plant communities after tundra
fires is usually rapid. Fire removes the grassy parts
of cottongrass and other vegetation, but these
plants resprout from the roots the next growing season. Some shallow-rooted species such as
crowberry and lowbush cranberry can be killed by
severe, deep-burning fires, but even these plants
tolerate light to moderate burns. Black spruce, a
tree species often found intermixed with tundra
communities, has semiserotinous cones that are
opened by the heat of a fire, thus ensuring their
successful regeneration after a blaze.
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CALIFORNIA
Above Tenaya Lake,
Yosemite National Park

The forests of the Sierra Nevada of California are
among the most diverse in the United States.
Because of the Mediterranean climate, with winter
moisture and nearly waterless summers, along
with abundant sources of lightning, the Sierra
Nevada forest communities burn frequently. Most
are highly dependent on fire for maintaining
health and vitality.
At the highest elevations in this range, bare
granitic rock, as seen in this image, is so common
that fires cannot burn very far before they run into
a rocky firebreak. These natural firebreaks limit
the amount of landscape burned at elevations
above 8,000–9,000 feet in the Yosemite area. The
limited influence of fire in this rocky zone may be
responsible for genetic alterations in some tree
species. For instance, in places like Yellowstone,
where large stand-replacement fires are common,
lodgepole pine typically has serotinous cones that
require heat to release their seeds. However, cone
serotiny in lodgepole pine in the Sierra Nevada is
relatively uncommon. Here lodgepole persists by
colonizing sites where toppled trees have created a
gap in the canopy and exposed bare mineral soil.

By forces seemingly antagonistic and
destructive Nature accomplishes her
beneficent designs—now a flood of fire,
now a flood of ice, now a flood of water;
and again in the fullness of time an
outburst of organic life.
—John Muir
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UTAH

La Sal Mountains,
Manti–La Sal National Forest
Utah, along with nearby Colorado, has the greatest acreage of aspen in the West. Aspen adds much
to the landscape, creating wonderful autumn displays of color and providing some of the most productive wildlife habitat in the region. At one time,
more than 2 million acres of Utah were cloaked in
aspen. Today, some estimate that aspen may have
declined more than 60 percent in the state.
Aspen groves are normally quite moist and do not
burn readily. However, aspen also has thin bark
and is vulnerable to blazes when fire does manage
to penetrate a grove. Nearly all of the aspen groves
found in the West are dependent on disturbance
—primarily fire—for their continued existence.
Without fire, conifers will frequently invade, as
seen in this image, and will eventually shade out
the sun-loving aspen.
Because of fire suppression, most aspen groves
across the West are in decline. Overgrazing by cattle and sheep has also contributed to aspen decline
by removing fine fuels that would carry flames,
and through trampling of young aspen. In some
areas, even elk herbivory has stifled aspen regeneration. With the loss of aspen, the carrying capacity of the land to support many wildlife species, including ruffed grouse, songbirds, deer, elk,
and bear, is seriously compromised.

At a height of about ninety-five hundred
feet we passed through a magnificent
grove of aspens, about a hundred acres
in extent, through which the mellow
sunshine sifted in ravishing splendor,
showing every leaf to be as beautiful in
color as the wing of a butterfly, and
making them tell gloriously against
the evergreens.
—John Muir
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CALIFORNIA
Lava Beds National Monument

Fires are common not only in forested areas, but
also in grasslands and savannahs. Indeed, most
grasslands tend to burn more frequently than
forested areas. Native grasses are adapted to periodic fires. The native bunchgrasses seen in this
photograph can live for 100 years or more since
their belowground roots are seldom harmed by
fire, particularly fires that burn in summer or fall
—the normal fire season—when grasses are dormant. With the coming of spring, these grasses
send out new shoots. The juniper in this photograph, however, is less resistant to fire. Without
fire, juniper tends to invade grasslands.
Between the 1920s and the early 1970s, nearly
all fires in Lava Beds National Monument were
suppressed. In addition, the area was grazed by
livestock, thereby reducing fine fuels that might
have carried blazes. However, in 1976, livestock
grazing in the monument was terminated, and
the grass plants here are now robust and abundant, helping to ensure sufficient fuel to carry a
blaze in dry years.
The restoration of fire to the monument has also
aided the regeneration of ponderosa pine, which
requires bare mineral soil for successful seed germination. Fire also burns away older shrubs like
bitterbrush, an important forage for deer. However, older bitterbrush is poor forage, so occasional blazes help to create a mosaic of multiaged
stands of bitterbrush that provide food for deer
and other wildlife.
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WYOMING

Gallatin Range, Yellowstone National Park
Fires tend to create mosaics of burned and unburned forests, as seen in this photograph. When
the media report that so many acres burned in a
fire, they are referring to the acreage contained
within the outer perimeter of the blaze, not the
actual acreage of charred trees. As a consequence
of this practice, many people imagine that fires
create nothing but miles and miles of blackened
terrain. Such situations are extremely rare.
Instead, the mosaic from past fires tends to shape
the mosaic of subsequent fires. Recently burned
areas tend to be relatively fireproof for years after
a blaze. When a fire approaches one of these previously burned areas, the blaze will often go out,
or skip around the island of younger trees. These
trees now grow old, and as they die they become
the source of fuel for future blazes. The diversity
of age classes and species thus created by fire adds
to the plant and wildlife variety of the area.
Contrary to what one might think, research on
fire mosaics in Yellowstone after the 1988 blazes
found that severely burned areas had higher cover
and density of lodgepole pine seedlings than lightly burned areas. Larger patch sizes had a higher
cover and density of tree seedlings than smaller
patches. Finally, succession appeared to be moving toward reestablishment of plant communities
similar to those of the preburn landscape. Such
findings demonstrate that the large blazes that
raged across Yellowstone in 1988 did not have a
significant negative effect on plant communities.
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NEVADA

Wheeler Peak, Great Basin National Park
Aspen is one of the most common tree species in
the Great Basin region, which includes much
of Nevada. It is thought that nearly all existing
stands of aspen were established shortly after
the last ice age, when glaciers retreated and climatic conditions were moister than at present.
Aspen have persisted since then by “suckering”—
that is, by sprouting new trees from an existing
root system. Disturbances such as fire can stimulate growth of root suckers that will regenerate
the stand.
As a consequence of suckering, western aspen
groves tend to grow in genetically related clones,
a fact obvious when a portion of a hillside dominated by aspen changes to gold while the rest of
the aspen are still green. Some clones are huge.
One aspen clone in Utah spread over 117 acres
and contained 47,000 individual stems. Despite
its apparent success, aspen is in decline across
much of its range, in large part because of fire
suppression.
In many parts of the Great Basin, livestock grazing has exacerbated poor aspen regeneration in
two ways. First, livestock remove the fine fuels
such as grasses and dried flowers that can carry a
fire through an aspen stand. Even after fires,
young aspen suckers (new tree stems) are often
eaten by cattle. Fortunately, livestock grazing no
longer occurs in Great Basin National Park, and
park policies that promote fire should ensure that
beautiful autumn aspen displays, as seen in this
photograph, will continue into the future.
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OREGON

Mayer State Park, Columbia River Gorge
Oregon white oak woodlands, seen in this photograph, are among the most important wildlife
habitats in the Pacific Northwest, used by more
than 200 species of mammals, birds, reptiles, and
amphibians.
Some moths, butterflies, gall wasps, and spiders
are restricted to oak woodlands. The Nashville
warbler, as well as other neotropical bird species,
has higher breeding success in oak woodlands than
in other habitats, and oak woodlands may play a
critical role in the long-term health of neotropical migrant bird species. Acorn woodpeckers are
dependent exclusively on oak woodlands for their
survival. Acorns are used by 45 other species as
well, including bears, wild turkeys, scrub jays,
band-tailed pigeons, and western gray squirrels.
Today oak woodlands are in critical decline because of fire suppression and because of the direct
and indirect effects of livestock grazing. Oak
thrives where there are periodic fires, but fire suppression has led to a decline in oak woodlands and
their dominance of the landscape. Periodic fire
prevents conifer encroachment and competition;
it also stimulates oak regeneration since many
oaks, including the Oregon white oak, sprout from
underground rootstock if the aboveground bole is
killed by fire. In addition, the Oregon white oak
has thick bark that protects it from light burns.
Grazing compacts soils and creates bare soil favorable for conifer establishment. (Hooves compact soil in the upper soil layers — those most
used by grasses—thus reducing water availability
in these top layers; deep-rooted trees are less
affected because they use deeper water sources.)
Heavy grazing, which removes the understory of
grasses and other burnable shrubs, also reduces
fire frequency, thus favoring survival of conifers
over oak. Finally, cattle will eat oak sprouts, so
that even when a fire does stimulate oak sprouting and reproduction, grazing can eliminate all or
most regeneration.
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OREGON

Wilson River, Tillamook State Forest,
Coast Range
Under extreme drought, even old-growth rainforest will burn. Beginning in 1933, a series of four
large blazes roared across the temperate rainforest
that cloaks the Oregon Coast Range, burning more
than 355,000 acres. Indeed, most of the Douglasfir that makes up the Coast Range depends on fire
to regenerate itself. Fires, however, may only occasionally burn in the region, often at intervals of
400 to 500 years.
The first of the Tillamook burns occurred in 1933,
when a logging operation started a blaze that
eventually spread over 240,000 acres before being extinguished by rain. The next large fire, in
1939, was started by loggers and burned nearly
190,000 acres. The third blaze, in 1945, burned
180,000 acres, including along the Wilson River,
seen in the photograph. The final Tillamook fire,
in 1952, burned only 32,000 acres. Many of the
same areas burned in one fire were reburned in
following fires.
Ironically, because of the fires, the Tillamook Forest was spared the heavy logging and roading and
removal of woody debris (tree boles), important
for fish habitat, that have devastated most of
Oregon’s coastal forests in recent years. As a consequence, the salmon runs that spawn in the forest rivers are among the most productive on the
entire west coast south of Alaska.
Unfortunately, this situation may not last. Logging interests want to cut down the forest’s regenerated woodlands. Citizen groups in Oregon,
however, are proposing that the Tillamook State
Forest, along with nearby Clatsop State Forest, be
incorporated into a giant state park. Lying just
west of Portland, the area’s value is much higher
for its recreational potential, its ability to produce
clean water, and its salmon-steelhead runs than
any amount of timber it could yield.
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MONTANA

North Fork of the Flathead River Valley,
Glacier National Park
Seen in this photo is forest regrowth after the Red
Bench Fire on the North Fork of the Flathead
River. The North Fork, on the border of Glacier
National Park, is one of the last strongholds for
bull trout and westslope cutthroat trout—the former being listed and the latter being proposed for
listing under the Endangered Species Act. A combination of factors—including habitat changes
induced by logging, overharvest of large spawning
fish by anglers, and encroachment by introduced
trout in the lower parts of the Flathead drainage
—has led to a severe decline in both bull and cutthroat trout.
Making recovery of these fish more difficult is the
fact that the Flathead River is naturally a particularly nutrient-poor environment. However, after
the Red Bench Fire burned more than 40,000
acres in the North Fork of the Flathead drainage
in 1988, aerial deposition of phosphorus and
nitrogen from smoke and ash increased 5- to 60fold over background levels. These nutrient levels
were highest during and immediately following
the fire but continued for years, especially after
spring runoff washed nutrients into waterways.
The enriched nutrient environment contributed to
a significant increase in stream macroinvertebrates such as aquatic insects, and likely promotes
greater fish production. Indeed, one of the suspected benefits of wildfire is the periodic release of
nutrients and subsequent enrichment of nutrientpoor aquatic ecosystems, with benefits for fish and
other aquatic life.
The North Fork Valley also hosts one of the densest grizzly bear populations in the lower 48 states.
Fires stimulate the growth of huckleberries, an
important food resource for these bears, so another anticipated consequence of the Red Bench Fire,
and the more recent Moose and Roberts fires, is
increased food opportunities for the grizzly.
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UTAH

Split Mountain,
Dinosaur National Monument
Fire often kills the thin-barked juniper, and
all subsequent regeneration comes from seed.
Although mature juniper with thicker bark can
survive blazes, decades are usually needed for the
trees to achieve some fire resistance. Given that
wildfire was formerly rather frequent on many
western rangelands, blazes favored grass at the
expense of trees. Juniper were largely confined to
fire-free zones like rocky cliffs.
There is much debate about the mean fire return
interval in juniper woodlands, with some researchers suggesting a fire frequency of 5 to 15 years and
others putting the interval as high as 50 to 80
years. Nearly everyone agrees that suppression
and grazing have likely lengthened the fire-free
period. However, one study of juniper fire history
at Mesa Verde National Park found the interval
between blazes to be 400 years—demonstrating
that generalizations about fire history must be
tempered with local knowledge.
Fire suppression, along with livestock grazing, has
led to a reduction in fires, permitting what some
researchers feel is an encroachment of juniper into
many parts of the West. Today, as seen in this photo, juniper is now often found in valley bottoms,
where the species was once uncommon. As juniper
increases, grass cover and other light fuels are
reduced, changing fire frequency.
One cautionary note is necessary: Fire suppression is not responsible for the shift in juniper
everywhere. In some cases, changes in climatic
conditions may be the major agent responsible for
the changing densities and occurrence of juniper.
It is also possible that the shift in juniper is simply part of a continuing range expansion of the
species or a shift in its geographical distribution
that may have been underway long before EuroAmericans ventured into the West, bringing livestock and fire suppression.
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SOUTH DAKOTA

French Creek, Custer State Park, Black Hills
Photographs of the Black Hills taken during General George Custer’s 1874 expedition show a
landscape with a more open, parklike appearance
than exists today. Ponderosa pine stands were less
dense and tended to be dominated by a few large
trees. Although the fire return interval for ponderosa pine was longer in the Black Hills than for
ponderosa sites in the Southwest and elsewhere,
fire was still a dominant natural force in shaping
the Black Hills landscape. One study found an
average interval of 20 to 30 years between blazes,
although longer fire-free periods of up to 80 years
have been identified as well, with occasional
stand-replacement fires.
Ponderosa pine establishment in the Black Hills
appears to have occurred in pulses of even-aged
trees coinciding with wet periods in the northern
Great Plains. These periods of greater moisture
resulted in greater tree survival as well as longer
fire-free periods.
Today, fire suppression in the Black Hills has led
to an increase in ponderosa pine at the expense of
other important species. Grasslands, vital habitat
for elk and bison, have shrunk. Paper birch and
bur oak, pictured here, have declined as ponderosa pine has encroached on their environment.
Without fire, the white-barked paper birch, and
the oak with its staple wildlife crop of acorns, may
disappear from these mountains.
The negative effects of fire suppression have been
exacerbated by livestock grazing, which removes
fine fuels like dried grass, as well as logging, which
removes the larger pine trees—exactly those most
resistant to fire. Increasing rural subdivision on
private lands in the Black Hills has also aggravated the hazard posed by any fire.
As with many western landscapes, the beauty of
this area is a direct consequence of past fires and
ongoing renewal by current wildfires.
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WYOMING

Upper Geyser Basin,
Yellowstone National Park
Bison trudge through deep snow in Yellowstone’s
Upper Geyser Basin, past burned trees from the
1988 blazes. Winter is a time of stress for most of
Yellowstone’s larger herbivores because grasses
and other forage are hidden beneath snow. The
loss of forage in the 1988 fires, and the decline in
overall grass production as a result of that summer’s drought, contributed to a die-off of bison
and elk the following winter. The abundance of
dead animals, however, proved to be a windfall for
scavengers like the grizzly bear.
Nevertheless, bison as well as other herbivores
benefited in the long run from the fires through
an increase in available habitat. Fires enriched
the meadows with ash and burned away dead
grass materials, stimulating production of lush
new forage. Studies elsewhere have shown that
bison will selectively forage on burned sites. Prior
to fire suppression, the shifting mosaic of burned
areas that occurred under natural conditions,
particularly on the Great Plains, contributed to
the migratory behavior of bison herds, which
sought out the fresh and nutritious new growth
created by wildfire.
The Yellowstone fires benefited bison and other
herbivores in other ways as well. In the absence of
shading from conifers, grass growth in burned
areas increased, providing additional forage, and
conifer encroachment on prime foraging areas in
meadows was halted and reversed.

In these natural laboratories one needs
stout faith to feel at ease.
—John Muir
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COLORADO

Front Range, Moraine Park,
Rocky Mountain National Park
Ponderosa pine, seen in this photograph, is one
of the most abundant species in Colorado’s Front
Range and may be found up to elevations of
9,000 feet. Old-growth ponderosa pine may live
for 500 to 600 years, but trees more than 200
years old are not abundant here because of early
logging. Historically, at lower elevations, fire
maintained open stands of ponderosa that were
largely fire-resistant.
Generalizations about the historic fire frequency
in various ponderosa pine ecosystems, even for
those in the same basic geographical location,
must be made with caution. In the Southwest,
ponderosa pine appears to have experienced surface fires at relatively frequent intervals of 3 to 10
years. In the Front Range, the interval is 10 to 20
years, with larger fires every 30 to 60 years. At
higher elevations, where ponderosa pine is intermixed with lodgepole pine or Douglas-fir, mixedseverity fires, including stand-replacement blazes,
at intervals of 50 years or more seem to have
been the norm. One study of ponderosa pine fire
ecology in Rocky Mountain National Park found
that six out of nine plots had histories of standreplacement blazes.
The alteration of wet and dry periods is strongly
linked to El Niño–Southern Oscillation events,
which in turn control fire events. Historically, two
to four years of wetter than average springs have
tended to increase the production of fine fuels like
grasses, leading to widespread fires in drier years.
According to a recent State of Colorado report, 75
percent of all high-risk wildland-urban-interface
landscapes are within ponderosa pine ecosystems.
Given the near-certainty of fire in these ecosystems, allowing house construction within them is
to play a game of Russian roulette with nature—
with homeowners and the taxpayers who are paying for fire suppression the big losers.
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ARIZONA

Kaibab Plateau,
Grand Canyon National Park
In this photo we see the effects of fire suppression.
There are relict large old-growth ponderosa pines,
but mixed in with them are dense stands of young
white fir and ponderosa pine that have grown up
in the era of fire suppression and that form excellent fuel ladders.
Prior to European incursion into the region, periodic fires maintained the balance between the
shrubs and grasses composing the forest understory and the mature, large ponderosa pines that
made up most of the canopy. With fire suppression
and livestock grazing, however, came a shift in
tree density.
Grazing released the pines from competition with
grasses, allowing the stand density of young trees
to increase, thus making any subsequent blazes
more likely to kill the mature trees. Indeed, three
studies in Arizona found that 90 percent of the
trees in southwestern ponderosa pine forests were
12 inches or smaller in diameter at breast height.
To counter this trend, some advocate widespread
thinning of trees through logging. In many areas
of the country, thinning of small-diameter trees
(under 10 inches at breast height), along with
clearing of brush, will reduce the likelihood of
larger blazes as well as competition between
mature pines and other trees for nutrients and
water, thus making the mature pines better able
to cope with stress induced by drought or insects.
However, unless many of the causative factors
that have led to greater tree density—including
livestock grazing and fire suppression—are terminated, such thinning will have very shortterm benefits.
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WYOMING

Keyhole State Park, Black Hills
In the past, fires helped to maintain open, parklike stands of ponderosa pine in many parts of
the West. Today, open ponderosa pine forests like
the one seen in this photograph are rare. Because
of the effects of fire suppression, logging, and
livestock grazing, dense stands of small trees
have often replaced formerly lightly stocked
forests. In some instances, such thickets have
fueled large stand-replacement fires, prompting
many to propose thinning—including the logging
of larger trees —as a prescription necessary to
treat the forests.
In some landscapes, particularly in areas close to
communities and structures, forest thinning may
be the best management prescription. However,
although ecological restoration and fire mitigation
are urgently needed in some dry ponderosa pine
forests where previous research supports this management action, prudence should be exercised
before applying thinning and logging as a solution
uncritically across all Rocky Mountain forests. In
many ecosystems, stand-replacement fires — in
which most of the vegetation is killed—are both
the norm and ecologically desirable, not something to be suppressed or prevented. Restoration
of fire is the only real option for ecosystem recovery in the long run.
Fire is nature’s knife, and sculpts the landscapes
of the West.

We need to accept that in many areas
throughout the region, past forest
management may have set the stage
for fires larger and more intense than
have occurred in at least the last few
hundred years.
—R. L. Beschta et al.,
“Wildfire and Salvage Logging,” 1995
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INTRODUCTION
Vested Interests as Purveyors of Forest Health

T

he old quip “follow the money” applies to fire policy as much as to
anything else. Not surprisingly, exploitative industries like timber and
livestock try to define fire issues in such a way that their interests—
logging or grazing—become the “solution” to problems they have largely
helped to define. Arguing that they can “regenerate” forests after a burn, timber interests lobby for widespread salvage logging, while the livestock industry fosters a perspective that grazing can reduce or prevent wildfires. In many
cases there is no problem that needs fixing, and even if in some places there is
a problem, the proposed cure may be worse than the disease. All commercial
exploitation solutions have many unintended ecological consequences—consequences that may not immediately be apparent, and that certainly are not
readily revealed by these industries, which are intent on duping the public
into accepting more commercial exploitation of our forests and rangelands.

A fundamental assumption held by many resource industry representatives is
that all fires are harmful, and that all big fires are especially harmful. In the
first essay in this section, I question this assumption and in particular argues
that even large blazes are not always “catastrophic,” as often portrayed, but
rather fill an important and natural role in fire regimes throughout the West.
Depending on the circumstances and location, large blazes may be completely
within the natural range of variability for a site.
I also consider a second flawed assumption—the notion that cutting trees is a
benign means of reducing fuels. Timber industry proponents promote logging forests to reduce stand density, fuel buildup, and insect and disease
occurrence—suggesting that logging is a viable alternative to fire. There are,
however, significant ecological differences between fire and logging, as well
as unintended costs that can cause significant long-term ecological harm,
such as the introduction of weeds or tree pathogens into sites by logging operations. To adopt a program of widespread forest thinning across the landscape is fraught with unknown and unintended consequences.

Ironically, many of these industries have had a major role in degrading the
ecological health of our public lands to start with. We have, in a sense, a
national “unhealthy” public lands policy that includes fire suppression, logging, livestock grazing, and disease and insect control. By trying to control or
eliminate natural processes such as fire, windstorms, insect infestation, disease, or drought, we ultimately create conditions that lead to greater susceptibility to these very same elements. Nature acts to balance resource supply with
demand by removing and naturally thinning dense stands of trees and shrubs.

As dubious as widespread logging across the landscape in the name of forest
health is, salvage logging—the cutting of burnt trees after a blaze, in the
name of forest regeneration and health—is a totally bankrupt concept. Conservation biologist James Strittholt explains why large-scale salvage logging,
such as that proposed for the Biscuit Fire recovery project in Oregon, has
serious ecological consequences that are frequently brushed aside in the haste
to get the trees out of the woods.

During the recent extensive severe drought in the Southwest, for instance,
huge swaths of juniper and ponderosa pine died as a result of water stress
and insect attack. In northern Idaho and western Montana, fire suppression,
which resulted in dense stands of Douglas-fir, enabled mistletoe, a parasitic
plant, to colonize and kill mature trees. From an ecological perspective, these
diseases and infestations are part of nature’s way of restoring healthy forest
ecosystems and are not a forest health problem, as often portrayed by some
federal and state agencies as well as timber and grazing industry proponents. Whether thinned by fire, disease, or insects, the resulting forest is
healthier as a consequence.

Forest ecologist Chris Maser describes in detail the intertwined relationships of the forest ecosystem, showing why dead and dying trees are essential for the recovery of the forest and the long-term ecological stability of
the entire ecosystem.
Finally, I examine how livestock grazing has altered fire regimes throughout
the West and why the use of livestock grazing for fire suppression is a questionable “solution” to ill-perceived problems.
Before any national or even local plan for “forest health” is adopted, it would
be wise to see if the proposal will really lead to “healthy” forests or just to
healthy bank accounts for extractive industries. In far too many instances, the
second consequence is the usual outcome.

174–175: Biscuit Fire salvage sale, Siskiyou National Forest,
Oregon. This controversial postfire salvage sale is one of the
largest timber sales in Forest Service history.
Opposite: Revegetation of Bunchgrass Ridge 13 years after
the Warner Creek Fire, Willamette National Forest, Oregon.
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LOGGING AND WILDFIRE
Ecological Differences and the Need to Preserve Large Fires
George Wuerthner

Though many may perceive there to be no difference between a tree killed by a fire or
a tree killed by a chain saw as part of a logging operation, there are vast ecological differences.
Furthermore, logging based on the presumption that reduction in fuels will reduce
or eliminate large blazes is based on flawed premises. We need big fires.

A

cross many landscapes, intensive timber cutting has replaced fire in
ecological significance, but not in ecological effect. Because of some
commonalities between effects of logging and fire, many people
assume that logging emulates natural disturbances like wildfire. There are,
however, substantial ecological differences between logging and wildfire.

makeup of the forest, which in turn affects the biological and chemical regimes
of the ecosystem. Fire affects both forest structure and ecosystem processes.
Tree density per acre, average tree age, species composition of the forest, and
related factors can be considered the fire-influenced structural components of
a forest. Ecosystem processes have more to do with ecosystem energy flow and
maintenance of diversity. Process affects variables such as nutrient cycling,
randomness and patchiness of fire events, and the multiple ways in which a
fire can burn—whether as intense stand-replacement conflagrations or as
light, “cool” ground-creeping burns.

A second assumption, inherent in many assertions made by timber industry
proponents, is that logging can reduce large blazes. As a corollary to this
assumption, most proponents of fire control believe suppression of large blazes
is desirable. Such assertions are self-serving and play on ecological ignorance
and nuances in the ecological literature to create what appears on first review
to be a plausible argument in favor of logging—an argument, however, that
ignores many ecological realities.

Superficially, logging and wildfire have some gross similarities. Seeds of many
western tree species germinate best on bare mineral soil, an outcome of
both logging and wildfire. Both remove the trees, exposing the soil to sunshine
and allowing sun-tolerant species like Douglas-fir and lodgepole pine to
reestablish themselves. Cosmetically, clearcutting shares some similarities
with stand-replacement fire, and selective logging may appear comparable to
low-intensity burns that kill only an occasional tree. However, exposed soil is
just one aspect of the ecological needs of fire-adapted tree species.

Wildfire, whether from natural sources like lightning or a result of human
ignition, has been a major influence on many ecosystems around the world.1
One mapping of presettlement fire patterns found that more than half of the
United States burned on a fire return interval of between 1 and 12 years.2 In
the native plant communities of the western United States, fires have probably played a more critical role in shaping ecosystems than any other disturbance factor. However, as a result of human activities—including logging,
road building, fire suppression, and livestock grazing—the ecological influence of fires has been significantly altered from historic regimes.

Although much more research is needed comparing the impacts of fire
and logging on forest ecosystems, a comprehensive overview by Canadian
Forest Service fire researcher Douglas McRae and other studies that have
looked at various parts of this issue suggest substantial ecological differences
between their effects.3

How a tree dies and is ultimately utilized is critically important to the longterm health of a forest. A tree removed by logging has a different effect on
soils, watersheds, wildlife habitat, and, ultimately, biodiversity than one killed
by fire and left on-site. The manner of a tree’s death affects the structural

Fire differs from logging in many ways. For one, fires vary in intensity and
thus create many small, and occasionally very large, burn patches in a mosaic pattern that shifts across time as the vegetation experiences regrowth and
reburns.4 For instance, in Yellowstone National Park, 83 percent of all natural fires are less than 1.2 acres in size, and 94 percent of all natural fires burn
less than 100 acres, but the occasional large blazes—such as those in 1988—
burn hundreds of thousands of acres.5 For this reason, fires tend to have a
landscape-scale diversifying influence. Logging tends to create more evenly
spaced, more evenly sized habitat patches, particularly on sites dominated
by commercial forest species.

Logger undercutting 500-year-old tree, Mount
Baker–Snoqualmie National Forest, Washington.
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Fire alters an ecosystem by chemical processes; logging, by the mechanical
process of tree removal. Fire rapidly cycles nutrients, kills pathogens, and
selectively favors fire-adapted species. Logging leads to the loss of soil nutrients and organic matter 6 and increases soil compaction,7 thereby reducing
water infiltration.8 Fires that are allowed to burn naturally do not create large
road networks. Logging, on the other hand, creates roads that fragment habitat and generally increase human access, both of which affect the use of the
land by wildlife. Moreover, roads and logging equipment can become vectors
for the dispersal of noxious weeds.9 It is widely recognized in the scientific
community that past commercial logging, road building, livestock grazing,
and aggressive firefighting are the sources of many “forest health” problems,
including unnaturally severe wildfires.10

public access. Human activity along roads has been shown to reduce habitat
use by elk for up to half a mile on either side,18 and a study by the Montana
Department of Fish, Wildlife and Parks found that grizzly bears avoid roaded
areas, often for years after timber activities have ceased.19 A severe loss of
suitable habitat may occur even if the amount of land that is directly disturbed is quite small. Increased access for human trappers and hunters also
changes or reduces population structure in species sought, and poaching may
increase. Road closures can mitigate some, but usually not all, of these
impacts. Research has demonstrated that having no road to start with is
better than a closed road.
The physical impact of logging on site topography and soil profile is another
difference between timber harvest and fires. Heavy logging equipment compacts soils.20 Forest Service studies have demonstrated that compaction
inhibits forest regeneration and slows growth of tree seedlings that do manage
to emerge.21 Fires, on the other hand, often provide ideal seedbeds for the
reestablishment of plant cover.

According to the final report of Sierra Nevada Ecosystem Project, an assessment of the entire Sierra Nevada ecoregion requested by Congress and funded
by Congress and the U.S. Forest Service, “Timber harvest, through its effects
on forest structure, local microclimate, and fuels accumulation, has increased
fire severity more than any other recent human activity.” 11

Weed invasion is another problem often associated with timber harvest, particularly because roads serve as vectors for weed dispersal.22 Seeds of spotted
knapweed and many other invasive exotic species are carried on the chassis
of logging trucks to new locations. If logging roads are left open for public
access after a logging operation, other vehicles may also disperse weed seed.
And the disturbed soils along bulldozed roads provide ideal habitat for the
proliferation of weed species.

Impacts Associated with Logging
Logging is more than the removal of trees. It typically involves an extensive
road network, which has a significant and diverse array of impacts on the
land.12 Since most areas are not logged all at one time and are repeatedly cut
over a century, logging has many additional effects, including periodic human
invasion and disturbance from human activities. Soil erosion from logging
roads is a major impact, particularly on aquatic ecosystems. Logging also significantly increases debris slides.13 One northern California study, for example, found that 61 percent of the soil displacement (erosion) on the study site
resulted from logging roads.14

Wildfire mosaics maintain natural curves and lines, while logging introduces
abrupt edges and scars from logging roads and skid trails that take decades to
heal. Edge effects are generally more severe with logging than with fire.
The timing of stand-destroying fires differs substantially from the timing of
stand-destroying clearcuts. In many managed forests, the goal is to eliminate older trees to favor faster-growing younger ones. The loss of old-growth
structural features in a managed forest has many ecological ramifications,
including changes in nutrient flows and storage, and in wildlife habitat
parameters. Though fires do occasionally burn up substantial acreages of
old growth, in many ecosystems the old-growth stands are relatively fireproof except under extreme conditions, such as severe drought. Since standard forestry management practice is to cut trees at or shortly after they
reach peak wood production efficiency, most managed timber stands will
never possess old-growth features.

Structural changes in the forest are obvious effects of logging, particularly
with clearcutting.15 Timber harvest tends to leave few or no snags (standing
dead trees). Even when it does, the usual prescription is only one or two snags
per acre—considerably fewer than needed for cavity-nesting animals. In addition, snags as they rot provide the forest with a long-term nutrient supply;
their removal thus short-circuits nutrient cycling on the site. Even selective
cutting can radically alter forest stand dynamics, since most commercial logging selects for larger-diameter trees—the very individuals that under a natural fire regime are most likely to survive a blaze and persist on the site.
Commercial logging tends to remove the larger trees—exactly the ones most
resistant to fire. By contrast, fires tend to kill the smaller trees, reducing competition for water and light among the remaining trees. In addition, the process
of logging takes away the least flammable portion of trees—their main stems
—and leaves behind the most flammable parts, the limbs and needles. Partially
and totally buried wood debris—especially the tree stems (the boles)—can
make up as much as 50 percent of all surface organic matter in old-growth
forests and may remain for centuries.16 Logging eliminates this potential.

Some of the above negative features associated with logging can perhaps be
mitigated or reduced by changing timber harvest methods, but one factor
that almost certainly cannot be emulated by foresters is the randomness of
fire disturbance. Though fire ecologists make predictions about fire frequency and “average” size, wildfires are essentially unpredictable. Logging does
not emulate this randomness, and we do know how important it may be to
ecosystem integrity and function.23

The activities associated with logging — including the building of roads that
fragment habitat, and the coming and going of workers and vehicles—can
displace wildlife sensitive to human presence and reduce the effectiveness
of remaining habitat patches.17 This disturbance may be semipermanent,
since logging roads often remain open for subsequent timber harvest or

Finally, fire performs many of the above ecological services at no economic
cost—unless, of course, it threatens human life or habitation. Foresters claim
that timber harvest can achieve the same ends, but frequently it costs far
more to taxpayers per treated acre than can be recouped from timber
sales.24 In contrast, a prescribed natural burn policy, particularly if there
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are no fire suppression costs, is very cost-effective—no more than pennies
per acre burned in monitoring costs.

intervals between major burns in these ecosystems, fire suppression may not
yet have substantially influenced normal fire frequency or fuel loading.

Fire Ecology Principles

There can even be substantial differences in fire frequency within the same
range. For instance, historically, the lower to mid elevations of the Sierra
Nevada burned on a frequent basis, often every 10 or 20 years, thus maintaining open, parklike forest stands. On the other hand, the higher, subalpine
forests of the Sierra Nevada experienced infrequent fires because of the extensive amounts of bare rock, which acted as a fuel break, along with the wet
conditions that typically extended well into summer.36

Most western forest ecosystems evolved under regimes of periodic forest fires.25
It’s important to note that healthy forests do burn. This is partly a result of the
summer drought conditions that characterize many portions of the West. Even
the Pacific Northwest, where precipitation is an almost daily occurrence in
winter, tends to have dry, nearly rainless summers that favor the spread of
wildfires. Indeed, the old-growth Douglas-fir temperate “rainforests” get their
start during fires that develop after the region experiences prolonged and
severe drought years. For instance, major fires occurred in the Olympic Mountains of Washington in 1309, 1442, 1497, and 1668—all linked to global climatic conditions. Such stand-replacement fires may occur only a couple of
times a millennium, but that is frequent enough to maintain the dominance
of the long-lived Douglas-fir on a site.26

The vast majority of acreage burned in any one year, and in any region over
time, occurs in a few very large fires. For instance, in Yellowstone National
Park, about 83 percent of naturally ignited fires never reach more than 1.2
acres in size, and some 94 percent of fires never burn more than 100 acres. If
you add up the total acres burned by all the small blazes, they affect only a
fraction of the land burned in one large fire.37

In much of the West, temperatures tend to be warmest when conditions are
driest. These factors are unfavorable for biological decomposition by bacteria,
fungi, and other decomposers. As a result, decomposition is often extremely
slow. Nutrients are “locked up,” and unavailable for further growth. Litter
that falls to the forest floor gradually builds up. In the West, fire, more than
any other factor, is responsible for recycling the nutrients in this dead plant
material. Deprived of periodic fires, most western ecosystems gradually decline
in productivity for lack of available soil nutrients. In contrast, under natural
conditions, net nutrient levels often increase after a fire.27

Long before fire suppression had any influence on fuel loading, there were
huge forest fires in the West. In 1910, for example, more than 3 million acres
burned in northern Idaho and western Montana, including many low-elevation areas characterized by frequent low-intensity fires.38
The conditions for a major burn often have more to do with drought, wind,
and ignition sources than with fuels.39 Indeed, young regrowing conifer forests
that characterize recently reforested clearcuts, or even regrowth after a burn,
may be the most flammable fuels under conditions of extreme drought, since
green trees, with their flammable resins, burn hotter than dead trees. Also,
since young trees have poorly developed root systems, and because the sites
where they predominate tend to be hotter and more droughty because of the
lack of canopy shade, young trees are among the first to experience drought
stress and are extremely flammable. Thus activities like “salvage” logging
may actually increase the likelihood of major fires, rather than reduce it, by
increasing the amount of young forest regrowth.

The periodicity between fires varies from ecosystem to ecosystem. For
instance, in dry, low-elevation ponderosa pine forests of the Southwest, before
the era of fire suppression, fires once burned every 3 to 20 years.28 Sometimes
the higher frequency was a consequence of human ignitions. Native Americans
often purposely set fires to reduce brush encroachment and to favor grasses
and other forage that attracted large herbivores like elk and deer.29 The fire
regimes in these forests were altered significantly by fire suppression and livestock grazing. However, not all ponderosa pine forests were altered to the same
degree.30 And some researchers caution about the broad application of fire
scar research as the primary method of understanding past fire regimes.31

Why Large Fires Are Necessary
There is an inherent assumption by many people, including those who support wildfires in general, that large blazes are somehow abnormal or destructive. Yet it is large fires, not the ordinary small blazes, that set the ecological
parameters of western ecosystems. Large blazes are usually weather driven
— favored by drought and wind. Furthermore, since fuels are not the
driving force behind large blazes, small prescribed burns, and even “salvage”
logging and /or mechanical thinning to reduce fuel loading, generally do not
have an effect on large fires, nor would this be desirable. In most ecosystems,
we should be encouraging, not discouraging, large fires. Current forestry
policies of fire suppression, road building to facilitate suppression, fuel
reduction, and so on, all contribute to the fragmentation of fire habitat, distorting natural fire regimes. Big fires are as ecologically important to functioning and healthy ecosystems as large predators are to wildlife populations.
Just as large predators are “top-down” regulators of other species, fire serves
a similar function for ecosystems.

On the other hand, in high, cold, snowy places like the Yellowstone Plateau,
human ignitions and subsequent attempts at fire suppression may not have
had any significant effect, in part because the normally deep snowpack ensures
that wet conditions persist well into summer. Conditions favorable to burns
are restricted here to a tiny window of opportunity that typically occurs in late
summer. In many summers, the window does not open at all.32
Litter accumulates much more slowly at these higher elevations because of the
limited growth of all plants imposed by the severe climatic conditions. As a
result, the normal fire interval in Yellowstone’s higher elevations is on the order
of 200 to 400 years or longer.33 Similarly long intervals are characteristic of
some more arid landscapes, such as pinyon-juniper.34 High-elevation subalpine forests throughout the West, as well as the wetter forest belts of the
Pacific Northwest coast also experience long intervals between burns.35 Fires
in this higher-elevation forest tend to be episodic, stand-replacement fires,
which often burn hundreds of thousands of acres. Because of the long time

This is why we need large, protected nature sanctuaries such as large national parks, wilderness areas, and other preserves. Large natural areas are nec-
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essary so that big blazes can “roam” freely across the landscape, just as
preserving habitat for wide-ranging species like grizzlies and wolves is
important to sustaining natural biodiversity.

By removing forest canopies and increasing sunlight, logging may stimulate
the growth of nitrogen-fixing plants, but usually not enough to match the
quantities that grow after a fire. Furthermore, foresters usually attempt
to truncate such early successional stages in order to hasten the restocking of forests with commercial species. For instance, in the Pacific Northwest, where red alder is an important nitrogen-fixing species that colonizes
burned or logged areas, it is standard practice to treat such sites with herbicides to kill off the hardwoods like alder so that commercially preferred
conifers can quickly regenerate.

Ecosystem Functions Performed by Fires
Most fires perform a variety of ecosystem services that are not normally associated with logging. For example, fires cleanse a forest. Heat from fires can kill
forest pathogens in the soil, including root rots, as well as pathogenic insects
and fungi that may be found in fallen trees or snags.40

In many forests, another important source of nitrogen input is arboreal
lichens. Nitrogen-fixing lichen species are common on the branches and bark
of older, larger trees. Rainwater percolating through these lichen-covered
branches leaches and transports nitrogen to the soil.47 Since the rotational
age of trees in managed forests (the age at which the trees are large enough to
cut profitably) is usually far shorter than the age at which they might otherwise burn, the amount of old growth in managed forests is usually substantially less than in wild, natural forests, reducing the potential input of
nitrogen from lichens. How important such contributions may be to forest
productivity and health is unknown.

Heating and subsequent rapid cooling of rocks and boulders cracks and breaks
them apart. Repeated numerous times over the centuries, this is an important
soil-building process. Logging, of course, provides no such benefits.
The influence of fires often extends beyond the blaze perimeter. Laboratory
studies have demonstrated that smoke from fires will kill certain arboreal forest pathogens, reducing, for a time, the influence of some tree diseases. Smoke
also aids the germination of some plant species.41
Fires also change nutrient flows. Dead litter burns and turns to ash. The heat
and combustion change the chemical composition of soils. Depending on how
hot they burn,42 fires can volatilize certain nutrients, like nitrogen, that are
lost as gases into the atmosphere. However, the nitrogen pool available to
plants is large relative to most fire-induced losses, and nitrogen is quickly
replaced in the soil through nitrogen-fixing bacteria, which usually increase
significantly after a burn in most western U.S. ecosystems.43 Studies have
shown that bacteria and other nitrogen fixers typically make up all the nitrogen losses to volatilization within two years of a burn. Other important plant
nutrients, including phosphorus and calcium, are released from litter by fires
and leached into the top layers of the soil. Despite some losses to waterways
and the atmosphere, the overall effect of all but the most intense fires is the
redistribution of nutrients from the forest canopy and floor into the soil, thus
increasing soil fertility. For instance, one study in a southwestern ponderosa
pine forest found that ammonium nitrogen levels were 80 times greater after a
recent burn than before.44 In some forests, more than a third of the nitrogenfixing capacity is provided by microorganisms responsible for decaying wood
on the soil surface and in the soil itself, again emphasizing the importance of
retaining wood debris even after a fire.45

Logging may provide a temporary flush of nutrients, but this is often accompanied by a flush of sediment as well. True, fire-bared slopes will at
times wash high sediment loads into river systems, particularly if heavy
rains occur immediately after a burn. However, on most sites, within a year
or two of a fire, vegetation covers the ground, since fires typically do not
kill underground tubers or seeds that may be lodged in the soil. However,
logging roads are seldom removed or decommissioned, and thus they are a
long-term and unending source of sedimentation. Also, the snags that are left
on a burn site often fall across the slope, creating “check dams”—barriers
that slow erosion and reduce sediment yield to streams. Again logging, particularly “salvage” logging, removes such snags, hence increasing sedimentation and its many negative effects.

snags serve a number of important ecological functions. Woodpeckers carve
cavities that provide an abundance of homes for many birds and mammal
species, including bluebirds, nuthatches, and flying squirrels.49 Snags offer
perching sites for flycatchers, swallows, and raptors.

Since snags typically remain for 50 to 100 years after a blaze, they commonly survive until the new forest has a chance to mature sufficiently to
provide new hiding and thermal cover.

Furthermore, many of these snags are invaded by wood-eating beetles and
other insects. These in turn provide an abundant food source for woodpeckers and other insect feeders. Some species, like the black-backed woodpecker, show tremendous increases for three or four years after a fire, then
decline. The woodpecker is one of several species that may depend on fireshaped landscapes to maintain adequate population levels. Populations of
black-backed woodpeckers do not increase on logged sites since few standing
dead trees are left after harvest.

In sum, wildfire is an important ecological process not emulated by logging
practices. Some kinds of timber harvest, such as selective cutting of young,
small-diameter trees, may superficially mimic the structural influence of fire
—creating, for example, open stands of large-diameter trees—but they fail
to emulate the ecosystem processes associated with fires. Forest structure is
just an outward manifestation of ecosystem processes. If we must husband
anything, it should be ecosystem processes, not preconceived notions of
“proper” structural appearance.

Dead trees continue to play important ecological roles, even after they fall
over. On the ground they provide habitat and hiding cover for a mostly different group of invertebrates, as well as rabbits, voles, shrews, and other small
mammals.50 These animals in turn provide a food source for predators like
pine marten and lynx. In addition, as these fallen snags molder and rot, they
gradually add organic matter to the soil, which increases its fertility and
water-holding capacity.

Maintaining fire as an ecosystem process is still an option. Acknowledging
that many people have inappropriately built towns and homes in what is the
fire equivalent of a floodplain does not necessarily lead to the conclusion that
we have no choice but to suppress wildfires. Indeed, a wise course of action is
to make a few areas defensible against wildfire by frequent prescribed burning and limited, selective timber harvest. These management activities should
be concentrated along existing roads, around towns, and around other structures deemed worthy of protection. In the rest of forested areas, wildfires
should be permitted to burn unsuppressed. Our goal should be ecosystem
maintenance, not ecosystem management.

•••

Trees that fall into waterways are important to aquatic ecosystems. Fallen logs
create pools and riffles, which provide habitat for aquatic invertebrates and
fish. Logs also help to stabilize stream banks, deflecting or reducing the erosive force of water. Furthermore, since submerged logs rot slowly, they are
important long-term sources of nutrients for aquatic ecosystems.51

Large wildfires have many of the same characteristics as large carnivores.
They range widely, occur in relatively small numbers, are often in conflict with
human exploitation schemes, and thus can only exist in large wildlands. They
contribute to the ecological processes that maintain ecosystems. A western
wilderness without large, episodic wildfires is as ecologically bankrupt as one
without grizzlies and wolves. Without them all, our wildlands are no longer
truly wild, no longer ecologically intact.

Finally, though naturally a live forest provides more cover than the snags left
after a blaze, dead tree boles still provide some thermal and hiding cover—
much more than found in a clearcut. A burned area thus has far more value
as security cover to big game and other hunted species than a logged area.

In addition, the soil disturbance caused by logging and heavy equipment
strips away soil and the buried seeds and roots that might otherwise sprout
and quickly cover a slope. Logging roads are notorious for generating high
sediment loads, even higher than typically found on the logged or burned
slopes themselves.
Of course, the amount of sedimentation, whether because of fire or because
of logging, is largely determined by soil type, gradient, seasonality of runoff, and timing between periodic natural floods. Logging nearly always
increases sedimentation over natural levels associated with most, but not
all, burns. High sedimentation kills aquatic insects and fish, and changes
stream channel patterns.

Nutrients may also wind up in waterways by directly washing into a stream or
lake, or by settling as ash from the air. Periodic nutrient enrichment from fires
may be necessary for the maintenance of aquatic ecosystems, particularly
those at higher elevations, which tend to be low in nutrient inputs.46
By contrast, timber harvest removes nutrients from the ecosystem, since trees
are transported out of the area. The severity of this removal depends on logging practices. In conifers, most nutrients are stored in the branches and
needles; thus, the more slash left on-site, the less actual nutrient removal.
Nevertheless, to replace the nutrients lost, even when only the boles are
extracted, takes longer than the timber rotation period (the time between logging episodes) on many sites. As a result, over time, repeated timber harvest
may gradually deplete a site of important nutrients.

Fires may temporarily reduce the amount of organic matter in aquatic ecosystems, to the detriment of aquatic invertebrates, particularly in smaller
streams. However, within a few years, the flush of new vegetation begins to
compensate for these losses.48
Unless the blaze is extremely hot, fires do not totally consume a forest.
Typically, hundreds of standing fire-killed trees (snags) per acre remain. These
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AFTER THE SMOKE CLEARS
Ecological Impacts of Salvage Logging
James R. Strittholt, Ph.D.

Salvage logging has generated much controversy over its effectiveness to achieve desired outcomes
and its ecological impacts. Before carrying out salvage and other postfire management operations, we
must carefully consider the ecology of fire-prone forests. As long as wildfire is viewed as a force
that destroys timber, we will fail to recognize the vital role fire has always played in forming and
maintaining native forests and the many ecosystem services they provide.

A
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fter a wildfire is extinguished or burns itself out on public lands, land
managers are faced with the aftermath. Postfire management may
include a broad array of actions, such as repair to existing roads and
road structures, erosion control, and repair or reconstruction of buildings. Site
restoration may include control of invasive species, seeding of erosion-prone
areas, and planting of disease-resistant seedlings. All of these actions have
ecological consequences, but by far the most contentious postfire management
activity is the removal of dead or damaged trees—salvage logging.
Salvage Logging
In general, salvage logging is the harvest of dead or dying trees damaged by
fire, wind, flood, insects, or disease; however, salvage logging has never been
specifically defined in legal terms.1 Operating definitions of salvage logging as
stated in the National Forest Management Act of 1976 (NFMA) and the
Emergency Supplemental Appropriations and Rescissions Act of 1995 allow
for the removal of dead, dying, and sometimes associated live trees after fire.
In this essay, the emphasis is on dead and dying trees, with the recognition that
removal of associated live trees sometimes takes place. Regardless, not all trees
impacted by fire are salvageable. Some trees deteriorate rapidly and have no
economic value. Some locations are inaccessible because of legal restrictions
(e.g., congressionally withdrawn lands such as wilderness areas) or because of
prohibitive costs (e.g., new road construction costs or extensive environmental
damage control measures).2 Thus, owing to administrative and operational
constraints, only a portion of dead and dying trees can be salvaged.
In most ways, salvage sales do not differ much from other timber sales
except that they can be expedited (sometimes bypassing proper administrative and judicial review) because burned timber quickly loses its economic
value as it remains in place.3 However, because of the lack of careful planning and review, and the potential of exposing large areas to rapid mechanical manipulation, salvage logging may have greater environmental impacts
than routine timber sales.

Salvage logging, Shasta-Trinity National Forest,
northern California. Salvage logging can remove large
trees that are critical to forest health.

Just as wildfires are often improperly referred to as “natural catastrophes” or
“ecological disasters,” salvage logging is often incorrectly presented as a
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management imperative to “restore the fire-damaged landscape.” Although
this misperception is widespread,4 there is no scientific evidence supporting
the position that salvage logging benefits forest ecosystem health or promotes
late-successional forest characteristics. In the most extensive review of postfire
salvage logging effects to date, a U.S. Forest Service technical report found
only 21 scientific papers worldwide that pertain to this topic experimentally.5
Of these, the salvage logging studies that examined the direct effects from logging operations primarily emphasized the potential negative effects, such as
soil disturbance, erosion, sediment yield to streams, and changes in water
yield. The few studies on indirect effects (effects due to removal of merchantable timber) focused almost exclusively on the impacts on bird species
assemblages. The Forest Service review concludes that “postfire logging is certain to have a wide variety of effects, from subtle to significant, depending on
where the site lies in relation to other postfire sites of various ages, site characteristics, logging methods, and intensity of fire.” Nowhere in this review—or
anywhere in the scientific literature—is salvage logging reported as ecologically beneficial to native forests.

The greatest cost, however—rarely mentioned by salvage logging proponents
— is the cost to the ecological integrity of native forest ecosystems, for
salvage logging and its associated activities compromise or degrade fundamentally important ecosystem services, such as the production of clean
water, maintenance of healthy soils, and propagation of native biodiversity.
Unfortunately, it is difficult to quantify these costs, and they are therefore
summarily dismissed as unimportant or, at best, as far less important than
the timber values, whether the timber values in a given situation are real
or imagined. Any attempt made to defend salvage logging and other postfire management actions (i.e., herbicide treatment and nonnative tree planting) on ecological grounds is unfounded scientifically. One can only conclude
that the motivation for such a position is the belief that timber values
supersede all other considerations, forming an ideology that leaves little
room for broader understanding.
Waste or Wealth?
When most people see a burned forest, they see a great waste and feel a great
loss. Their views on wildfire are influenced by television news, with its images
of charred trees, barren soil, and burned animal remains. A reporter describes
the carnage in a somber voice, leaving doubt in the mind of the viewer that
the once-beautiful forest will ever recover. The land management agencies
begin formulating a postfire management plan, while logging interests advocate for extensive and immediate salvage—making the best of a terrible
tragedy. The news reports and timber interest assertions work hand in hand,
perhaps unwittingly, to paint a distorted picture of a type of event that has
been taking place for millennia, creating and shaping the very forest we are
now told is potentially lost forever and in need of immediate restoration
(including salvage logging).

While the number of experimental studies on the effects of salvage logging is
quite limited, an abundant scientific literature reports negative impacts from
salvage logging and associated management activities on a wide range of biological elements and ecological processes. These studies describe significant
ecological degradation to both the terrestrial and aquatic components of natural forests as the result of postfire management as it is currently conducted.6
The overwhelming body of scientific evidence thus supports a very cautious
approach to any postfire management — especially salvage logging — and
clearly refutes claims that intensive postfire management is necessary to
restore health and vitality to our forestlands.
That is not to say there would never be cause for postfire management based
on ecological grounds. There are instances in which “active restoration” is warranted, such as replacing faulty drainage structures and planting native species
depleted by fire.7 The main objectives of any postfire management should be to
repair environmental damage caused by fighting the fire and to avoid additional environmental damage; to repair damage to existing human infrastructure,
such as roads, that could continue to degrade natural systems if left unrepaired;
and to enhance the revegetation of native species.8 Repairing the environmental damage caused by firefighting alone can be a major and expensive effort.
The final cost of fighting the large Biscuit Fire that burned in southern Oregon
and northern California during the summer and fall of 2002 was $153 million
and included the construction of many miles of fire lines and extensive highintensity backburning.9 The ecological damage caused by trying to contain and
extinguish this large fire warrants active management attention.

Not surprisingly, the majority of people see fire as bad, and dead and dying
trees as having little or no value. By this view, civil society should do its best to
clean up nature’s mess, and if there is some economic gain as a bonus, so be it.
After all, wouldn’t you rather see logging of fire-killed trees than of live ones?
Let’s face it: live trees appeal to our sense of health far more than charred
stems. But to a forest, trees actually have two ecological lives—one when they
are alive and another when they are dead. To forest ecologists these dead trees
are known as “biological legacies,” and they are disproportionately important
in maintaining the biodiversity of a natural forest. Biological legacies are
organisms, organically derived structures, and organically produced patterns
that persist after a major disturbance event.12 They include standing dead
trees (snags), downed logs, intact thickets, and large living trees, and they
have been described as keystone habitat elements benefiting many organisms.13 Biological legacies have a wide range of functions, including:

It is clear that scientists need to learn much more about how to carry out postfire management in a way that enhances overall ecological integrity while at
the same time allowing for some economic gain where that is possible.
Economic gains in postfire salvage logging are possible in some circumstances,
but dead and dying trees should not be thought of as black diamonds sprinkled across the landscape just waiting to be collected.10 As economic studies
have shown, there are costs associated with any kind of logging (including salvage), and these costs are frequently greater than the perceived economic
gain.11 It is the United States taxpayer who ultimately pays for economic shortfalls from both green and salvage timber sales, placing into question the rationale for salvage timber sales in the first place.

● Surviving, persisting, and regenerating, becoming incorporated into the
recovering stand
● Assisting other species to survive changes to the physical and biological
community (lifeboating)—for example, by providing temporary nesting and feeding habitat
● Providing refugia for species that can then recolonize nearby recovering
disturbed sites
● Influencing patterns of recolonization in the neighboring disturbed area
● Providing a source of energy and nutrients for other organisms
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● Modifying and stabilizing environmental conditions in the recovering
stand 14

treatment of excessive salvage slash (burning) is not without its own ecological costs. For example, one study reported significant changes in future plant
succession as the result of broadcast or slash burning.27

Snags and downed logs often persist after fire and serve important ecological functions. Snags provide nesting and denning habitat for many
species of birds and mammals.15 Downed logs return much-needed organic
matter to the soil; help to stabilize soil loss from erosion; and aid in the establishment of early successional species (including herbaceous plants and
fungi) that condition soil for the natural reestablishment of conifers. In
short, the retention of biological legacies is imperative in maintaining
productive soils and healthy forests.16

Postfire Natural Succession Versus Tree Plantations
Proponents of aggressive salvage logging argue that follow-up silvicultural
treatments of herbicide application and conifer planting are necessary to prevent future high-intensity fires and to reestablish conifer forests. Considerable
scientific evidence runs counter to both arguments.
Widespread conifer planting after any disturbance results in even-aged stands
of trees that are usually closely spaced. This array of same-age trees makes
the stands prone to higher fire intensity and severity compared with natural
forests because fuels are available in combustible form over a wide area.28
Examination of the spatial pattern of the 1987 fires in Klamath National
Forest showed that tree plantations had twice as much crown fire as closed
natural forest.29 In further support of this finding, analysis of patterns of
severity after the 1994 Dillon Creek Fire in the Klamath National Forest
found that plantations and adjacent vegetation burned more severely than
unlogged forests.30

Postfire Salvage and Fire Fuels
One of the most common assertions made by salvage logging proponents is
that the removal of the dead and dying trees after fire is “necessary” to reduce
fuel loads for the next fire. The fear being promulgated is that by leaving the
dead and dying trees on the landscape, we are setting up conditions for another catastrophic fire over the short term, thus risking loss of human life and
property. On the surface, this logic may sound reasonable, but closer consideration leads to a very different conclusion. The only known scientific literature on the topic of salvage and fuels reduction concludes there is no scientific
evidence that salvage logging decreases the intensity of future fires on burned
sites.17 Claims that removal of dead and dying trees are the main opportunity
to reduce risk of recurring fires are unsubstantiated. Fire intensity and behavior—both of which have been empirically studied 18 and modeled 19—are driven by three main factors: weather, terrain, and fuels, with weather playing
the most important role. Under most terrain and fuels situations, if it is hot,
dry, and windy enough, wildfires will burn with great intensity. Fuels that are
consumed in a fire and contribute most to the burn severity are primarily the
fine fuels. The contribution from large trees (greater than15 inches in diameter at breast height) is almost negligible,20 since they burn only when finer
fuels are sufficient to ignite and sustain the flames. Large wood also burns
mainly by smoldering combustion, which does not figure prominently into
fire intensity calculations.21

Natural conifer establishment requires favorable soil conditions, available
nutrients, and a seed source. Seedlings depend on the natural heterogeneity of
the forest landscape, which provides “safe sites” (sites relatively safe from
high-intensity fire over the short term) where seedlings can survive future fires
when they are young and vulnerable.31 Plantations lack landscape heterogeneity and safe sites, and once a threshold proportion of even-aged plantations is
established, there is potential for a self-reinforcing cycle of stand-replacing
fire over a broader landscape area.32
Salvage logging proponents state that planting is required to recover forest in
a timely fashion, in part because potential seed trees are so far removed from
the burn areas where mortality was heavy. However, research on the aftermath of the Yellowstone fires of 1988 showed the majority of severely burned
areas to be within 164 to 656 feet of unburned or lightly burned areas, suggesting that few severely burned sites were very distant from potential sources
of propagules.33 In the Yellowstone region, fires also played an unexpected role
in the establishment of new aspen clones, a function that would never have
been recognized had the area been quickly salvaged.34

After fire, the remaining dead trees begin to decay. Standing trees eventually
fall, with smaller-diameter trees falling sooner than larger ones. Regardless of
their size, by the time most standing trees fall, they have already lost their
fine-fuel component, made up of needles, twigs, and small limbs.22 Larger
trees can remain standing for as much as 30 to 80 years, depending on the
species, and are not likely to burn intensely in future events. However, these
larger trees are highly prized for salvage logging. If reducing future fire intensity and severity is the desired management outcome for a region, fire management needs to concentrate on reducing fine fuels rather than on the
removal of large wood through salvage logging. Removing the most important fire-resistant structures in these forests23 would actually have the reverse
effect. Salvage logging has not been shown to reduce the incidence or severity
of wildfires, but it has been shown to do the opposite. For example, the treetops and branches left on the ground after logging (slash) can lead to
increased fire severity.24 Combustible fine fuels were reported to increase
between 3 to 13 tons per hectare in Oregon following salvage logging without
slash treatment.25 Heavy logging slash is particularly problematic for potential future fires since it has been shown to generate the highest fire line intensity of any wildland fuel type when the weather is dry and windy.26 The usual

For the Biscuit Fire in southern Oregon and northern California, a similar
analysis yielded similar results.35 Over 63 percent of the area burned at high
severity was within 328 feet of a potential conifer seed source, and approximately 84 percent was within 656 feet. If two of the largest fires in the western United States over the past 20 years are any indication, claims for
the need for widespread planting to recover conifer forests after fire are
simply not consistent with the data.
Salvage and Forest Succession
Another assertion by salvage proponents is that salvage logging and subsequent silvicultural management can significantly reduce the establishment of
native shrubs and hardwoods, which they consider a significant threat to the
more highly prized conifer forests. However, natural forests have evolved
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recovery mechanisms after major disturbances, including the rapid resprout
and regeneration of shrubs, hardwoods, and herbaceous plants. Natural recovery after fire requires the establishment of many different species that interact
over space and time, shaping the forest landscape until the next fire event.
These plants serve many important ecological functions. Rapid regrowth of
these species stabilizes soils, preventing erosion; protects the soil from direct
solar radiation; increases soil moisture; generates needed organic matter; and
provides important habitat for many native species of vertebrates and invertebrates. Some shrub species, such as ceanothus spp., relying on seed survival after fire, fix nitrogen that helps restore soil productivity.36 Other shrub
species, like Arctostaphylos, facilitate the maintenance of soil mycorrhizae,
which are fundamentally important for conifer growth.37
Initially after fire, shrubs and hardwoods are generally better competitors than
regenerating conifers.38 This is why foresters often advocate for human intervention with the use of herbicides and mass conifer seeding or planting, which
can result in short-term gains in conifer growth, but often at considerable ecological and economic costs. In bypassing the natural early successional stage
of a postfire environment, managers reduce species richness and risk sacrificing long-term soil quality. Research has shown that despite slower initial
conifer growth when in competition with shrubs, over time higher conifer
growth rates often result in these situations.39 Controlling shrubs and hardwoods to speed up conifer regeneration is therefore not only ecologically
unwise but also unnecessary for old-growth habitat restoration. It makes little
sense to spend time and money to do something nature will do better than
humans and at no cost. However, managers whose goal is to maximize merchantable timber as quickly as possible continue to engineer forests for this
purpose, frequently ignoring valuable ecological principles.
Furthermore, the removal of downed logs and snags through salvage logging
can actually increase the density of many early successional shrubs and hardwoods because the ground is exposed to more sunlight. By creating large
patches of disturbed soil, salvage logging also encourages the establishment
of invasive exotic species.40 A study on the Winema National Forest showed
salvage logging to reduce overall vegetation biomass, increase invasive
exotics, increase graminoid cover, and reduce overall plant species richness
relative to postfire unlogged sites.41
These effects are ecologically important, since natural postfire habitat and
regenerative processes that occurred previously in evolutionary history are
now becoming rare.42 Moreover, some areas are far more difficult to work in
and far more susceptible to damage than others. For example, in southwestern Oregon (location of the Biscuit Fire), forest practitioners understand that
much of the region is extremely difficult to engineer silviculturally. In such
environments, the widespread application of salvage logging, herbicide treatment, and planting is fraught with even greater ecological risk and substantial

Top: Young lodgepole pine recolonizing a recent burn, Hells
Canyon National Recreation Area, Wallowa-Whitman National
Forest, northeast Oregon.

economic investment. Total failure to achieve the “desired outcome” is likely,
and considerable damage is visited upon the native forests.

turies; postfire management actions must therefore proceed with great caution
to avoid increasing erosion or damaging the soils.53

Salvage Logging and Wildlife

These effects are particularly important with regard to aquatic integrity since
some aquatic organisms are sensitive to high sedimentation levels. All riparian areas are important, and those that sustain high burn severities should
be protected as much as possible from any further damage. While groundbased salvage logging can take some effective actions to mitigate erosion
under certain conditions, it is more likely that salvage logging will increase
sedimentation.54 As the authors of one review in the salvage logging literature conclude, “More importantly, we do not know how site-specific effects
accumulate over watersheds, and this knowledge is essential if forest management is to be linked to aquatic integrity.” 55

Any natural disturbance event or management action (including salvage logging) favors some species at the expense of others. Populations of some species
will increase dramatically, some will be suppressed for a time, and others will
remain relatively unchanged.
Salvage logging often leads to changes in species composition.43 Species that
prefer even-aged conifer stands (a common habitat type throughout much of
the western United States) will undoubtedly benefit, but species that capitalize on a postfire environment or are sensitive to further structural changes will
be harmed. Downed logs and standing dead wood are important to a wide
range of vertebrate and invertebrate species,44 many of which are negatively
impacted, some significantly, by the removal of these structures (or biological
legacies). For example, species such as salamanders, which are sensitive to
maintenance of moist microsites, are severely affected by the increased solar
radiation and further drying of soils from the removal of standing dead and
downed logs. Removal of snags negatively impacts forest predators like marten
and fisher since the associated removal of the remaining vegetation structure
reduces the numbers of their prey.

•••
In summary, there is no scientific evidence that supports the notion that salvage logging is sound on ecological grounds, and any assertion that logging is
“required” to restore forests after wildfire is absolutely false. Salvage logging
may have economic value under some circumstances, but policymakers and
land managers must be careful to weigh the ecological costs of any postfire
management plan. Postfire landscapes are fragile but by no means dead.
Ecologically responsible management of postfire landscapes should avoid any
action that causes additional ecological stress or prevents the natural reestablishment of native species and ecosystem processes.56 If some salvage logging
is permitted on economic grounds, it should be carried out with the greatest of
care, and any final management decisions should be governed by the precautionary approach. If there is reasonable concern that a particular postfire salvage timber sale will cause significant ecological damage, it should not go
forward. Sensitive ecological areas not already congressionally withdrawn
from postfire management—such as inventoried roadless areas and botanic
areas, steep slopes on unstable soils, and riparian zones—should be avoided
altogether. Other areas selected for treatment should be managed carefully,
paying particular attention to (1) leaving a substantial proportion of biological legacies, such as large standing dead trees; (2) promoting natural recovery
wherever possible; (3) protecting soils; (4) banning the introduction of exotic
species; (5) avoiding the conversion of native forests to conifer plantations;
and (6) prohibiting new road construction.

Four independent studies in the Intermountain West have shown that salvage logging also significantly reduces the abundance and nest density of
cavity-nesting birds.45 Most cavity-nesting bird species showed consistent
patterns of decline after salvage logging, while only one species, Lewis’s
woodpecker (Melanerpes lewis), increased after logging. Most cavity-nesting
birds are insectivorous, so the removal of nesting and foraging habitat
through salvage logging reduces the natural regulation of postfire insect outbreaks by cavity-nesting birds.46
At the landscape level, wildfire creates a spatial heterogeneity that is attractive to many species.47 To maintain healthy metapopulations of these
organisms, it is important to manage postfire patches with great care.48 Widespread salvage logging simplifies the landscape and biota in a way similar
to green tree clearcutting.

None of these stated precautions were used in developing the Final
Environmental Impact Statement (FEIS) for the postfire management plan
for the Biscuit Fire. In this plan, over 370 million board feet of timber are allocated for salvage in a national forest that routinely harvested approximately
25 million board feet of timber per year.57 This final management decision—
as of 2005 still being challenged in the courts—allows logging of many sensitive sites, including inventoried roadless areas and late successional reserves,
without proper site restrictions to assure natural recovery.

Soil Erosion
High-severity wildfire causes predictable changes in soil characteristics and
vegetation structure that can lead to serious erosion problems.49 In extreme
cases, water infiltration of the soils can be slowed by fire-induced effects and
decreased uptake and evapotranspiration of water because of the extensive
vegetation kill.50 Conventional ground-based salvage logging (including road
construction and reconstruction), especially in stands having steep slopes or
unstable soils, will likely exacerbate the erosional problems routinely observed
in burn areas.51 Logging slash can help decrease erosion by impeding overland flows,52 but leaving slash has the undesirable side effect of increasing fine
surface fuels. Soil productivity is irreplaceable in human timescales. Damage
done by improper management can result in negative impacts that last cen-

Until society and land-managing agencies can see forests as more than a collection of merchantable trees, we will continue to make improper ecological
decisions regarding postfire management of our public forests, contributing to
the degradation of native forests and denying present and future generations
the many ecosystem services intact native forests provide.

Bottom: Building a road for a salvage timber sale, Boise
National Forest, Idaho.
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CONVENTIONAL SALVAGE LOGGING
The Loss of Ecological Reason and Economic Restraint
Chris Maser

“Ecology” and “economy” have the same Greek root, oikos—meaning “house.” Ecology is the knowledge
or understanding of the house, economy the management of the house—and it’s the same house.
However, any forest product not promptly converted into a usable commodity for human benefit
is considered an economic “waste,” which forms the philosophical underpinnings
of conventional “salvage logging.”

Chris Maser is a vertebrate zoologist who has spent over 25 years as a
research scientist in forest, shrub-steppe, subarctic, desert, coastal, and
agricultural settings. He has worked and/or lectured in Europe, Asia,
Egypt, Canada, and throughout the United States and has written 270
publications, including 26 books. He is also an international lecturer; a
facilitator in resolving environmental conflicts, creating vision statements,
and developing sustainable communities; and an international consultant
in forest ecology and sustainable forestry practices.

C

onventional forestry, but especially conventional “salvage logging,”
focuses primarily on the greatest economic efficiency in getting merchantable timber from the forest to the mill. Stated differently, while
there is no such thing as biological waste in a forest, the economic concept of
waste discounts social values and all biophysical values. The economic practice of discounting the aforementioned values as externalities has given rise to
the convention of “salvage logging,” which usually occurs in the form of
clearcutting. Clearcutting, a consummate economic expedient whereby all
trees are cut and removed, emulates nothing in nature. As such, clearcut
logging has no biological justification because it progressively mines the
organic material that acts as a reinvestment of biological capital in the health
of forest soils, which form the organic foundation of every forest.1 Moreover,
the economic notion of “waste” poses long-term social and environmental
problems for all generations—problems that will prove increasingly unaffordable and difficult to remedy. This being the case, we humans must learn
to reinvest in a forest as we already do in a business.
Reinvesting Biological Capital
In a business, one makes money (economic capital) and then takes a percentage of those earnings and reinvests it, puts it back as a cost into the maintenance of buildings and equipment in order to continue making a profit by
protecting the integrity of the initial investment over time. It is, after all, much
easier and less expensive to maintain the infrastructure of a business in good
repair than to replace it. In a business, one reinvests economic capital after the
fact, after the profits have been earned.
Unlike business reinvestments, biological capital, which is generated from
within the biological system and equates to its long-term sustainability, must
be reinvested before the fact, before the profits are earned. In a forest, one reinvests biological capital by leaving some proportion of the largest merchantable
trees—both alive and dead—in the forest to rot (compost, if you will) and
recycle themselves into the soil, thereby maintaining nature’s biophysical processes, through which available nutrients are replenished within the living system. Given this circumstance, the question that needs to be asked is, How
much of the forest must be left intact to protect its functional integrity so it can

Postfire salvage logging, Thunderbolt timber sale
area, Payette National Forest, Idaho.
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continue producing the products and services for which we valued it in the
first place? The question is not, How much wood can be taken out of the forest to promote short-term economic profitability? 2

In answering this question, we must first understand that each component of a
forest has intrinsic value, be it a microscopic bacterium or a towering 800year-old tree. Each component develops its natural structure, carries out its
natural function, and interacts with other components of the forest through
natural, interdependent processes. No component is more or less valuable than
another. Each may differ in form, but all are complementary in the functioning of the whole as a living system forever in the throes of evolution.

The latter question is the premise of most industrial forestry, and conventional salvage logging in particular. Therefore, most people think of the timber
industry as encompassing nothing more than getting trees from the forest to
the mill. But society in the United States is founded largely on an interdependent suite of forest-dependent industries that individually and collectively
rely much more heavily on the abundant clean water that flows from forests
than they do on the growing and harvesting of wood fiber. What is true in the
United States is true throughout most of the world.

The spatial and temporal connectivity of landscape patterns is an important
consideration in dealing with a forest. I say this because the timber industry
slogan “We plant ten trees for every one we cut” is ecologically misleading. It
implies that the number of trees can somehow replace the relationship among
trees in time and space as they constitute a forest. However, it is not the number of trees planted that confers stability on ecosystems but rather the biophysical pattern of their relationship across the land.

A forest-dependent industry is any industry that uses raw materials from the
forest, including amenities and services like oxygen, water, electricity, and
recreation, as well as perceived commodities like migratory animals such as
salmon and steelhead. A forest-dependent industry also includes any industry
that uses extractive goods like minerals, wood fiber, forage for livestock, resident fish and game animals, and pelts from fur-bearing mammals. Finally,
forest-dependent industries are all interconnected, because each industry uses
one or more of the others’ products, such as water, electricity, wood fiber, red
meat, and vegetables irrigated on farms with water from the forest.3

Patterns Across the Landscape
In the case of landscapes (including forests), spatial patterns result from
complex interactions among physical, biological, and social forces. Most
landscapes have been influenced by the cultural patterns created by human
use, such as farm fields intermixed with the patches of forest that surround a
small town or large city. The resulting landscape is an ever-changing mosaic
of nonmanipulated and manipulated patches of habitat that vary in size,
shape, and arrangement.6

Because we, the lay public, are taught about forests largely through commercial advertising, we tend to see only the commercial “product”—that is, the
“conversion potential” of a tree for being turned into lumber, lumber into
houses that are remodeled and/or resold, and so forth. The rationale for converting trees into money came from the classic liberal 19th-century economic
theory of “soil rent”—that is, “renting” or using a piece of land for a crop that
would maximize profits while minimizing costs.4 Since adoption of the soilrent theory by early foresters, maximum profit at minimum cost has become
the overriding objective for conventional exploitive “forestry” worldwide.

Important biophysical processes in shaping landscapes include such ecological disturbance regimes as fires, floods, windstorms, and insect outbreaks—
coupled with such disturbances of human society as habitat fragmentation,
urbanization, and pollution. The ecological outcome of these disturbances is
influenced by the diversity of the existing landscape pattern. Disturbances
vary in character and are often controlled by physical features, such as mountain ranges, and the established patterns of vegetation, such as meadows on
thin, rocky soil. The variability of each disturbance, along with the area’s previous history and its particular soil, leads to the existing vegetation mosaic.

This economic theory, however, is based on six greatly flawed assumptions, all
of which presume “constants” in nature: (1) that the depth and fertility of the
soil in which the forest grows is nondegradable; (2) that the quality and quantity of precipitation reaching the forest is unchanging; (3) that pure, unpolluted air infuses the forest; (4) that diversity (biological, genetic, and functional)
is unimportant; (5) that the amount and quality of solar energy available to
the forest are constants; and (6) that climate is unchanging.

The greatest single disturbance to an ecosystem is usually human manipulation, often in the form of our continual and systematic attempts to control the
size—to minimize the scale—of the various cycles of natural disturbance with
which the ecosystem has evolved and to which it has become adapted. Among
the most obvious are the suppression of fire and clearcut logging, which have
greatly altered the distribution of old forests across North America.

Erroneously assuming that biophysical variables can be considered economic
constants leads to the further false assumption that nature recognizes the economic notion of an “independent variable”—in the case of forestry, the tree.
That is to say, that a single desired economic entity—the tree—can be manipulated without affecting other components of the forest ecosystem, such as
soil, water, air, biodiversity, and so forth. If there were such a thing as an independent variable, then—and only then—could biological sustainability for
any tree species be calculated using only two considerations, a tree’s rate of
growth and the age at which it must be cut in order to gain the highest rate
of economic return in the shortest time for the least investment.

As we humans struggle to minimize the scale of nature’s visible disturbances,
we alter an ecosystem’s ability to resist or to cope with a multitude of invisible stresses.7 We, on the other hand, attempt to control the existence and
dynamics of the very cycles of disturbance to which ecosystems are adapted
—often with long-term, catastrophic results. For example, our attempt to
minimize forest fires has caused today’s fires to be more intense and more
extensive since the 1950s because of the buildup of fuels since the onset of
fire suppression in the first decade of the last century.8 Many forested areas
once “fireproofed” by forest maintenance fires have, since the onset of fire
suppression, become primed for forest-replacing fires.9

A forest, however, is an interdependent, living system in which everything is
defined by its relationship to everything else; every relationship fits perfectly
into every other relationship and is constantly changing. So, the question
becomes, What will we really lose if we practice conventional salvage logging? 5

Given enough time, virtually all forest ecosystems evolve toward a critical state
in which a minor event sooner or later leads to a major event, one that alters
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the ecosystem in some fundamental way.10 To illustrate, as a young forest
grows, it converts energy from the sun into living tissue that ultimately dies
and accumulates as organic debris on the forest floor. There, through decomposition, the organic debris releases the energy stored in its dead tissue. In this
sense, a forest is a dissipative system in that energy acquired from the sun is
dissipated gradually through decomposition or rapidly through fire.11

Consider, for example, the coniferous forests of the Pacific Northwest, in which
Douglas-fir and western hemlock predominate in the old-growth canopy.
Herein lives the northern spotted owl, which preys on the northern flying
squirrel as its stable diet. The flying squirrel, in turn, depends on truffles, the
belowground fruiting bodies of certain mycorrhizal fungi. (The term mycorrhizal, meaning “fungus-root,” denotes the obligatory, symbiotic relationship
between various fungi and plant roots.) Flying squirrels, having eaten truffles,
defecate live fungal spores onto the forest floor, which, upon being washed
into the soil by rain, inoculate the roots of the forest trees.

Of course, rates of decomposition vary. A leaf rots quickly and releases its
stored energy rapidly. Wood, on the other hand, generally rots more slowly,
often over centuries in moist environments.12 As wood accumulates, so does
the energy stored in its fibers. Before suppression, fires burned frequently
enough to generally control the amount of energy stored in accumulating dead
wood by burning it up, and thus protected a forest for decades, even centuries,
from a “catastrophic” forest-replacing fire. (Keep in mind, however, that the
notion of a “catastrophic” fire is an economic concept—not an ecological one.)

These fungi depend for survival on the live trees, whose roots they inoculate,
to feed them carbohydrates, which the trees produce in their green crowns. In
turn, the fungi form extensions of the trees’ root systems by collecting minerals, other nutrients, and water vital to the trees’ survival. Mycorrhizal fungi
also depend on large rotting trees lying on and buried in the forest floor
as reservoirs of water and for the creation of humus in the soil. Further,
nitrogen-fixing bacteria associated with the mycorrhizae convert atmospheric nitrogen into a form that is usable by both the fungus and the tree. Such
mycorrhizal–small mammal–tree relationships have been documented
throughout the coniferous forests of the United States (including Alaska) and
Canada.15 They are also known from Argentina, Europe, and Australia.16

Regardless, a forest eventually builds up enough dead wood to fuel a forestreplacing fire. Once available, the dead wood needs only one or two very dry,
hot years with lightning storms to ignite such a fire, which kills parts of a forest and sets them back to the forest’s earliest developmental stage, the herbaceous stage of grasses and herbs. (This is a critical point, because fire rarely
kills an entire forest, but rather creates a diversity of habitats by how intensely it burns in a particular area.13 ) From this early stage, a new forest again
evolves toward old age, again accumulating stored energy in dead wood,
again organizing itself toward the next critical state, a forest-replacing
fire that starts the cycle over.

To add to the overall complexity of nature’s forest, a live old-growth tree eventually becomes injured and/or sickened with disease and begins to die. How a
tree dies determines how it decomposes, thereby reinvesting its biological capital (organic material, chemical elements, and functional processes) back into
the soil and eventually into another forest.17

In this way, a 700-year-old forest that burned could be replaced by another,
albeit different, 700-year-old forest on the same acreage. In this way, despite a
series of “catastrophic fires” over the millennia, a forest ecosystem could remain
a forest ecosystem. And that’s why the centuries-old forests of western North
America, with their incredible biophysical diversity, have been evolving from
one major fire to the next, from one critical state to the next for generations.

An old tree may die standing as a large snag, eventually to crumble and fall
piecemeal to the forest floor over decades. Or, it may fall directly to the forest
floor as a whole tree. Regardless of how it dies, the large snag and large fallen
tree are only altered states of the live, old tree. Ergo, the live old tree must
exist before there can be a large snag or large fallen tree.18

The precise mechanisms that allow ecosystems to cope with stresses accompanying biophysical disturbances vary, but one mechanism is closely tied to the
genetic plasticity of the species inhabiting the ecosystem. That is, as an ecosystem changes and is influenced by increasing magnitudes of stresses, genetic
plasticity allows the replacement of a stress-sensitive species with a functionally similar but more stress-resistant species. These more stress-resistant
species function as nature’s ecological “backups.”

How a tree dies is important to the health of the forest because its manner of
death determines the structure of its body (i.e., crumbled snag or whole tree)
as habitat. Structure, in turn, determines the kind of biophysical diversity
hidden within the tree’s decomposing body as ecological processes incorporate
the dead tree into the soil from which the next forest must grow. That trees
become injured and diseased and die is therefore critical to the long-term biophysical health of the forest. This in turn influences the long-term socioeconomic health of humanity, which depends on healthy soils to grow sustainable
forests for all generations. Yet what goes on inside the decomposing body of a
dying or dead tree is the hidden biological and functional diversity that is
totally ignored by economic valuation.19

While there may be two or three separate species with successive levels of stress
resistance, each acting as a backup in maintaining the ecosystem’s overall productivity, they must exist concurrently within the biological community.
Although species that comprise nature’s backups must be protected and
encouraged, human-introduced disturbances (especially fragmentation of
habitat) impose stresses that ecosystems are ill adapted to cope with, such as
fire suppression and clearcut logging.

Every forest is an interdependent, organic whole defined not by the pieces of
its body, but rather by the functional relationships of those pieces in creating
the whole—the intrinsic value of each piece and its complementary function.
These functional relationships are totally ignored in salvage logging.

Not surprisingly, “connectivity” of habitats within a landscape is of prime
importance to the persistence of plants and animals in viable numbers within
their respective habitats—again, a matter of biophysical diversity. In this
sense, the landscape must be considered a mosaic of interconnected patches of
habitats that, in the collective, act as corridors or routes of travel between and
among specific patches of suitable habitats.14

The Ecological Folly of Conventional Salvage Logging
Let’s return for a moment to the Pacific Northwest and consider that the spotted owl preys on the flying squirrel, which depends on truffles for its diet. The
fungus, of which the truffle is a part, is closely associated with large, rotting
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wood on and in the forest floor. The squirrel, the owl, the fungus, and the live
tree all depend on the same, large, decomposing wood.
Conventional salvage logging, which is still practiced, disrupts this interdependent relationship by removing all merchantable dying and dead trees. The
danger of such logging lies primarily in its philosophical underpinnings, which
justify immediate economic considerations to the exclusion of all else. Conventional salvage logging has these immediate consequences:
● Areas in which logging has heretofore been prohibited—i.e., roadless
areas—will likely be opened to roads, thus destroying forever their
integrity as roadless areas.
● Arson fires will probably increase to stimulate salvage sales as a means
of logging as much of the remaining old-growth forest as possible.
● Timber will most likely be salvaged through clearcutting, which is a
drastic biological simplification of a complex forest ecosystem.
● Conventional salvage logging emulates clearcutting—and clearcutting
emulates nothing in nature.
● Conventional exploitive logging is designed to make money, but within
some minimal ecological constraints—those imposed by nature. Con-
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ventional salvage logging is reactive, to keep from losing possible monetary gains, and is thus unplanned, opportunistic, without ecological
constraints.
● Conventional exploitive logging compacts soil and removes a preestablished volume of timber, theoretically within some ecological constraints. Conventional salvage logging involves either the reentry of
logged sites, which further compacts the soil, or the penetration of
heretofore unentered sites, both of which nullify any previous ecological constraints.
● Conventional logging is most often based on what is and is not to be
cut. Conventional salvage logging, on the other hand, inevitably opens
the possibility of individual on-site interpretation and economic rationalization of what to cut—including such things as live “risk trees” or
live “associated trees.” 20

Exploitive forestry practices, now outmoded because we have improved
social-environmental knowledge, began with the idea that forests (considered only as collections of trees) were perpetual economic producers of
wood. With such thinking, it was necessary to convert a tree into an economic commodity before it could be assigned a value.

Conventional salvage logging epitomizes exploitive forestry, which is the
myopic, economic exploitation of trees at the supreme cost of the biophysical
health of the forest as a living system. Exploitive forestry focuses on growing
and cutting trees as rapidly as possible to maximize short-term profits while
minimizing financial investments.

Forests are being decimated the world over because “conversion potential”
dignifies, with a name, the erroneous notion that nonharvested resources have
no intrinsic value and must be converted into money before any value can be
assigned. This notion assumes that anything without monetary value has no
value, and anything with immediate monetary value is wasted if not used by

humans. Unfortunately, the long-term biophysical price for this simplistic,
economic view and the economic expedient of clearcut logging will be paid for
by the generations of the future. The choice is ours as adults. To the children
we bequeath equally the consequences of our wisdom and of our folly. How
shall we choose?

What Legacy Shall We Leave the Children?
The potential for converting trees and other resources (“conversion potential”) into money counts so heavily because the effective horizon in most economic planning is only about five years away. Thus, in linear economic
thinking, any merchantable tree that reinvests its biophysical capital into the
soil is considered an economic waste because it has not immediately been converted into money through human use.
Above: Salvage logging roads affect wildlife such as grizzly bears
and salmon. Grizzlies tend to avoid roads, thereby reducing the
amount of habitat they will use. Roads cause runoff that covers
salmon spawning habitat. Dead trees and snags that fall into rivers
after a fire serve as critical components of ecosystem recovery by
stabilizing stream banks and creating fish habitat.
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PYRO COWS
The Role of Livestock Grazing in Worsening Fire Severity
George Wuerthner

Livestock production has altered fire regimes in many parts of the West. Range fires are
suppressed to reduce loss of livestock forage. Reduction of fine fuels by grazing has interrupted
low-intensity/high-frequency fires. Livestock, by removing grass, free tree seedlings from competition
for nutrients, leading to denser, more fire-prone forest stands. In some instances, livestock actually
increase fire frequency by assisting the spread of highly flammable exotics like cheatgrass.

I

n recent years, large blazes have scorched various regions of the West,
prompting a national debate about fire polices. Congress directed federal
agencies to create a National Fire Plan to address the factors contributing
to rising firefighting costs. Included in the plan are funds for increased firefighting and suppression, homeowner education, and prescribed burning
to reduce fuels, but nowhere in this plan is there anything about reducing one
of the most pervasive causative factors contributing to increased flammability of many western landscapes—livestock grazing.

stock prevented the invasion of meadows and grasslands by trees and reduced
the stocking rates (number of trees per acre) within forest stands. Young
seedlings and saplings of common tree species like juniper and ponderosa pine
are extremely vulnerable to even moderate levels of heat. As a consequence,
low-intensity blazes carried by grasses tend to thin forest stands, resulting in
open, parklike stands dominated by a few widely spaced large trees.8
Livestock grazing is frequently overlooked by agencies, the media, and the
public as a factor in changing forest stand condition and fire regimes. Nevertheless, a substantial body of scientific literature identifies livestock grazing
as a major factor in the alteration of historic fire regimes and as a contributor
to fire hazard.9 Relentless overgrazing in the late 19th century contributed to
the near-elimination of grasslands and severe erosion in many parts of the
West, but particularly in the Southwest. As a consequence, the role of livestock grazing in the alteration of southwestern ecosystems is better documented than in any other part of the West.10

Frequently overlooked, livestock production is a major factor contributing to
fire hazard.1 While climatic and weather conditions, such as extreme drought
and high winds, are the key ingredients in any large blaze,2 past management practices—including logging, fire suppression, and livestock grazing—
have exacerbated the situation by creating densely stocked timber stands
that in some instances are more vulnerable to high-intensity fires.3 Depending
on the ecosystem, and how long livestock have utilized an area, livestock
grazing can either increase fire intensity or reduce fire frequency. In either
case, livestock production is responsible for altering fire regimes from prelivestock conditions. Historically, throughout the lower-elevation forest and
grass ecosystems of the West, fires frequently blazed across the landscape,
consuming grasses and litter and killing smaller trees, but typically only scarring larger-diameter trees.4 However, before this generalization is applied too
widely, it should be noted that high-intensity fires always occurred in some
ecosystems,5 even at lower elevations, though at much lower frequency than
light, low-intensity blazes.6 In addition, there is some concern that climatic
changes make it impossible to tease out the effects of fire suppression from
changes in fire frequency due to climatic conditions.7

Livestock production disrupts natural fire regimes in several ways. First, the
need for animal forage can be a motivation to suppress wildfires in grasslands and other areas where livestock graze.
Second, livestock, by removing grass, free tree seedlings from competition
for water and nutrients. Ultimately this cycle leads to denser tree stands and
the loss of historic parklike conditions. Studies of ungrazed sites in several
ponderosa pine–dominated ecosystems have found that in the absence of livestock grazing, and without any fires at all, stands of ponderosa pine were
open, with a minimum of understory pine seedling establishment.11 For
instance, one study found ponderosa pine stands on the ungrazed Meeks
Table in eastern Washington to be open and parklike, with only 85 small
trees per acre. In contrast, more than 3,291 small trees per acre were counted on nearby grazed Devil’s Table. This difference was observed even though
neither mesa had burned in over 125 years.12

Despite these qualifiers, it is well accepted that the frequent low-intensity fires
that characterized low-elevation areas of the West prior to the advent of live-

Third, fire frequency in sites ungrazed by livestock remained unchanged
throughout the 19th and 20th centuries, while similar grazed sites experienced a steep decline in fire frequency as a result of livestock removal of fine

One of the ways livestock grazing affects fire regimes
is by the removal of fine fuels such as grass.
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fuels like grasses,13 suggesting that livestock grazing was a factor in forest
stand and fire frequency changes.

In another California study, researchers of grasslands found that native
species are better competitors than annuals in the absence of livestock grazing.24 In other words, if native perennials are not stressed, limited by livestock grazing, or otherwise harmed by livestock, they can sustain themselves
on restored California grasslands.

Fourth, many western tree species require bare soil for successful germination. Heavy livestock grazing, by removing the grassy understory of many forest sites and creating the bare disturbed soil sites that favor tree establishment,
leads to greater tree-stocking density.14 Though removal of fine litter by livestock can lead to fewer low-intensity fires, higher tree density can lead to less
frequent but ultimately more intense and more severe blazes.

A study of burned grazed and ungrazed plots in Utah found that while annuals like cheatgrass may increase immediately after a fire, on ungrazed sites
perennial grasses were eventually able to dominate plant cover.25 Thus, at
least on some sites, continued livestock grazing tends to favor the continued
existence of the highly flammable cheatgrass on sites, thus increasing fire
hazard and frequency.

Livestock grazing is also partially responsible for the presumed “invasion” of
juniper in some parts of the West because of grazing-induced fuel reduction
and fire suppression,15 which allows young saplings and trees to become established in the forest, leading to much higher stand density.16 Furthermore, it
has been suggested that trails and trampling of fuels by livestock also create
fire breaks that limit the spread of fires.17

Finally, anecdotal evidence suggests that livestock grazing is not likely to make
a substantial reduction in the occurrence of large blazes, as proponents assert.
Most of the larger blazes in the West occur in drought years. Drought also
reduces the growth of grasses and other fuels.26 And since forage is less abundant but livestock numbers are seldom reduced during drought years, livestock grazing tends to remove a greater percentage of the aboveground
biomass in drought years. If livestock grazing were as effective in reducing fire
hazard as grazing advocates assert, we would expect to see fewer large blazes
and less acreage burned in drought years. But, in fact, quite the opposite is the
case: there is a direct correlation between drought and big-fire years.27

Fifth, as livestock grazing permits a large number of small saplings to become
established, competition for water among existing living trees is increased,
making trees more vulnerable to insects and other pathogens, particularly
during drought.18 Such vulnerability, in turn, sometimes creates greater fuel
loads of dead or dying trees, which then help to carry blazes.
Sixth, in a seeming paradox, livestock can actually increase fire hazard in some
areas by facilitating the spread and persistence of fire-prone and highly
flammable exotic (alien) weedy species like cheatgrass.19

Despite the contribution of livestock grazing to the growing fire hazard in the
West, livestock grazing on public lands continues unabated and is seldom
altered to reduce the incidence or intensity of fires. The role of livestock grazing in changing vegetative communities’ response to fires is just one more
uncounted cost of livestock production in the West.

Are Livestock a Tool to Control Fuels?
Some livestock advocates assert that livestock grazing can be used as a tool
to reduce fuels, particularly the highly flammable cheatgrass, and thus presumably to reduce fire hazard.20 However, unless cheatgrass is grazed to the
ground, grazing alone is not likely to reduce the long-term presence of this
exotic.21 And grazing rangelands to this degree has other serious detrimental
consequences, including loss of hiding cover for wildlife, trampling of soil
crusts, and even the further spread of weedy species by livestock. Rangeland
management specialist Steven Smith, while asserting that “livestock grazing
is an important tool for controlling wildfire,” cautions that “livestock can
have and has had a very detrimental effect on western ecosystems.” What’s
more, the idea that livestock can reduce flashy fuels like cheatgrass is not
supported by the evidence. A review by researchers John Vallentine and
Allan Stevens reported that “grazing is concluded not to be an effective general tool for cheatgrass control.” 22

Given the major ecological and evolutionary influence of fire in most western
ecosystems, and the undisputed negative impacts on natural fire regimes from
livestock grazing, it may be time to terminate livestock production on public
lands. It makes no sense to continue creating conditions that increase fire hazards while we spend billions annually in fighting fires or dealing with the consequences of an ecologically bankrupt policy.

One will find small benches high on the face of precipitous cliffs
which, in spite of poor and dry soil, bear an amazing stand of
grasses simply because they have never been grazed. One even
finds huge blocks of stone at the base of cliffs where a little soil
has gathered on the top of the block and a thrifty stand of
grasses survives simply because livestock could not get at it.

Grazing also tends to increase the very fire-prone species it is supposedly
eliminating, for cattle still prefer to consume native perennials over exotic
annuals like cheatgrass. Over time, continued livestock grazing weakens
and /or harms native perennials, making it difficult for them to outcompete
exotics. In a recent Conservation Biology article, ecologists Sarah Kimball
and Paula Schiffman note that alien annual species in California can compensate for herbivory and regrow after being clipped, while the native species
are harmed by clipping. They concluded, “In the grassland we studied, the
strategy of livestock grazing for restoration is counterproductive. It harms
native species and promotes alien plant growth.” 23

—Aldo Leopold, 1924

Meeks Table, eastern Washington. Ungrazed by livestock, this ponderosa
pine forest has widely spaced mature trees with a thick ground cover of
grasses that prevents the establishment of young trees in the understory.
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INTRODUCTION
The Flawed Economics of Fire Suppression

W

ildfire has become the new gravy train for federal agencies and the
many private contractors who increasingly supply the equipment
and human resources needed to suppress a blaze. Many agencies
and companies have a financial stake in maintaining the public’s fear of fire,
and in creating policies that support a fire-military-industrial complex to
fight wildfires. Other interest groups support the gravy train indirectly
through loopholes and poor planning practices. For example, when a land
developer subdivides rural land and allows the construction of homes in the
midst of fire-prone landscapes, then turns around and requests redevelopment aid from the government after a fire, the developer is in effect sitting on
the gravy train as well—benefiting from the public funds that are used to
support and protect a poorly situated development.

fighting, thinning, or postfire salvage logging on public lands make little commercial sense. Furthermore, if the environmental costs were also given some
validity and consideration, the true economic price of these activities would
make them impractical and economically unsustainable.

No matter who is involved, many benefit from the rising cost of fire suppression. However, as with a real war, it is seen as unpatriotic to question expenditures on the troops, and few politicians are going to tell agencies to save
money and to stop fighting fires. The problem is, fires are often uncontrollable unless the weather changes. One might as well be throwing money out
the window for all the good fire suppression efforts have on the final outcome.
Yet it is easy to understand why so few question these expenditures. How do
you explain to a homeowner whose house is about to be engulfed in flames
that trying to stop the blaze is pointless? Many in the firefighting community
know their puny efforts are meaningless, but it is perceived as important to
make the attempt, no matter how futile. Less money would be spent, by land
use planners and firefighting agencies alike, by avoiding construction in fireprone areas and by teaching homeowners about defending their homes from
a fire. There needs to be a shift in how we live with fire, and this section
explains the many ways in which we can save costs and risk fewer lives by
challenging the system of the fire-military-industrial complex.

Many vested interests that provide the food, showers, clothes, and equipment
it takes to run a fire campaign often make more money than the firefighters on
the front lines who are taking the risks. As Timothy Ingalsbee writes in his
essay, fire suppression is analogous to a military invasion, with its “army” of
firefighters, supporting equipment, and infrastructure. As in a war, no one
questions spending money like a drunken sailor when there’s an emergency.
There are many costs that go beyond paying the wages of those on the “front
lines.” Fire camps must be set up to lay siege, and all sorts of people are hired,
from the cooks and purchasing agents who buy supplies, to the nurses who
run on-site clinics, to the erection and maintenance of electrical generation
and communication centers. Ingalsbee exposes the philosophical /economic/
policy motivations that have created a fire-military-industrial complex and
how these incentives have spawned a class of fire-dependent agencies and private contractors who exploit fires to maintain budgets and profits.

Randal O’Toole provides an account of the perverse incentives that drive federal agencies like the Forest Service. Because of shifts in public priorities—a
decline in logging and grazing due to ecological concerns—agencies have had
to seek other missions and funding opportunities. As O’Toole points out, fire
has become the new gravy train for these agencies. Conversely, he argues that
while money for fire suppression is nearly unlimited, activities that would
reduce fire hazards, such as prescribed burning, are woefully underfunded.

As with many other environmental issues, if the actual cost of manipulation and control were fully accounted for, learning to live safely with nature
rather than fighting against nature would prove to be the most economical
approach, and the least environmentally destructive one as well. Until fire
policy is changed to remove the incentives that support the fire-militaryindustrial complex, we will continue to see the gravy train chugging along
toward the next fire.

Thomas Power takes on the economic rationalizations often cited by proponents of commercial logging and firefighting agencies to justify their actions.
A common retort from these interest groups is that we will “lose” valuable
timber to fires or that we will “lose” forest industry jobs if trees are allowed to
burn or to go uncut. Power argues that nearly all proposals related to fire-

200–201: Helicopter in front of smoke cloud, Burgdorf Fire,
Burgdorf, Idaho, 2000.
Opposite: Spot fire, Darby Knob, Calaveras County, northern
California, 2001. Wildfire suppression currently costs taxpayers
billions of dollars each year.
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AVOIDING A NEW “CONSPIRACY OF OPTIMISM”
The Economics of Forest Fuel Reduction Strategies
Thomas Michael Power, Ph.D.

Between 1945 and 1990, federal timber harvests quadrupled, supported by a “conspiracy of optimism”
built around a faith that harvests were good for the forests and economically profitable.
Instead we got widespread ecological disruption and massive economic losses. As a result, federal
timber harvests fell back to 1945 levels. Are new proposals for massive, landscape-scale
removal of wood fiber from our national forests in the name of “hazardous forest fuel reduction”
and “forest health” a new “conspiracy of optimism”?

F

Thomas Michael Power is professor of economics and chairman of the
Economics Department at the University of Montana. He specializes in
natural resource and regional economic development issues and is the author
of several books, including Post-Cowboy Economics: Pay and Prosperity in
the New American West (2001), Lost Landscapes and Failed Economies:
The Search for a Value of Place (1996), and Environmental Protection
and Economic Well-Being: The Economic Pursuit of Quality (1996).

or at least 30 years, citizens, academics, and environmental groups have
struggled to get the full range of values associated with our public lands
reflected in land management decisions. Many people perceived that
since the 1950s, commercial values had come to dominate public land management priorities and decisions. Wildlife, watersheds, fisheries, biological
diversity, recreation, and scenic beauty were being seriously damaged by commercial timber harvests and livestock grazing, which often lost money when
all of the costs associated with them were taken into account.1

To an economist these broad-ranging environmental losses in the pursuit of
money-losing commercial ventures appeared to be a classic case of the misallocation of scarce resources. Low-value resources were favored by agency
management at the expense of uses with much higher economic and social
value. In short, the existing pattern of public land use represented pure economic waste: many, if not most, timber sales and grazing leases could not
be justified even in commercial terms because their costs exceeded the value
of the raw materials harvested. In addition to that out-of-pocket net loss
there were also the costs of the massive environmental damage associated
with logging and livestock grazing.2
As the economies of the communities adjacent to national forests shifted away
from dependence on timber harvests and livestock production toward the natural amenities associated with those natural landscapes and the recreation
they supported, the political pressure on federal land management agencies to
change their priorities increased. A coalition of fiscal conservatives and environmentally concerned citizens pressured Congress to end money-losing commercial uses of public lands that were damaging the environment. As a result
of these economic and political changes, national forest timber harvests, which
had reached peak levels in 1988–1989, declined dramatically in the 1990s.
Authorized grazing levels on public lands also began to decline.
Critics of the reduction of timber harvests in our national forests have used
the extensive wildfires of the late 1990s and early 2000s to argue that commercial timber harvests are necessary to control fuels in our public forests
and to prevent catastrophic wildfires. They argue that the “environmental”

Burning house in Idaho. Unwisely constructing homes in fire-prone
ecosystems creates a demand for costly fire suppression.
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policies now dominating forest management are naive since they are built
around the concept of a “natural forest” that will take care of itself if only
humans would leave it alone. Those who support very active timber management of our public forests insist that active human intervention is now necessary, both because of past policies such as fire suppression and because of
the values our citizens expect forests to produce, including residential homesites, recreation, and big-game hunting, as well as wood fiber production.
They assert that passive management allowing “natural forests” to slowly
emerge will lead to catastrophic wildfires that will do permanent damage to
almost all forest values and render large parts of the western United States
unsafe for human habitation.

The more sophisticated case for widespread forest fuel reduction programs
on public lands is built around the idea that these public forestlands are ecologically “unhealthy” in the sense of having developed much higher volumes
of flammable vegetation than naturally would have been the case. The contrast is often made between the parklike forests of the past, with widely
spaced, very large trees, and the tangled mix of brush and tightly spaced
small-diameter trees that we now have.
Human safety, economic, and ecological arguments have all been mobilized
to justify extensive vegetative manipulation of federal forest- and rangelands to reduce the risk of catastrophic wildfire. The economic logic of such a
widespread modification of our public lands to control wildfire is, however, anything but clear.

Similar arguments have been made about the “need” to have livestock continue to graze on public lands. Without livestock use, we are told, those rangelands will deteriorate in ways that threaten the natural environment and
the habitability of the West.3 These claims about the need for intensive
human uses of natural landscapes represent a powerful counterattack on
the direction that public forestland and grassland management had been
taking throughout the 1990s and on significant elements of the foundation
of modern environmentalism.

The Potential Scale of Fuel Reduction Strategies
From a coarse review of the vegetative fuel buildup across much of the nation’s
natural landscapes, federal land management officials estimated in 2004 that
190 million acres of federal land were at increased risk for “extreme” wildfires.5 For federal forestland, about two-thirds, or 139 million acres, were said
to be at moderate to high risk of catastrophic fire. Figures such as these are
based on an estimation of how many cycles of natural wildfire have been
missed on any particular type of natural landscape because of fire suppression
or other unnatural circumstances.

Controlling Wildfire: The Case for Fuel Reduction Strategies
Beginning in the late 1990s, the extent of wildfires across the United States
appears to have increased significantly as compared with the previous 40
years. Although there had been earlier peak fire years, such as 1988, the frequency of heavy wildfire years appeared to increase at the end of the 1990s
and in the early part of the first decade of the 21st century.

If private lands are included, estimates of acreages of fire-prone lands are
much larger. Roughly 622 million acres of private and public grasslands,
scrublands, and forestlands are at “moderate” or “high” risk of catastrophic
fire. Almost 400 million acres of private and public forestland fall into these
risk categories.6 These figures represent huge areas of the nation. The 622 million acres of private and public land represent almost half of the entire natural
landscape in the United States. The 400 million acres of private and public
forestland represent almost 60 percent of all of the nation’s forestlands. Public
programs to reduce the threat of catastrophic wildfire on these lands to the
“low” category would require human manipulation of vegetation across much
of the nation’s natural landscapes.

In addition, wildfires began to receive much more public attention, largely
because more and more people were living within or adjacent to forestlands.
Residential settlement patterns in the 1990s often involved homesites in
“wild” or “natural” settings. Entire subdivisions were built in forest, scrub,
or desert landscapes. With the outbreak of wildfire, these residents, homes,
and communities were at risk. In 2003, for instance, numerous wildfires
burned on the outskirts of Missoula, Montana, an urban area of about
100,000 people. That same year, Kelowna, British Columbia, a city of similar size, was also threatened for two weeks by wildfire burning on its periphery. The heroic efforts of firefighters across the nation to protect people,
homes, and communities captured the attention of the news media.

A fuel reduction effort of this scale would represent a dramatic expansion in
such activities. In 2000–2003, the federal government financed fuel reduction activities on 2 to 3 million acres of federal land.7 At that rate, it would
take a century or two to treat all of the 622 million acres of public and private acres said to be at risk. Alternatively, fuel control efforts would have to
be expanded 10- to 20-fold to treat all of these lands within the next two
decades. Such landscapewide vegetative manipulation over such a brief
period would represent one of the most ambitious environmental modifications ever undertaken by humanity. The cost of such an effort, both environmental and economic, and the expected benefits certainly should be
considered before such a heroic effort is undertaken.

Other concerns are also driving efforts to reduce the fuels that feed wildfires.
During the 1990s, the commercial harvest of timber from national forestlands
declined by three-quarters, from 10.5 to 2.5 billion board feet.4 The forest
products industry and communities that had previously depended on these
federal timber harvests have objected strenuously to their loss of access to this
federal source of wood fiber. Considerable political pressure has been placed
on the U.S. Forest Service to boost its commercial timber harvests back toward
previous levels. In the public debate over commercial timber harvest on public
lands, wildfire control and fuel reduction issues have been mixed in. Some
believe that timber harvest reduces the flammability of forests. Others see
commercial timber harvest as a way of funding the removal of noncommercial
forest fuels such as brush and small trees. Still others simply believe that
allowing commercially valuable trees to burn in wildfires is a terrible economic waste and that those large trees should be harvested before they burn.

Reasons to Be Cautious About Ambitious Forest Management Plans
The management of our federal forestlands has been guided by shifting public
policies. For the first half-century following the establishment of the Forest
Service in 1905, the role of the agency was largely custodial, protecting the
national forests from illegal commercial uses, controlling wildfires and insect
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infestations, and maintaining some of the more important environmental services provided by those forests, such as watersheds, wildlife, and fisheries.
After World War II, the Forest Service shifted to a more aggressive commercial
timber harvest program. One of the objectives of this program was to help
meet the pent-up demand for housing following the deprivations of the Great
Depression and the war. A substantial flow of commercial timber from the
national forests would help to keep the cost of housing low and affordable to a
broader cross-section of Americans.

lems that forest thinning is supposed to solve originally developed. It was not
“natural forest gone wild” that caused present abnormal forest fuel buildups.
Conscious forest management decisions, supposedly supported by careful science, led to current anomalies. Initiating the problems, commercial timber
harvest removed the overstory of trees, opening the canopy to allow the understory of vegetation to “bloom,” including dense regrowth of trees. In addition,
the timber harvest produced large quantities of highly combustible waste
woody material. With the land open to sun and wind, forest fuels could dry
out rapidly and become highly flammable.

Commercial harvests on federal lands rose dramatically, peaking amid considerable environmental controversy in the late 1960s. That controversy led to
some declines in timber harvest during the 1970s as new environmental laws
and regulations were put in place. High interest rates and back-to-back recessions in the late 1970s and early 1980s led to a sharp decline in the demand
for federal timber. By the late 1980s, however, federal timber harvest had
reached a peak that was again surrounded by considerable environmental controversy. Since then, however, federal timber harvests have fallen to a quarter
of their 1988 peak as federal land management agencies have wrestled with
an increasingly complex set of environmental constraints.

Commercial livestock grazing also played a role, for the livestock consumed
the grasses and forbs that had previously provided light fuels for frequent
ground fires.10 The grasses and forbs were then replaced by woody plants that
provide ladder fuels, thus increasing the potential for ground fires to burn hotter and quickly move into the forest canopy. Finally, in some lower-elevation
forests, fire suppression policies to protect commercially valuable timber have
also contributed to changes from historical conditions. The frequent light
ground fires that eliminated fuel buildup were eliminated as a matter of policy, making those forests more vulnerable to hot, stand-replacing fires.

The explosive growth and then collapse of federal timber harvest programs
were energized by what environmental historian Paul Hirt has called a “conspiracy of optimism.” 8 Despite being constrained by federal laws requiring
that national forests be managed for a variety of “multiple uses”—including
commercial and noncommercial environmental objectives—the Forest Service
acted on the assumption that none of these multiple objectives were in conflict
with each other. This led to what forest economist Randal O’Toole has labeled
the “multiple-use clearcut”—huge swaths of stripped forestland that the
Forest Service and its timber industry allies insisted not only supported a
profitable commercial forest products industry but also stabilized local communities, improved wildlife habitat, increased water production, expanded
recreational opportunities, and increased biodiversity.9 All of these multiple
uses were imagined to be compatible with one another so that no trade-offs
need be considered. This mentality led to the implementation of forest plans
that involved extremely ambitious timber harvest programs.

The point is that it was human intervention and vegetative manipulation, supposedly backed by “the best science,” that got us into the current “forest health
crisis.” Now the same agency that created the problem is confidently promoting
a solution that again involves massive vegetative manipulation and widespread
harvest of trees. This new program is also said to be supported by the “best science.” If some observers have a feeling of déjà vu and see a new “conspiracy of
optimism,” it may be understandable. Unfortunately, instead of being comforted by a cautiousness born of past forest management errors, we now find primarily a renewed enthusiasm for grand landscapewide experiments.
The Limits of Enthusiasm and the Lack of Empirical Data
While it is easy to show that some lower-elevation forests currently have tree
densities that are way beyond historical conditions,11 the parklike model of
the “ideal forest” has limited applicability. Many forested landscapes never
were open forests that experienced frequent light fires. Instead, much of the
forested landscape experienced either fires of mixed intensity that left a complex mosaic of heavily burned and lightly burned areas, or infrequent intense
fires that killed most of the trees. Much of the latter type of landscape burned
only once every 100 to 300 years. Because of the historical infrequency of
such intense burns, these lands have not been pushed out of their historical
range of conditions. These lands are densely stocked, and fires will burn very
hot, killing all of the trees at some point in the future, but that is the natural
pattern. Forest health is not synonymous with preventing wildfires. Healthy
forests burn, sometimes catastrophically. Thus natural forest restoration
efforts must be distinguished from forest fuel reduction and fire prevention
efforts. The two are not at all the same and should not be run together. It
is still more of an error to treat commercial timber harvest as a hazardous
fuel reduction strategy.

Of course, there were very real trade-offs that optimism could not make go
away. The courts and the American public became increasingly critical of the
damage being done to these public forestlands, and that backlash led to the
near-complete abandonment of commercial timber harvest on federal lands in
the 1990s and first half of the first decade of the 21st century.
Interestingly, after being forced to abandon one aggressive landscapewide vegetative management plan—i.e., managing public lands primarily for commercial timber harvest—the U.S. Forest Service is now enthusiastically embracing
a new landscapewide vegetative management plan under a variety of rubrics:
“hazardous fuels management,” “healthy forests,” and “ecosystem management.” We are again being told that timber harvest is compatible with pursuing or protecting most of the other important forest values: fire reduction,
community stability, conserving valuable natural resources such as community watersheds and commercially valuable trees, restoring forests to natural
conditions, avoiding environmental damage, and so forth.

These distinctions are being made by the Forest Service as it sets its priorities
for the expenditure of forest fuel reduction funds, but there has been intense
political pressure to ignore these distinctions and to use fuel reduction objectives to justify timber harvest in remote roadless areas. For instance, in each
of the congressional debates over funding of forest fuel reduction, one of the

In evaluating today’s confident assertions about why aggressive human manipulation of natural systems is necessary, we should recall how the forest prob-

207

Wildfire_Pt5_p200-231_FINAL

3/7/06

4:43 PM

Page 208

most contentious issues has been the allocation of those dollars between the
wildland-urban interface and relatively remote forestlands.
We actually know very little about how changes in forest structure in particular settings affect fire behavior and fire damage. In a report to the federal Joint
Fire Science Program, two of the nation’s leading fire scientists put it this way:
“Evidence of fuel treatment efficacy for reducing wildfire damages is largely
restricted to anecdotal observations and simulations, and easily dismissed by
skeptics. The lack of empirical assessment of fuel treatment performance has
become conspicuous.” 12 The lack of empirical data is not surprising, since it
is hard to conduct laboratory experiments with full-blown forest fires. Most of
the current proposals for hazardous fuel reduction are tied to computer modeling rather than to empirical analysis of how actual wildfires responded to
different fuel treatments. The computer models, like all such models, whether
in macroeconomics or weather analysis or other complex systems, are calibrated on the basis of a variety of previous research and informed assumptions. But this type of analysis is still modeling and simulation. Just as
economic and weather forecasters rarely get it right, we cannot act as if these
wildfire fuel management models represent entirely reliable “scientific fact.”

any particular location. That is not to say that we do not know anything. But
the range of uncertainty about what is appropriate from a historical point of
view, what is necessary from the point of view of the fire control level we seek,
and what the impacts of those treatments will be on other natural system values is so great at this point that we have an obligation to proceed cautiously
with a profound sense of humility. We must recognize that there will be significant costs, both monetary and environmental, associated with the steps we
take and that we will often be wrong in our judgments. That is not an excuse
for inaction, simply a commonsense warning to not get lured into another
wave of destructive enthusiasm and naive optimism.

the natural systems. Actions to reduce the threat of wildfire damage here are
unlikely to raise the same environmental issues that would be raised in the
wild backcountry, where the preservation of wilderness qualities is important.
Agreement on appropriate actions should be easier to reach in the humandominated landscapes we inhabit.

Protecting People and Property

In focusing our initial efforts on the wildland-urban interface, the following
points should be kept in mind:

The federal government’s top priority for wildfire control is protecting people
and communities. This priority is the source of the drama that plays itself out
in the media each fire season: firefighters heroically trying to turn fires away
from homes and towns, people being evacuated as walls of flames and smoke
move toward their homes, distraught residents returning to find their homes
and most of their belongings destroyed, and the trauma of young people losing their lives trying to control an overwhelming natural force. The enormous
resources that go into protecting individual homes and subdivisions on
flammable natural landscapes reflect the high priority placed on people and
property by the government agencies directing the fire control efforts.

Forest fire scientists are just beginning to build an empirical base derived from
actual wildfire response to fuel management prescriptions. It will take many
years of empirical analysis and hypothesis testing in a wide variety of different
habitats and different weather conditions before we will be able to confidently
predict what type of fuels treatment will actually have the desired effect in

Left to right: Fire in the wildland-urban interface, Hayman Fire, Colorado,
2002; logging truck in the Northwest; house destroyed by Malibu fires,
1993; clearcut, Gifford Pinchot National Forest, Washington.
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Third, in these areas it is clear who the direct beneficiaries of wildfire protection are. We can expect (even demand) cooperation from those immediately at
risk in protecting their own lives and property rather than simply dipping into
the federal government’s deep pockets.

Fire scientists have been studying how wildfires lead to home ignition for quite
some time. They experiment with the flammability of home structural components immediately adjacent to burning forests. They also analyze why some
homes burn while adjacent structures do not. Finally, they study in detail just
how homes ignite in flames. The results of this fire science research are important in designing policies to minimize the damage done by wildfire.

● Homes and communities cannot be protected by thinning distant forests.
● Public policy should encourage homeowners to take responsibility for
their own location decisions.
● Public officials should work with insurance companies to get homeowner incentives right.

Stated bluntly, forest fires by themselves rarely burn homes. The intense radiant heat from wildfire flames is not usually the source of home ignition.
Instead, wildfire reaches homes by traveling along the ground—using fuels
that the homeowner has either planted or allowed to accumulate there—or is
carried by firebrands to flammable roofs, pine needles in rain gutters, or even
through open windows.13 If homes are constructed with appropriate materials,
if dense tree stands are not immediately adjacent to the home, if the grounds
and home are maintained to reduce ground and ladder fuels, and if there is
water available to keep the home and surroundings moist, the wildfire will
pass the house by, leaving it relatively undamaged.

why thinning distant forests cannot protect homes

First, a strategic focus on the highest-priority areas can keep resources from
being diverted to questionable objectives.

When a home is lost as wildfire moves through forests and grasslands, it is not
surprising that we blame that loss on the fire. After all, wildfires usually originate at sites far removed from our homes, and it is the forests and grasslands
that bring the fire to our homes. But home loss to wildfire is not some random
act of God or simply the result of inappropriate forest management policy. Not
all homes confronted by wildfire burn; only some do. It is important to understand what it is about homes and homesites that leads to these disparate outcomes. In addition, forest fires cannot burn homes that are not built in
fire-prone forests.

Second, in these largely human-dominated landscapes, heavy human presence and the human activities associated with it have significantly changed

The issues here are similar to those associated with homes built on a river’s
floodplain or in earthquake-prone areas. Since it is the homeowner who

A rational public policy aimed at pursuing our highest-priority wildfire objectives should begin with the landscapes that people currently inhabit. Beginning fire control efforts here has several advantages.

decides where to build the home, how to construct it, and how to maintain it
in a way that minimizes the damage from such expected and natural events,
those private decisions have to be considered in setting public policy. Public
policy that ignores the importance of the private decisions that often determine the human consequences of natural events risks reinforcing irrational
private decisions and creating a perverse incentive system. The expected outcome from such an arrangement is much higher total costs associated with
preparing for, coping with, and recovering from natural “disasters.”

At Los Alamos, New Mexico, for instance, during the 2000 fire season, the
tragic home loss was not due to flaming trees adjacent to homes torching those
homes. Although forests surrounding Los Alamos did burn, as the fire hit the
residential areas, in general, it became a ground fire, following surface fuels,
when available, to the homes and then igniting them when there were
flammable materials immediately adjacent to or on the homes.14 In residential
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neighborhoods that forest fires supposedly destroyed, it is startling to see
burned-out homes surrounded by healthy green conifer trees.

ment. The greater the wildfire risk because of the character of the surrounding
vegetation or the steepness of slope, the more stringent are the requirements.
On some locations—for instance, on very steep slopes where fire can spread
very rapidly—building is simply banned.

An important forest policy implication follows from these fire science results.
Efforts to protect homes and communities from wildfire by mechanically
removing fuels from surrounding forests are likely to be ineffective. If the
forests are thinned but homeowners do not manage their homesites and
homes to reduce the chance of ignition, the homes will still be at risk. Winds
can carry firebrands even from relatively light wildfires for very long distances, literally miles. When they fall on fuel-loaded homesites, homes will
ignite even though the wildfires in the surrounding forest are not threatening
the trees. On the other hand, if homeowners do build and maintain their
homes and homesites to reduce the threat from ground fires and firebrands,
the surrounding forest does not need to be thinned except in the immediate
vicinity of the home (e.g., 30 to 120 feet). There may be other reasons besides
home safety to thin forests extensively, such as allowing the remaining trees
to grow larger or providing more wildlife habitat, but extensive thinning is
not necessary for home safety.15

In other local areas, fire departments, supported by state and local regulations, have imposed fire standards, especially for new developments in areas
at high risk of wildfire. Several states have developed model ordinances for
local governments to incorporate into their zoning and land use ordinances.
The general idea is to get those who choose to live in areas where wildfire is a
regular part of the natural environment to take on a major share of the costs
of effectively coping with that danger rather than shifting that cost to others
at the time of an emergency.

homeowner insurance incentives
for reducing wildfire hazard
Insurance companies and local firefighting units have roles to play in improving the rationality of private decisions that have significant social consequences. If insurance companies required regular certification by local fire
departments that residential structures were in fact defensible in the event of
wildfires, mortgage holders would automatically apply considerable pressure
on homeowners to appropriately maintain their property for the forest, scrublands, or grasslands location they inhabit. Insurance companies, mortgage
lenders, and local fire departments can also contribute significantly in terms
of education and enforcement. Regular inspections of homes in fire-prone
areas by local fire officials would alert homeowners, firefighters, insurance
companies, and mortgage holders to growing fuel problems at the homesite or
home maintenance problems that increase the likelihood of a home’s igniting
when a wildfire is near. Homeowners, of course, would be responsible for paying for such inspections and certification, either directly through their fire protection taxes or indirectly through their insurance rates.

the responsibility of homeowners for location decisions
During the 2000 fire season, frustrated by all of the resources dedicated to
saving homes that otherwise could have been deployed to reduce the damage
to public natural resources, Montana governor Marc Racicot raised the question of homeowner responsibility for choosing to live in harm’s way. He admitted, of course, that trying to regulate home location and characteristics
that influence the likelihood of home ignition raised difficult property rights
questions, especially for a Republican like himself.16 But these are not new
questions. Almost all of us build our homes subject to local and state building
codes that enforce certain fire and safety standards. People may or may not be
able to build on a floodplain; if they can, the house and sewage system have to
meet certain standards. All buildings in earthquake-prone areas have to meet
earthquake codes. Coastal states have hurricane construction standards.

Insurance companies have already begun to do exactly this. State Farm Insurance Company has begun implementing a new program to reduce the potential for future financial losses in some areas of the West with high wildfire
hazard. Policy owners in the states of Arizona, Nevada, New Mexico, Utah,
Colorado, and Wyoming are affected. State Farm will begin inspecting homes
in high-risk areas to identify steps that need to be taken to reduce wildfire
hazard and has hired a private firm to work with state forestry and fire control
agencies in training workers to carry out these inspections.

Several states have adopted regulations aimed at requiring homeowners in
areas at high risk for wildfire to take responsibility to reduce the likelihood
that a wildfire will ignite their homes or travel across their homesites to neighboring residential areas. California and Oregon, for instance, have adopted
statewide regulations for at-risk areas that require firebreaks to be constructed around homes and maintained so that wildfire cannot move through trees
or along the ground to reach the home. In addition, roofs, gutters, decks, and
areas under decks and houses must be kept free of flammable materials. In
Oregon, these requirements are being phased in over several years, beginning
with counties deemed to be at highest risk for wildfires.17

After the inspections, State Farm will inform homeowners of the steps that
need to be taken to reduce the wildfire hazard, provide a specified time period
within which corrective measures must be taken, and then reinspect the homesite. For homesites with very serious wildfire hazard problems, the homeowner will be required to work with local fire control agencies to develop a
correction strategy. If homeowners choose not to adopt the recommended measures, their insurance is likely to be canceled.

Counties and cities in wildfire-prone areas are beginning to adopt similar codes
to increase the survivability of homes. Some local governments in California,
Colorado, Florida, Idaho, Montana, New Mexico, Utah, and Washington have
acted to hold homeowners responsible for making their homes and homesites
more resistant to wildfire. In Summit County, Colorado, for instance, those
who wish to build in forested areas must use fire-resistant materials, install
sprinklers, cut back trees, and keep enough water on hand in large cisterns to
douse an out-of-control blaze. In Orange County in southern California and in
the Sun Valley area of Idaho, similar codes to protect homes against wildfire
damage have been adopted. In subdivisions, wider streets are required as firebreaks and to allow easier escape for residents and easier access for fire equip-

The state of California has acted to encourage all insurance companies to distinguish homesites whose character and maintenance increase the wildfire
hazard. The requirements for lower insurance rates in higher-risk areas
include creating and maintaining defensible spaces around structures, such as
the removal of brush and other flammable vegetation to a minimum of 200 to
300 feet. In addition, homes must be maintained to reduce the risk of ignition
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from wildfire. Homeowners who do not follow these requirements face significantly higher insurance rates.18 Basing insurance rates on actual risk provides
homeowners with an incentive to choose their homesites more responsibly and
then to maintain them to reduce wildfire hazards.

Clearly the current level of forest fuels reduction will not be sufficient to
“treat” all of the lands judged to have hazardous fuel accumulations. At 2.5
million acres a year, it would take 76 years to treat all 190 million federal
acres at moderate or high risk of extreme forest fires. Well before the end of
that period, previously treated acres would again be at risk. Then there are
the other 430 million acres of nonfederal, largely private, lands at moderate to high risk. If all lands with hazardous accumulations of fuels are to be
treated in the near future, a dramatically expanded effort will be necessary.
The question is, What would that cost?

•••
None of these new requirements will sit well with many rural residents. They
are used to doing things as they please and to being left alone. But when the
fires rage, they are not left alone. Firefighting personnel and equipment camp
out at their doorsteps, waiting to risk their lives to protect those homes. In
addition, huge expenditures are made to try to guide the fire away from areas
of human habitation. Federal and state taxpayers pick up the tab. Similarly,
the federal government and its taxpayers would have to pick up the tab if the
proposals to “fireproof” most of the forested landscape were pursued. Because
there are public costs incurred partially because of private decisions, those
decisions cannot be treated as entirely a private matter.

We cannot use the recent fuel reduction expenditures per acre to estimate that
cost, for several reasons. First, half or more of recent fuel control expenditures
have been associated with maintenance programs carried out in the southeastern United States. These decades-old programs aim at keeping hazardous
fuel levels from developing by treating each acre every three to five years.
Because hazardous fuel levels have not been allowed to develop, the costs of
annual treatment are quite low, although these lands must be regularly treated because the warm, moist climate of the Southeast causes rapid regrowth of
fuels.22 In addition, as the General Accounting Office, the investigative arm of
Congress, has repeatedly pointed out, federal land managers have as their fuel
reduction objective to treat as many acres as possible.23 As a result, their focus
is not on treating the highest-risk areas or the highest-priority areas. Instead,
low-cost areas are pursued to allow a larger number of acres to be reported as
treated. If hazardous fuel reduction efforts were focused on high-priority
areas, the costs would likely be quite different.

Some change in federal law may be required to encourage responsible behavior by individual homeowners. In the past, the federal government has taken
on the responsibility of keeping wildfires that originate on federal land from
crossing onto and damaging nonfederal land. Wildfires originating on federal
land have implicitly been made the responsibility of federal land managers.
This assumption of responsibility for all home losses that can be associated
with fires that originate on federal land is unreasonable and encourages
passive and irresponsible behavior by other landowners. Congress needs to
indicate clearly that wildfires are natural events like floods or hurricanes.
Wildfires serve natural functions that are important to maintaining healthy
forests, scrublands, and grasslands. For that reason, federal agencies should
not be required to extinguish all wildfires, even wildfires that may cross onto
nonfederal property. Just as upstream landowners cannot be held responsible
for floods that partially develop upstream and then travel downstream, the
same is true of wildfire. All landowners who choose to inhabit natural areas
must individually shoulder responsibility for protecting themselves from the
natural dangers inherent in their location decisions.

U.S. Forest Service researchers have made several attempts to estimate that
cost by using a combination of forest and fire modeling and past fuel reduction costs. Although the results have to be considered preliminary until cost
data associated with actual implementation have accumulated, this research
indicates that the cost of landscapewide hazardous fuel reduction would be
very high. One study of a 28-million-acre swath of forestland stretching from
the Columbia River across central Oregon into northern California estimated
that a fuel reduction program that attempted to maximize the amount of forest fuels removed from lands at high risk to catastrophic wildfire would cost
about $1,700 per acre. In contrast, $1,300 per acre in net revenue would be
generated if the focus were on commercial logging. That is a $3,000-per-acre
difference in the net cost of these two different “treatments.” 24

The Economic Costs and Benefits of Forest Fuel Management
It may be physically possible to manage our forestlands to minimize the possibility of large, hot, stand-replacing wildfires. A key question, however, is,
What would such wildfire control cost—in terms of money and in terms of
other forest values that might have to be sacrificed—and how would those
costs compare with the benefits of such an effort?

In a more detailed analysis of Oregon’s 4.6-million-acre Klamath ecoregion
portion of the larger study area, the cost results were similar, but little of
the total acreage could be treated without incurring very high costs. If fuel
reduction measures had to pay for themselves, only 3 to 4 percent of the acres
could be treated. If net revenues from some acres could cover the costs of
more costly acres, 10 to 20 percent of the acres open to treatment could have
fuels reduced. If the objective were to maximize the volume of fuels removed,
the costs would be $1,800 per acre, and 59 percent of the land would be treated. If the objective were to maximize the number of acres treated, the cost
would be about $1,000 per acre, and 65 percent of the acres would be treated. If the objective were to maximize net revenues by removing the commercially valuable materials, 10 percent of the area would be “treated,” generating $1,300 in net revenue per acre.25

the dollar costs of forest fuel reduction
As discussed above, federal agencies estimate that 190 million acres of federal forestlands and rangelands are threatened with “unnaturally extreme
fires” because of the levels of fuels that have accumulated on them.19 If
the 430 million acres of private lands threatened in the same way are included, more than three times that amount—622 million acres—would be similarly classified.20 In 2001–2004, the Forest Service and the Bureau of Land
Management engaged in fuel reduction activities on an average of about 2.5
million acres a year.21 The Healthy Forest Restoration Act of 2003 authorized
fuel reduction treatment on a cumulative total of 20 million acres of federal
land. It appropriated $760 million for the first year of that effort in 2004.

These results suggest that a commitment to reducing forest fuels across much
of the landscape could be enormously expensive. Even at $1,000 per acre,
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treating 190 million federal acres would cost $190 billion; treating all
622 million acres of private and public land with dangerous fuel accumulations would cost $622 billion. In contrast, the 2004 annual appropriation
for hazardous fuel reduction associated with the Healthy Forest Restoration
Act was $760 million.

ever, they may be unacceptable. In that situation, fire control may trump, preventing fire from proceeding as a natural process. It is possible, however, that
after homes and forestlands have been modified to reduce the likelihood of
home- and forest-threatening fires, light ground fires could be used to maintain that low-risk forested landscape while pursuing the fire control objective.

an economically rational response to hazardous fuels buildup
Of course, these high costs simply demonstrate that the nation cannot afford
to treat all lands having accumulations of fuel that could feed wildfires. Such
a blanket landscapewide policy makes neither economic nor ecological sense.
Fortunately, when we look in more detail at what we are trying to accomplish
and what the economic and ecological opportunities are, we see considerable
opportunity to protect both our communities and our forests and rangelands.

More important, commercial timber harvest is not a wildfire control strategy.
From a commercial timber point of view, the largest and most fire-resistant
trees are the biomass to be removed. In the process of extracting those large
trees, efforts would be made to minimize the associated costs, including those
associated with the disposal of the very flammable noncommercial wood fiber
waste, the slash. If the area is replanted or allowed to regenerate, the commercially optimal spacing of the new trees is likely to be much closer than fire
control advocates would recommend.

First, all acres of land with accumulations of fuels are not equally threatening to communities and property. The focus should be on the wildland-urban
interface. Second, all lands with fuel accumulations are not in an ecologically unhealthy condition. Fuel accumulations and wildfires are a natural and
productive part of forest and rangeland environments. Third, the net costs
of hazardous fuel reduction vary from one site to another depending on a
host of conditions: the mix of merchantable and nonmerchantable material,
the steepness and remoteness of the terrain, the fluctuating value of wood
fiber, and available technologies and facilities that could make use of the
hazardous fuels removed.

Fuel management, on the other hand, is likely to focus on removing densely
packed smaller trees and the brush and very young trees that provide ladder
fuels allowing wildfire to reach the crowns of the older trees. Most of the older, more commercially valuable trees would be left. However, much of the
fuel that needs to be removed has no commercial value. In addition, removing noncommercial fiber must be repeated regularly to control brush and
young trees. Thus, whether the removal is done mechanically or with controlled burns, it will not be profitable.
If we are to avoid a new “conspiracy of optimism” that damages our forests while not protecting our communities, we must face the fact that the several legitimate objectives for managing our forests and rangelands do not,
in general, coincide. Pursuing one usually means that we cannot pursue
the other as far as we would like. There are trade-offs. As we set public policy, we must make difficult choices.

Given this complex of considerations, the rational approach to hazardous fuels
and the wildfire threat is to be selective about where fuel reduction efforts are
focused, choosing initially those areas of greatest immediate threat to people
and communities, those areas with lower economic costs, and those areas
where past human activities have most damaged natural processes, reducing
the ecosystems’ abilities to adapt productively themselves.

trade-offs between commercial timber harvest,
hazardous fuel reduction, and ecosystem restoration

While careful analysis and selection of areas to treat to reduce hazardous fuel
buildup is clearly the rational path to take, the focus should not be primarily
on the out-of-pocket costs associated with fuel treatment. This is an important point, because there are potentially conflicting motivations behind the
drive to “treat” areas with hazardous fuel accumulations. Some interests are
primarily concerned about the threat to people and property from wildfire.
Other interests are concerned with “restoring” forests and rangelands where
human activities have pushed these ecosystems beyond their ability to productively adapt and recover. Still other interests have their eyes on gaining
cheap access to the commercially valuable timber these lands contain.

Removal of forest biomass guided only by commercial considerations will do
nothing to reduce wildfire danger. A modeling analysis of fuel reduction strategies in south-central Oregon’s Fremont National Forest used as one of its reference points a prescription that removed all trees 12 inches or more in
diameter, but nothing smaller. The study focused on the third of the forest
area that was already at high risk for unnaturally intense wildfire. Removal of
only the commercially valuable vegetation left 80 percent of the treated area
still in the high-risk category and moved none of it into the low-risk category,
although the projected strategy was a commercial success, yielding $1,244
per acre. Only treatments that removed substantial amounts of the smallerdiameter vegetation had significant impacts on the high-risk stands.26 Alternatives that removed substantial amounts of noncommercial fuel material,
however, were projected to have considerable net costs unless relatively low
treatment costs were assumed. Similar modeling results were obtained on the
Okanogan and Wenatchee national forests.

While at any given site all three of these interests might be pursued simultaneously to a certain extent, their objectives are not the same and are certain to
be in conflict in many situations. In some settings, infrequent, hot, standreplacing fires are part of the natural process. Adjacent to communities, how-

Removing merchantable trees, of course, increases the revenue generated by a
fuel reduction treatment. It is therefore tempting to solve the problem of the
high cost of removing noncommercial vegetation by purposely harvesting more
of the larger, high-value trees. That approach, however, raises questions about
whether forest health and fire control objectives are seriously compromised by
applying commercially oriented criteria to the design of the forest treatment.

Helicopter dumps retardant over Malibu fires, California, 1993.
Modern firefighting techniques, such as the use of helicopters,
have increased costs.
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As a practical matter, in some areas, because there is not much commercially
valuable fiber or because of the high costs of accessing and removing the trees,
including more commercially valuable trees in the treatment will have little
impact in lowering the net costs of fuel reduction. For instance, in modeling
of Oregon’s Blue Mountains, removal of just the smaller trees was shown to
significantly reduce wildfire danger, but at a substantial net cost. If merchantable trees could also be removed without constraint, only 6 percent of
the stands were projected to generate positive net revenues because of the
limited density of merchantable trees. The vast majority of the stands still
could be treated only at a net cost.27

When planning hazardous fuel reduction programs, it is hard not to be aware of
the high cost of eliminating fuels that have no commercial value. It is also nearly impossible to ignore the budget constraints on the Forest Service. These factors are likely to lead narrow economic concerns to influence the designation of
what “the forest needs.” Federal land managers and the public need to openly
discuss the trade-offs between conflicting objectives and to make an explicit
policy decision rather than letting the financial constraints corrupt the biological or fire control analysis. It is important to weigh explicitly what is gained (if
anything) in terms of the reduction in the risk of catastrophic wildfire and what
is lost (and /or, possibly, gained) in terms of the broad range of natural forest
values for which our public lands are supposed to be managed. These are important public choices that should not be hidden in broad assertions about “healthy
forests” or fearful descriptions about the assumed damage caused by wildfire.

In other areas, removal of larger trees may be necessary simply to get the density of trees down to a level where crown fires are not easily propagated from
tree to tree. That was the conclusion drawn from the modeling study of central Oregon and northern California discussed above. In that modeling, if trees
in the 9- to 21-inch-diameter range were harvested when doing so would
reduce the risk of crown fire propagation, the revenues from those commercially valuable trees allowed additional treatment in stands that had net costs
associated with them, effectively tripling the total number of acres that could
be treated. As a result, almost a third of the forest that was open to treatment
could be treated on a break-even basis. Of course, two-thirds of the lands
judged to need treatment still could be treated only at substantial cost, more
than $1,000 an acre.28 In addition, the subsidization of the treatment of many
acres with the net revenues from other acres simply obscures the high costs
associated with treating those acres too.

the environmental costs of forest fuel reduction
Besides the out-of-pocket costs associated with managing forest fuel loads,
there are environmental costs arising from other forest values—such as wildlife habitat, biodiversity, water quality, and wildland characteristics—that
may be compromised. Whatever its benefits for fire control, a continuous
parklike setting of widely spaced trees with minimal ground cover is not, in
general, a natural forest. Analysis of site-specific historical forest characteristics and their range of natural variability can provide objective guidance as
to where such a parklike end result is appropriate and where it is not. Such
analysis indicates that, in general, natural forests are patchworks of different
tree densities, tree species, ground cover, nonforested grasslands or shrublands, and so forth. Each patch serves a different ecological function in the
larger forest “quilt.” To take one obvious example, big game requires the cover provided by dense thickets of trees. If, in the pursuit of fire control, such
thickets are systematically eliminated, substantial big-game habitat would
be lost. It would not be much of an ecological improvement to jump from primarily managing our forests for commercial timber to primarily managing
them for fire control under the guise of “forest health.” Single-focus management is likely to always be environmentally damaging no matter what the
single objective happens to be. True forest restoration efforts match the complexities of forest ecosystems, pursuing multiple objectives in an adaptive
way over time and across landscapes.

To the extent that a “healthy” forest is defined as one that has very widely
spaced trees and there also is no prohibition on the removal of large commercially valuable trees, even more hazardous fuel reduction can be funded
through the sale of the commercially valuable trees.
The density of trees in a forested area is usually measured in terms of the
“basal area,” the sum of the cross-sectional area of all trees at “breast height”
(4.5 feet) across that forested area, expressed as square feet per acre. The
central Oregon–northern California modeling analysis used a target tree density of 80–125 square feet of remaining trees per acre (basal area). A limit
was also placed on harvesting any trees greater than 21 inches in diameter.
Other modeling studies have assumed that the appropriate target density is
40–50 square feet of remaining trees per acre. When forests are thinned to
this level, much of the commercially valuable wood fiber is removed, and
many more acres can be thinned without incurring a net cost. Modeling studies of Montana and New Mexico national forests that assumed it was appropriate to reduce tree density to levels this low found that the economics of
hazardous fuel reduction were greatly improved and that there was a longterm reduction in fire danger. In Montana, these studies projected that about
half of the forestlands in the moderate- to high-fuel-hazard categories could
be treated at no net cost. Those forests with higher numbers of large trees
generated commercial sales revenues that covered the removal of the noncommercial vegetation. As a result, 60 percent of western Montana’s highand moderate-hazard forestlands could be treated, but only 40 percent of the
lands in those categories in eastern Montana could break even.29 The modeling analysis in New Mexico, which has even more limited commercial forestland, found that even when there were few limits on the removal of larger
commercially valuable trees, only 25 percent of the moderate- and high-risk
forestlands could be treated at no net cost.30

Finally, wildfire control is being pursued because of its perceived benefits.
Implicit is the assumption that wildfire causes damage. Although that clearly
can be the case in some important and prevalent settings, in general wildfire is
a productive part of forest and grassland ecosystems. Just as periodic floods
are important in renewing rivers and riparian areas, fires play an important
role in keeping our forests productive and healthy. In that context, wildfire
provides important benefits rather than imposing costs. The Yellowstone fires
of 1988, as catastrophic as they seemed at the time, have provided a case study
of how resilient forest systems can be to even very hot fires that appear to be
so destructive that they literally sterilize local natural systems. Given our
increasing knowledge of the importance, even necessity, of retaining fire as an
active part of our western forests, the first judgment that must be made is
whether any fire control is appropriate in each particular forest setting.

less-accessible mountainous backcountry, much of which is not currently
roaded and is not scheduled for timber harvest. In rough, steep, unroaded terrain, significant timber harvests to drastically thin the forests and repeated
entry to remove slash, brush, and young trees would be extremely costly. The
costs would almost certainly exceed the value of the commercial products
extracted and the discounted future harvest values on these high, isolated sites
with slow-growing trees. It was precisely their low net commercial timber value that kept these areas from being roaded and logged in the past.

owners have not taken the necessary safety measures needed where fire is a
common and natural occurrence. Education, incentives from insurance companies, and local building codes and land use regulations should be used to
shift home protection costs from the public and the surrounding natural forests
to the homeowners themselves.
No attempt should be made to impose a single model of a “healthy” or “firesafe” forest on all forested landscapes. In some forested settings, infrequent
stand-replacing fires are as natural as frequent light ground fires at other sites
that threaten no mature trees. Not all forests should be open and parklike.
Complex patchworks or mosaics of diverse forest conditions are what make
up a natural forested landscape.

In these forest types, it is not clear that there is any justification for fuel management by mechanical means. Costly mechanical manipulation of these
forests is inappropriate in ecological terms because many of these higherelevation forests have not been changed by human logging, livestock grazing,
or fire suppression to the extent that their fuel loads and forest conditions lie
outside of historical norms. Fuel management efforts there do not promote
human safety because of these forests’ remote locations far from human habitation. Fire control cannot be justified in terms of saving a commercial
resource because the value of the standing inventory of trees is below the cost
of extracting them. If these naturally dense forests were to be mechanically
thinned to very wide spacing, other forest values—watershed, fishery, wildlife,
recreation, scenery, and so forth—would be sacrificed. In short, there are few
or no benefits of extensive backcountry thinning, and the costs—financial and
ecological—are high. Fuel management policy should focus elsewhere.

Commercial timber harvest is obviously a legitimate activity in some forested
landscapes. Commercial timber harvest, however, is not a form of hazardous
fuel management. The two should not be confused. One should not be a cover
or excuse for the other. The pursuit of commercial timber values usually comes
at the expense of wildfire control and forest health.
Hazardous fuel management has significant costs—both out-of-pocket costs
and the opportunity costs associated with the loss of other forest values. Fuel
management should be subjected to the same economic scrutiny of its costs
and benefits as any other natural resource use. In our eagerness to reduce the
threat of wildfire, we should not ignore the ecological costs of our fire control
efforts nor the long-term maintenance costs that may be associated with particular mechanical treatments of the forest.

A Rational Response to the Dangers of Wildfire
What, then, is an appropriate public policy response to the dangers posed by
wildfire? On the basis of the above discussion and analysis, I offer the following recommendations.

We are just beginning to develop the scientific knowledge base to support our
efforts at fire control and ecosystem restoration. We have very limited on-theground experience with the effectiveness and consequences of different hazardous fuel treatment regimes. Most of the literature is based on complex
computer simulation models or anecdotal evidence. Before we spend billions
of dollars on landscapewide vegetative manipulation, we should rigorously
test these modeling and intuitive results on the ground. It is a time for creative
but careful experimentation to see what works and what does not. It is not a
time for a new “conspiracy of optimism.”

Because concerns over community and human health and safety will remain a
top priority of wildfire management, mechanical treatments to reduce forest
fuels should be focused on areas in the immediate vicinity of human habitation. Because of their proximity to human settlement, these areas already tend
to be human-dominated landscapes. Roads, past logging, livestock grazing,
home construction, pets, fencing, clearing, irrigation structures, fire suppression, and the like have already significantly modified local ecosystems. It may
be possible to manipulate the character of those forests to reduce wildfire
threats to human life and property while still protecting many of the forest
values that attracted people to the area: a “natural” setting, scenic beauty,
wildlife habitat, and open space. Heavy-handed management of the landscape
that disregards the damage being done to natural systems, however, would be
foolish. Cautious, adaptive management is what is called for.

Ultimately, humility is called for in the face of powerful natural forces that
we only partially understand and often will not be able to control. We should
learn from our experiences with river systems and the painful management
reevaluations we have had to undergo with respect to flood control. We have
learned that we cannot and should not try to eliminate all floods and ultimately cannot manage large floods. The same is true of wildfire. We need
wildfire. Even if we did not need it, we often would not be able to contain
or control it. At those times, all we can do is what other animals who inhabit
our forests, scrublands, and grasslands do: get out of the way until the
fire passes and then take advantage of the changes and opportunities that
wildfire brings in its wake.

No attempt should be made to “fireproof” the forested landscape. We should
allow wildfires to burn in our forests. The focus should be on reducing the possible damage caused by those fires. Homeowners should be fireproofing their
homes and homesites. Forest ecosystems should not be harmed because home-

the net costs of backcountry forest fuel reduction
In evaluating the economic rationality of proposals to manage forest fuels
mechanically, we must distinguish between (1) lower-elevation forests that
are already roaded and that have been managed for timber in the past and (2)
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MONEY TO BURN
Wildfire and the Budget
Randal O’Toole

Congress has historically given the Forest Service a blank check for suppressing fires but has been
stingy with funds for preventing fires. The incentives created by this budgetary reality have strongly
influenced Forest Service research, national forest management, and federal wildfire programs.
Any attempts to improve or reform national forest management or fire programs that do
not take these incentives into account are doomed to fail.

F

Randal O’Toole is a forest economist who has visited most of the national
forests, collecting data on timber, recreation, budgets, and other forest issues.
Randal works for the Thoreau Institute, a nonprofit organization that finds
ways to protect the environment without big government. His 1988 book
Reforming the Forest Service showed that most national forest controversies
stem from incentives built into the Forest Service budget, including
incentives to lose money on environmentally destructive activities.

orest Service histories of wildfire often begin with the great IdahoMontana fires of 1910. But the real history began two years before, when
Congress created an emergency fire suppression fund. Under the Forest
Fires Emergency Act of 1908, in the event of a fire emergency, the Forest Service
could use any available funds to put out the fire, and Congress would reimburse those expenses. In effect, Congress gave the Forest Service a blank check,
which was absolutely unique for a peacetime agency. When the 1910 fires were
over, the Forest Service had spent $1.1 million trying to put them out—nearly
25 percent of its entire budget for the year. Congress dutifully reimbursed these
funds, thus assuring the Forest Service that it indeed had a blank check.1

Early Forest Service leaders such as Gifford Pinchot, Henry S. Graves, and
William B. Greeley were urbanites with typical urban attitudes toward fire.
As fire historian Stephen Pyne observes, rural landowners have always treated fire as a tool to be used to kill weeds and harmful insects and to promote
desirable plants and forage for domestic livestock. But urban residents knew
fire only as something that could destroy the cities in which they lived.2 “As
urbanites’ personal experience of fire waned, so did their tolerance of its
consequences,” says Pyne. “They saw fire as social horror. . . . If they could
banish it, they would.” 3 Led by urbanites, the Forest Service set a goal of
banishing fire from the forests. “The first measure necessary for the successful practice of forestry is protection from fire,” said Chief Graves in 1914.4
When asked in 1923 to summarize the main problem with forests, Chief
Greeley’s answer was: “Stop the fires.” 5
For nearly 40 years, fire exclusion was the chief goal of the Forest Service.
“Sanctified by an administrative theory granting zealous technocrats broad
latitude for action,” observes historian Ashley Schiff, “purpose was transmuted into mission, a campaign into a crusade.” 6 Yet the fire exclusion crusade was not a foregone conclusion, as people both in and out of the Forest
Service supported light burning—the term used at that time for what would
now be called prescribed burning—of pine forests. What tipped the balance
to the fire exclusionists was the blank check. The blank check not only
rewarded the Forest Service for putting out fires, it rewarded the Forest
Service for spending a lot of money putting out fires. No other national forest
activity was so rewarding until timber became prominent, owing to another
set of budgetary incentives, in the 1950s.7

Fire at night, Biscuit Fire, Siskiyou National Forest, Oregon, 2002.
Congress often provides a blank check to firefighting agencies,
without incentives to find less expensive alternatives.
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The Forest Service was not simply recalcitrant. When other Forest Service policies conflicted with its incentives, it changed the policies. Gifford Pinchot
(chief, 1905–1910) believed national forest timber should be sold only to
family-owned sawmills, not large corporations. William B. Greeley (chief,
1920–1928) overturned that policy in the 1920s because he wanted both the
political support and the revenue large companies could provide. Pinchot also
opposed clearcutting. When clearcutting proved to augment national forest
budgets better than other forms of cutting, however, it quickly became the
agency’s dominant cutting method.8 The blank check, however, allowed and
encouraged the Forest Service to steadfastly maintain its fire exclusion policy
for many decades. Even today, after Congress has supposedly repealed the
blank-check law and the Forest Service in public supports increased fire in the
forest, a de facto blank check still rules much of wildfire policy and operations.

Excluding fire from national forests was one thing. But in 1924, Congress
passed the Clarke-McNary Act to encourage the states to control fires on private lands. The act gave the Forest Service power to hand out money to state
and local fire protection districts. The agency used that power to promote its
fire-exclusion crusade by refusing to give any money to districts that allowed
landowners to use prescribed burning.18 The blank check and Clarke-McNary
Act gave the Forest Service power, and as Stephen Pyne notes, “as that power
grew, the Service found itself subtly corrupted in spirit and imagination.” 19
Greeley and other Forest Service leaders of the 1920s and 1930s had gained
their fire experience in the 1910 Idaho and Montana fires, and the Forest
Service had no national forests in the South at that time. But in 1911,
Congress passed the Weeks Act, giving the Forest Service money and authority to buy forests in the East and South. National forest managers in the South
soon learned that Chapman was right: if they didn’t do prescribed burning,
catastrophic fire would result. By the 1930s, many southern national forests
were doing prescribed burning on thousands of acres each year. The
Washington office of the Forest Service tolerated controlled burning on southern national forests, provided it was kept secret. Yet agency leaders still tried
to prevent, through the denial of Clarke-McNary funds, similar burning on
private lands.20 As late as 1939, the Forest Service hired a psychologist to
find out why “our pappies burned the woods.” He concluded it was “the
defense beliefs of a disadvantaged cultural group”—in other words, that
people who burned were ignorant.21

Initially, says Pyne, the blank-check fund “produced a profound ambivalence
among professional foresters,” some of whom believed that drawing upon that
check was an admission of failure.9 But in the long run, “of course, the money
was irresistible,” adds Pyne. “Whatever else the fire establishment did or
wanted to do, actual firefighting paid the freight.” As a result, “fire agencies
will follow the money.” 10
By the 1930s, writes Pyne, “federal fire control became increasingly dominated by emergency funding programs existing outside regular, budgeted
appropriations”—in other words, by the blank check.11 The blank check was
reinforced in 1935 when the Forest Service adopted the well-known “10 a.m.”
policy stipulating that a fire was to be contained and controlled by 10 a.m.
following its detection.12 Less well known was another change in policy
adopted at the same time: instead of being limited to fire suppression, the
blank check could now be spent on presuppression—that is, things needed to
get ready for fire season, such as equipment purchases—during periods of
extreme fire danger.13 This opened the floodgates to additional spending on
fire. All a forest supervisor had to do was declare that a drought existed, and
he could spend unlimited amounts of money on fire crews and materials.

In 1939, the Forest Service did finally allow its own researchers to publish
studies supporting the use of fire.22 Catastrophic fires in the South in the early
1940s helped convince the agency to let forest protection districts allow prescribed burning in longleaf pine stands in 1943—but it refused to make its
decision public for fear it would encourage people to light fires.23 Nor did it
allow prescribed burning in southern loblolly pine until 1954.24
One curious result of the Forest Service’s denial of Clarke-McNary funds to
protection districts that allowed burning is a severe distortion of the record of
acres burned in the 20th century. Data published in several places indicate
that wildfires burned 39 million acres a year during the 1930s, falling to 9.4
million acres a year in the 1950s, 4.6 million in the 1960s and 3.2 million in
the 1970s.25 “By the late 1950s, as a result of increasingly sophisticated fire
protection,” bragged one Forest Service report, “both the area burned and the
size of fires had been substantially reduced.” 26 In fact, most of the reduction
was not from fire protection but from the Forest Service’s admitting that many
fires it had once called “wildfires” were in fact prescribed burns.

The Blank Check Versus Light Burning
In 1908, the same year Congress gave the Forest Service a blank check for fire
suppression, Yale forestry professor H. H. Chapman published research showing that fire was necessary to regenerate southern longleaf pine forests.
Chapman suggested that landowners who wanted to regenerate longleaf pine
should burn in the fall. Then, after two years, seedlings could survive another
controlled burn, which would eliminate competition and burn the duff that, if
allowed to accumulate, would provide the fuel for a catastrophic fire. Later
research also found that loblolly pine needed frequent burns.14

A close look at the data reveals that, through the early 1950s, the vast majority of the acres burned were on “unprotected” lands—that is, lands outside of
Clarke-McNary fire protection districts.27 A footnote included in some of the
Forest Service fire reports in those early years says, “Figures for unprotected
acres are based on partial information from incomplete reports. Reliable data
are not obtainable.” 28 From 1931 through 1956, Forest Service reports say
that 10 to 20 percent of all the unprotected acres burned each year, almost all
in the South. By comparison, only 0.5 to 2.2 percent of private protected acres
and 0.1 to 0.5 percent of federal forest acres burned each year.29

As described in Ashley Schiff’s classic study Fire and Water, the Forest Service not only ridiculed Chapman and other light burning supporters, it suppressed research done by its own scientists that reached the same conclusions.15 For example, the Forest Service burned a stand of longleaf pine
seedlings and then published a report showing that fire had killed some of
the seedlings, whereas an unburned plot had more seedlings per acre. But
when later remeasurements found that the fire-thinned seedlings had grown
faster than the unburned ones, the Forest Service refused to publish the
data.16 It also used its muscle to prevent other federal agencies from publishing reports favoring fire.17

It seems certain that, until lands were included in fire protection districts, the
Forest Service counted light burning as wildfires. Since it did not accept fire
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protection districts that allowed wildfires until the late 1940s, most of the
acres supposedly burned in wildfires in the 1920s, 1930s, 1940s, and early
1950s were actually controlled burns. Agency officials may also have exaggerated the number of acres burned outside of protection districts to prove to
Congress the value of forest protection or to apply pressure to states to accept
the Forest Service’s fire exclusion policies. The amount of unprotected land
fell from more than 140 million acres prior to 1942 to under 40 million
after 1956.30 This huge decrease, almost all of which was in the South, was
attributable mainly to the Forest Service’s acceptance of light burning in
southern pine forests, which led southern forest landowners to join Forest
Service-funded fire protection districts.

Service allowed only 60, or 0.5 percent, of the 11,729 fires detected on
national forests to burn.35
With help from mild weather, these actions succeeded in reducing Forest
Service fire suppression costs. Actual suppression costs fell from an average of
$125 million a year (adjusted for inflation to match the dollar in 2002) in the
mid-1970s to an average of just $61 million from 1977 to 1984. Costs reached
$167 million in 1985, which wouldn’t have been a problem since costs
dropped to $115 million in 1986.36 If costs had remained below $125 million
for a couple of years more, the Forest Service would have quickly repaid the
deficit from 1985. But they did not: the great California fires of 1987 and the
Yellowstone and Alaska fires of 1988 cost the Forest Service a total of $722
million, which was $472 million more than the $250 million Congress had
given the agency for fire suppression in those two years.37

It took nearly 50 years to go from Chapman’s 1908 paper about the need for
fire in longleaf pines to the Forest Service’s complete acceptance of such fire in
longleaf and loblolly pines.31 As much as anything else, this delay was caused
by the fire suppression mentality created by the blank-check law and the Forest
Service’s hunger for power, whetted by the Clarke-McNary Act. Even then, the
Forest Service continued for at least another two decades to resist prescribed
fire in the West except as a way of disposing of debris after timber cutting.

It is well known that the 1988 Yellowstone fires dealt a setback to the Forest
Service’s hesitant let-burn policy, as the secretaries of agriculture and the interior directed federal agencies to suppress all fires until after they had completed
fire management plans that carefully described the conditions under which fires
would be allowed to burn. What is less well known is that the 1987 and 1988
fires dealt an even more severe setback to efforts to control fire suppression costs.

Congress Repeals the Blank Check

Congress Loses Its Nerve

After World War II, the Forest Service acquired all sorts of aerial means of
detecting and fighting forest fires. Initially, it didn’t cost much to drop water
from an obsolete bomber onto a fire. But costs quickly rose as WWII-vintage
planes were replaced by newer models and water was replaced by fire retardant.
Rising fire suppression and aircraft costs led the Office of Management and
Budget (OMB) in 1975 “to wonder what kind of return we were getting for
our money.” 32 The Forest Service chief ordered a review of fire planning methods, which concluded that they were “basically sound and rational.” 33 That
didn’t satisfy either the OMB or Congress, so in 1977 the Forest Service ended
the 10 a.m. policy and endorsed more prescribed burning in the West.34

If the 1910 fires tested Congress’s willingness to sign a blank check, the 1987
and 1988 fires tested Congress’s willingness to resist returning to the blank
check. After paying the $472 million deficit out of the Knutson-Vandenberg
fund, the Forest Service pleaded with Congress to restore the fund so that
the agency would not run out of money for reforestation and other K-V activities. Congress responded by tripling the Forest Service’s annual firefighting
appropriation to $375 million in 1989. But no end was in sight: 1989 costs
were $335 million, and 1990 costs were $254 million. The Forest Service
publicly fretted that it would run out of reforestation dollars, so Congress
finally gave the agency a supplemental appropriation of nearly $280 million
in 1990 to repay the K-V fund.38

In 1978, in what appeared to be the most dramatic change in fire policy in 70
years, Congress repealed the blank-check law. Starting in the 1980s, Congress
tried to appropriate fire suppression funds like any other line item. It gave the
Forest Service a fixed budget for suppression, usually around $110 to $125
million a year. If costs in one year exceeded that amount, the Forest Service
was expected to pay for them out of other funds. For this purposes, the agency turned to the Knutson-Vandenberg (K-V) reforestation fund and then
repaid the K-V fund in later years when costs were lower than $125 million.
The K-V fund was originally created by the Knutson-Vandenberg Act of 1930,
which authorized the agency to keep a portion of timber receipts for reforestation and—after 1976—wildlife, recreation, and other forest improvements.
This fund typically had hundreds of millions of dollars at any given time, making it the perfect source of emergency suppression funds.

In losing its nerve and failing this test, Congress effectively restored the blank
check. Even though the blank-check law was no longer on the books, the
Forest Service now knew that Congress would reimburse fire suppression costs
when they exceeded budgeted levels. Money was abundant once again, and
forest managers no longer felt pressured to constrain costs. Technically, Congress still gives the Forest Service a fixed amount of money for firefighting.
But if costs exceed that amount, the president can let the Forest Service spend
more out of an emergency contingency fund. The president rarely, if ever, says
no to the Forest Service, which has drawn on this contingency fund every year
since 1993. In the decade ending in 2001, Congress gave the Forest Service
$3.0 billion for presuppression, $2.3 billion for suppression, and $2.4 billion
in contingency funds—nearly two-and-one-half times the amount provided
for the same activities in the previous decade.39

These policy shifts led to subtle yet significant changes on the ground. Rather
than try to minimize the number of acres burned at any cost, Forest Service
fire managers focused suppression strategies on containment within natural
boundaries. This led to more acres of fire but supposedly lower costs and
greater firefighter safety. Some forest managers eagerly began experimenting
with letting fires burn—mainly in wilderness areas—but because of various restrictions the Forest Service continued to aggressively suppress more
than 99 percent of all fires. As late as the year 2000, for example, the Forest

Between 1950 and 1990, the Forest Service’s fire program was eclipsed in size
and prestige by the agency’s timber program. Driven at least in part by incentives created by the Knutson-Vandenberg Act of 1930 and other laws that
allowed forest managers to keep an unlimited share of timber receipts, timber
sales grew from around 3 billion board feet in 1950 to 11 billion in 1980. But
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after 1990, timber sales quickly declined to 4.5 billion board feet in 1993, and
to less than 2 billion board feet per year in the first decade of the 21st century.40 Some people began to question whether the Forest Service had a future.

Firefighters such as Leschak all tell stories of profligate spending on fires.
“The Forest Service tries to put out fires by dumping money on them,” firefighters commonly say. One Forest Service employee confided to me that his
district had enough funds to pay its staff only 11 to 11.5 months of the year
—and relied on fires to fill in the two- to four-week gap. Firefighters don’t
mind spending money on fires, since that is the source of their pay; Leschak
notes that firefighters call smoke clouds “money bubbles” because they are
“ensuring more paychecks for somebody.” 46

It did have a future, and that future was once again fire. Large fires in the late
1990s, in particular the Los Alamos fire in 2000, led Congress to begin a
firestorm of spending. This included increasing the Forest Service budget for
reducing fuels in the national forests (“fuels treatment”) from less than $10
million a year in the early 1990s to well over $200 million a year a decade later, and presuppression budgets from $175 million a year in the early 1990s to
more than $600 million a year a decade later. 41

Solutions
What are some alternatives to a blank fire-suppression check that wastes taxpayers’ money and leads to bad forest management? To be successful, any
solution has to somehow persuade Congress that it is no longer responsible
for saving people from fire. It is not enough to argue that the Forest Service
should follow a particular prescription, such as putting firebreaks around
homes and other structures. As long as members of Congress are tempted to
“be heroes” by spending more money on fire suppression, federal agencies
will face incentives to manage land poorly.

The Blank Check on the Ground
The blank check still governs much of what the agency does. Under a policy
adopted after the Yellowstone fires, federal land managers are not allowed to
let fires burn until they have written a fire management plan. Yet as late as
2001, the General Accounting Office criticized the Forest Service and Department of the Interior for not having written fire management plans for most
of the lands in their jurisdiction.42 Thanks to the blank check, the agency has
plenty of money to put out fires, but it claims it lacks the appropriations needed to write fire management plans.

University of Maryland professor Robert Nelson thinks the only solution is to
turn federal lands over to the states.47 This would get Congress out of the picture, but, aside from the political infeasibility, there is little evidence that the
states do much better at land management than the federal government.48

Few, if any, fire management plans allow fires to burn outside of the large
wilderness areas that cover less than 18 percent of national forest lands. Forest
Service policy also only allows fires to burn in wilderness areas if they have
natural causes; human-caused fires need not apply. Since only about 12 percent of fires have natural causes, something less than 2.2 percent (a little less
than 18 percent times 12 percent) of fires on national forest lands are likely to
qualify. So it is not surprising that, in 2003, the Forest Service allowed only
1.8 percent of the fires detected on national forests to burn.43

My own preference is to fund each national forest, park, or BLM district out of
its own receipts. Centralized bureaucracies would be replaced by boards of
directors elected by “friends of the forest/park/district” whose membership
would be open to anyone interested in paying a nominal fee. The boards would
have a trust obligation to manage the lands in their care for the public good
and would fund that management out of user fees, which—in most cases—
would come mainly from recreationists.49 Each board would find the best fire
solution for their situation, whether by joining local forest protection districts,
buying fire insurance, or simply letting fires burn. Of course, this alternative
faces only a little less opposition than Nelson’s.

Even if a fire qualifies for “wildland fire use” (Forest Service terminology for
letting fires burn), managers may decide to suppress it anyway. The paperwork required to let a fire burn is more formidable than that for suppressing
fires. “Stricter planning and documentation requirements exist for management of wildland fires where resource benefits are a primary objective,” says a
Forest Service fire guide.44 Managers who decide to let a fire burn must prepare a short-term risk assessment, a complexity analysis, a needs assessment,
fire behavior predictions, and a long-term risk assessment. This makes it a lot
easier to simply suppress fires than to let them burn. The Forest Service probably did not put barriers in the way of managers who want to let fires burn
just so that it could maximize emergency suppression funds. But without the
blank check, the agency would be much more eager to consider letting fires
burn if it would save money.

A less radical idea is to purchase insurance to cover costs during especially
severe fire years. Appropriations could be based on spending during an average fire year. Congress would allow agencies to carry over unspent funds
from mild fire years. The insurance companies would have an incentive to
work with the agencies to make sure their costs were as low as possible. The
problem is that the insurance industry may not be able to handle this much
coverage. Until recently, Oregon was the only state whose fire protection districts bought insurance for severe fire years, but their coverage was canceled
after the 2002 season.

When the Forest Service decides not to let a fire burn, the initial suppression
effort is paid for out of presuppression funds. If that effort fails, emergency
funds can kick in. Then fire commanders may decide to pour enormous
resources on the fire. Firefighter Peter Leschak tells of “Mr. Mud,” the nickname of an air attack supervisor who “had a well-deserved reputation for initiating and sustaining extremely aggressive air assaults.” Leschak adds that
“his personal record was 22,000 gallons of fire retardant dumped on a fiveacre fire,” which is about a gallon every 10 square feet or (as Leschak puts it)
a 12-ounce bottle of beer on every square foot.45

Another solution is to dismantle federal fire programs and turn fire suppression on federal lands over to state and local fire protection districts.
Some Bureau of Land Management districts already rely on fire protection districts to do their fire suppression. As with private landowners, federal
agencies would pay annual fees to the fire protection districts—typically
based on the number of acres of land each manages—which would be used
for fire suppression. Since the fees would be paid out of appropriations, it
is not clear that this would give the agencies much incentive to reduce
fire risks.
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Given the uncertainties about all these ideas, the best policy for now would be
to try each of them on two or three forests, parks, or districts. A pilot program
could be evaluated after five years to see which worked best, which might lead
to improved policies for all federal lands. A group of timber industry leaders,
environmentalists, and Forest Service officials known as the Forest Options
Group has made a similar proposal for national forests, which shows that such
an idea might receive support from a broad range of interests.50
The default solution is to continue with the de facto blank check. This policy
will cost taxpayers billions of dollars a year, allow the continued destruction of
homes and other structures, and discourage sound management of many federal lands. The blank check will probably prevail as long as Congress has the
money and as long as environmentalists and the resource industry remain polarized. But if the interest groups can find an incentive to get together, or if Congress is motivated by a major fiscal crisis, some reform will probably be adopted.
To be successful, any reforms must recognize that the Forest Service is not
a machine that automatically carries out the will and intent of Congress.
Instead, it is a very human institution made up of people who respond to political pressures, fads, and—most important—to budgetary incentives. The people who manage the national forests and other federal lands may have the
best of intentions, but if those intentions conflict with their incentives, the
incentives all too often prevail.
This is not to imply that public land managers are venal or corrupt. As in the
case of the debate over light burning versus complete suppression, land managers will always have disagreements among themselves over the best policies
and techniques. Given a level playing field, such disagreements would be
resolved through experience and research. But when agencies face such powerful incentives as the blank check, experience is ignored and research suppressed in favor of the policy that most benefits from the incentive.
In adopting reforms, then, Congress must take care that the incentives created by those reforms, and the budgetary process as a whole, are aligned with
Congress’s goals for the public lands. Incentives should not favor one resource
over another or one policy over another but instead provide a level playing
field for land managers and land users to work together to find the best mix of
resources and policies. Such incentives must encourage solutions that respond
to local conditions, not one-size-fits-all policies. Incentives should reward efficiency, not waste; the sustained production of multiple uses, not a single dominant use; and a fire policy that effectively minimizes the long-run costs of fire
damage and suppression, not one that maximizes short-term budgets. This is
a tall order, but one that can be met if Congress applies the right combination
of policies and budgetary programs.

Top to bottom: Wildfire crews meet in a safety zone, Colville Indian
Reservation, Virginia Lake Complex Fire, Washington, 2001; an air tanker
drops retardant to slow the spread of flames toward the wildland-urban
interface on the north edge of Boise, 8th Street Fire, Boise National Forest,
Idaho, 1996; McCall smokejumpers come into the landing zone during a
practice jump, McCall, Idaho; a U.S. Army task force arrives as part of the
firefighting effort, incident command post, Colville Indian Reservation,
Virginia Lake Complex Fire, Washington, 2001.

221

Wildfire_Pt5_p200-231_FINAL

3/7/06

4:44 PM

Page 222

THE WAR ON WILDFIRE
Firefighting and the Militarization of Forest Fire Management
Timothy Ingalsbee, Ph.D.

The federal government conducts wildland fire suppression through a militaristic paradigm—as fire
“fighting” in a “war on wildfire.” This war enjoys strong public support because most people are kept
unaware of the social and environmental impacts, or “collateral damage,” of aggressive firefighting. The
endless and escalating war against wildfire represents an increasing militarization of forest
management—to the detriment of democracy as well as ecology.

T

Timothy Ingalsbee is the executive director of Firefighters United for Safety,
Ethics, and Ecology (FUSEE), a nonprofit organization dedicated to public
education and policy advocacy to support safe, ethical, and ecological fire
management. He is also a research associate and adjunct instructor at
the University of Oregon and secretary of the board for the Association for
Fire Ecology, a nonprofit organization promoting the application of fire
ecology in land management.

he year 2005 marked the 100th anniversary of the creation of the U.S.
Forest Service and, along with that, a century-long war against wildland fire. Every summer for a hundred years running, the U.S. government has made war in America’s wildlands under the pretense of “fighting”
fires. Under the command of the Forest Service and other federal land management agencies, tens of thousands of young people are sent into the forests of
the West to suppress wildfires at a cost to taxpayers of more than a billion dollars a year.1 Organized with military structure and discipline, and supplemented with an armada of firefighting vehicles, heavy equipment, and aircraft,
Uncle Sam’s firefighting army is unrivaled in size and expense in the world.
Helping to perpetuate this annual seasonal conflict are powerful political and
economic interests with vested stakes in the perpetuation of warfare. A new
“fire-dependent” class of government agencies and private corporations has
accumulated enormous power and profits from firefighting. Indeed, a new
“fire-industrial complex” is rapidly developing. If not for the deepening fiscal
crisis of the federal government—due to tax reductions for the wealthy elite,
and foreign military adventures—the war on wildfire would have provided the
perfect patriotic instrument for big government and big business to siphon
surplus dollars from the taxpayers’ till.
Unlike other wars the U.S. government has waged, the war on wildfire faces
very few voices of dissent. The mainstream news media enthusiastically cheer
on the war effort with as much hype and hysteria as they can muster within a
hackneyed story frame: “catastrophic wildfire” is a hellish force, homeowners
are its helpless victims, and wildland firefighters are our stoic heroes defending civilization against destructive chaos. Considering that most of what people know about wildfires comes from a comic book (Smokey Bear), a cartoon
movie (Bambi), and the corporate press, it is no wonder that firefighting enjoys
widespread popularity with the public. There is no hint of protest emanating
from peace activists, religious leaders, concerned taxpayers, or frightened parents. Wildland firefighting is regarded as the “moral equivalent of war.” 2
Wildland firefighting strikes a resonant chord in the American people because
it epitomizes the Western Enlightenment’s crusade to control and exploit
nature, and it continually reenacts the uniquely American experience of conquering the western frontier and all the wild forces of nature, from American

Firefighters setting off to battle the Kelsey Fire, Umpqua
National Forest, Oregon, 2003. Poor fire management policies
foster and maintain a costly fire-military-industrial complex.

223

Wildfire_Pt5_p200-231_FINAL

3/7/06

4:44 PM

Page 224

Indians to grizzly bears to wildfires. But in this great modern crusade to conquer one of the most powerful forces of nature, even though we may win all
the battles against blazes, society has embarked on a war it cannot hope
to win. Indeed, each successfully contained and controlled fire offers only a
fleeting victory over an “enemy” that returns year after year with escalating
power and fury.

escalation of the war on wildfire signals an ever-increasing militarization
of forest management that portends dangerous consequences for both
native ecosystems and democratic society.
Trench Warfare Tactics: Fire Line Construction
Fire management is currently in the midst of a minor technological revolution with the aid of satellite- and computer-based mapping and modeling
systems. Yet when it comes to controlling forest fires, the same basic technique has endured relatively unchanged for the last century: A containment
line is cut around the perimeter of the fire to stop its spread. Once the fire is
encircled by this fire line, steps are taken to “mop up” or extinguish all
remaining burning material within a couple hundred feet of the perimeter. It
then becomes a waiting game for a change in weather or the simple passage
of time before the fire eventually dies.

As a youthful firefighter, I relished the hard work, the adventure, the income,
and esprit de corps of firefighting. I truly believed back then that I was protecting the environment, and defending public forests against primal forces
of destruction. I eagerly carried out my orders with a gung-ho attitude and
few gripes, and I look back at those years of service as a ground-pounding
grunt on the fire line with great pride. But over time my youthful idealism
waned. I directly witnessed or participated in suppression actions that were
sometimes more damaging to the land than the fire itself. Many times our
crew’s actions were grossly inefficient or completely ineffective given the prevailing weather, terrain, and fuel conditions and became huge wastes of taxpayer dollars and resources. Occasionally we were ordered to do extremely
hazardous things that put our health and safety at greater risk for no apparent reason. Later, after learning through the science of fire ecology that our
efforts to contain and control all wildfires did not protect the land, but actually degraded many of the natural values I cherish and, ironically, made the
landscape more prone to future severe wildfires, I developed in hindsight a
critical perspective of wildland firefighting.

Constructing a fire containment line, or “fire line,” involves removing all live
and dead vegetation to create a relatively narrow strip of bare mineral soil
that cannot ignite or burn. Consequently, fire line construction causes a number of adverse environmental impacts: it kills and removes vegetation; displaces, compacts, and erodes soil; degrades water quality; fragments forest
stands; and leaves unsightly scars on the landscape. There are two basic kinds
of fire line: hand lines cut by crews on foot using hand tools, and dozer lines
cut by bulldozers and other heavy equipment. Generally, hand lines are shallow trenches approximately 4 feet wide, bordered on the outside by 15-footwide swaths from which all small trees and brush have been cleared. Dozer
lines can be 18 feet wide, or even as wide as an interstate highway. Perhaps
the most recent technological “advance” in fire line construction involves the
use of explosives. Devices like “blaster cord” (an electric detonating wire
wrapped with explosive material) are used to blast soil and brush for fire
lines, especially on very steep, rocky ground that would be too hazardous for
crews working with hand tools. Using explosives on erosive ground is a clear
example of the military mindset at work in fire suppression—literally blasting away the earth to stop a fire.

I have the utmost respect and affinity for the women and men who continue
to serve as wildland firefighters, for there will always be a need for some kind
of suppression actions to protect specific places from unwanted fire behavior
or fire effects. But my conscience compels me to challenge the militaristic
paradigm that frames fire suppression practices and dominates federal fire
management programs. Current and future generations of fire crews and the
public they serve must come to realize that there are alternatives to “fighting” fires and making warfare on wildfire. Unfortunately, decades of flawed
forest fire prevention education have induced a collective amnesia in American society, making people forget our species’ vital relationship to fire on
the land since time immemorial and inhibiting the public from envisioning alternatives. A vision of human communities that can live safely and sustainably with wildland fire seems to most people more like a remote fantasy
than a historical fact or a future possibility. Hence, it seems entirely normal,
natural, almost “instinctual” in modern American culture that humans
always fear and “fight” wildland fires.

Although hand lines are narrow, they are also built on steeper, more rugged
terrain where bulldozers cannot maneuver. Steeper slope gradients increase
the erosive power of water, causing many hand lines to become instant gullies, sluicing soil right down into forest streams and fouling fish habitat. Dozer
lines have a qualitatively more severe impact from the steel blades ripping up
the ground, followed by the huge tank treads alternately chewing and crushing the exposed soil. The berms caused by dozer lines tearing up mountainsides create canals that can alter the hydrological flow, channeling water and
silt directly into streams.

Before any alternative vision can emerge, there must first be a realization that
a problem exists, and then a recognition that there needs to be change. Certainly there is the popular perception that a wildfire “crisis” exists, but most
people believe that aggressive firefighting is the solution rather than one of
the problems fueling the crisis. Remarkably, despite all the billions of tax
dollars consumed, millions of acres scorched, and thousands of firefighters
toiling in the federal fire suppression program each year, the public is kept
largely ignorant about the strategies and tactics, methods and motives of
firefighting. I therefore want to describe some of the standard techniques
of firefighting and explain the environmental damage and ecological degradation—the “collateral damage,” if you will—firefighting inflicts upon natural resources, specific wild places, and society at large. As billions upon
billions of tax dollars continue to pour into the coffers of the fire-industrial
complex under the edicts of the National Fire Plan, I fear that this recent

The destructive impacts of logging roads on water quality and fish habitat are
well documented, but the impacts of suppression dozer lines are arguably
worse. Logging roads are engineered and constructed with at least some
attempt to minimize erosion, but not so dozer lines, for they are quickly carved
into the landscape with little foresight or planning—literally by the seat of the
pants of the dozer operators. When dozer lines are cut into roadless areas, they
also create long-term visual scars that can ruin the wilderness experience of
roadless area recreationists, and in many cases they become new, unmapped
“ghost” roads that enable unauthorized or illegal off-road-vehicle users to
invade unroaded wildlands. Along with ORVs come a host of other impacts
such as invasive weeds, wildlife harassment and poaching, and arson fires.3
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Hikers encountering fire lines, especially dozer lines, are hit with the unmistakable impression of entering a scarred battlefield. The ground surface is torn
up and lifeless. The carcasses of large trees line the berm of soil and boulders
left by the dozer’s blade, literally heaved over at their roots by the earthgouging machines. Fire lines essentially represent trench warfare tactics: stop
the “enemy” from advancing and wait until its ammunition and fuel are spent,
then subdue the few surviving embers. On some of the recent siegelike “superfires” (greater than 50,000 acres in size), fire lines have been hundreds of
miles in length. In addition to primary fire lines—which during “indirect
attack” strategies are often cut miles away from the fire’s edge—there are also
often secondary or “contingency” fire lines that are built at an even greater
distance. Most of these contingency lines will never be touched by fire but
leave the earth scarred by the instruments of fire combat.

a few weeks, the agency lost its nerve and reversed policy.8 Millions of gallons
of retardant chemicals have spewed from bombers in the last five years, and
will continue to flow under the assumption that the toxic effects of the chemicals are less harmful than the effects of wildfire. Indeed, the Environmental
Protection Agency exempts fire retardant from the Clean Water Act because
its use is considered a “cataclysmic release” intended to prevent assumed
greater destruction to the environment by wildfire.9 Yet in the case of aquatic
wildlife, this assumption is invalid: it is doubtful that many frogs, for example, are fried by fires, but who knows how many have “croaked” from cyanide
coursing through their veins? In essence, fire retardant is a chemical weapon,
and the deliberate dumping of hundreds of millions of gallons of fire retardants every year on forests constitutes chemical warfare.
Felled by Friendly Fire: Old-Growth Tree Cutting

After the fire has been declared contained and controlled, some modest mitigation actions are taken to reduce the negative environmental effects of fire
lines; for example, a few shallow “water bars” are dug into the line to help
reduce erosion. But usually only the final perimeter lines are “rehabbed,” while
all the burned-over interior fire lines are left for nature to deal with. Given
enough time, natural recovery processes can almost erase the effects of lowintensity fires—but not the effects of firefighting. Eroded soil from fire lines is
essentially a permanent loss, and the fragmentation of forest cover caused by
fire lines leaves wounds that may fester for decades after the battle was fought.

Backcountry hikers are often stunned to see giant blackened stumps deep in
the interior of wilderness and roadless areas where logging is restricted. These
stumps mark the sites of former battlefields in the war on wildfire. Most people believe that firefighting “saves trees,” but another component of fire line
construction involves tree cutting. Both large overstory and small understory
trees are felled during suppression incidents. Routinely, teams of professional
loggers are hired as contract firefighters to sweep through the forest on searchand-destroy missions to drop all large dead trees (“snags”) in areas where firefighters might be working. Burning snags are the most hazardous kind of trees
to firefighters: they can fall across fire lines and allow the fire to escape containment, or worse, they can fall onto firefighters with deadly consequences.
But these snags are also the most valuable trees to certain rare or endangered
wildlife species that use dead, dying, or “defective” trees for food or shelter.
Indeed, if Mother Nature could choose which of the trees were most precious
and in need of protection from wildfire, it would likely be snags. Perversely,
these are the very trees most likely to be felled during suppression.

Chemical Weapons: Fire Retardants
Some of the most dramatic scenes of firefighting incidents are those of World
War II–vintage air tankers swooping down over mountain ridges to bomb the
forest canopy with red-colored fire retardant chemicals. If dumped in the right
places at the right times under the right conditions, retardant can temporarily
delay ignition in vegetation. But firefighters must be positioned on the ground
ready to take advantage of retardant drops, for the chemicals slow down but
do not stop fires from spreading. If retardant is dumped at the wrong place or
time, or in the wrong conditions, or if there are no firefighters at the ready, the
drops are basically expensive but futile attempts at controlling fire, and are
routinely scoffed at by firefighters as “political shows” and “photo-drops”
meant to impress the public on the evening news.

Firefighting in the Forest Service is fundamentally interlinked with logging—
before, during, and after a wildfire. In fact, the agency’s primary motivation
for fighting fires is not to save trees for the sake of habitat or scenery, but to
save them for the sawmills. Over the last 30 years, the Forest Service has
responded to growing public opposition to its timber sale program, in which
logging companies are allowed to clearcut old-growth stands for private profit on public lands, by concocting new excuses for logging native forests.
Beginning in the early 1990s, the federal government announced a “forest
health crisis,” claiming that insects, disease, and fires were running rampant through the public’s forests and that “dead and dying” trees needed to
be logged to prevent “catastrophic wildfires.” After numerous scandals—
including the notorious “Salvage Rider” of 1995, in which the nation’s environmental protection laws were suspended to allow logging corporations to
cut live, intact ancient forests in the name of “forest health”—federal officials constructed a new rationale for logging.

Although the effects of retardant chemicals on fire behavior last only a few
hours, their toxic effects on vegetation and wildlife can endure for weeks.4 A
host of different chemicals are used during fire suppression operations. One
of the most popular retardants degrades into cyanide at levels highly toxic to
fish and frogs, but all retardants can be harmful to the aquatic environment.5
The federal government tries to assure firefighters and the public that retardant chemicals are benign to humans and function merely as fertilizer that
will help get new plants growing inside a burned forest. But the seemingly
beneficial fertilizer is deadly to aquatic wildlife when it is dumped or washes
into streams. Toxic plumes of nitrogen, phosphorus, and ammonia instantly
kill fish and insects in streams, and initiate algae blooms (sudden growth in
algae) in ponds, lakes, and reservoirs that kill fish more slowly by consuming
all the oxygen in water. When dumped on the ground, the fertilizer in retardant can stimulate the growth of invasive weeds, which often enter remote
sites from seeds inadvertently transported by firefighters and their equipment.6 In spring 2000, the U.S. Forest Service briefly suspended the use of
cyanide-leaching retardants because of their adverse effects on aquatic
species—effects known by laboratory scientists since the 1950s7 —but within

Beginning in 2000, the forest health crisis morphed into what could be called
“fire hazard hysteria.” Logging proponents argued that millions of acres of
public lands needed “mechanical fuels reduction” and “thinning” (that is,
commercial logging) to remove trees before they could burn. A related form
of prefire logging involves the construction of “fuel breaks” designed to function as potential fire lines to combat future wildfires. California, for example,
has a long history of grandiose fuel-break programs going back to the 1930s.
From the 1950s through the 1970s, during the height of the Cold War with
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the former Soviet Union, nearly 2,000 linear miles of fuel breaks were carved
into national forests in California to prepare for conflagrations in the event of
thermonuclear war.10 Apparently no one in either the Forest Service or the
Department of Civil Defense dared to ask whether anyone would be willing
or able to fight forest fires after Los Angeles and San Francisco were incinerated. Regardless, this “Dr. Strangelovian” fuel-break program provides one
of the clearest historical examples of the fusion of firefighting and logging
with military objectives.

Although fire suppression is a key factor in the exclusion of fire across the
landscape, one of the many paradoxes of firefighting is that it involves a considerable amount of fire lighting. The old adage “Fight fire with fire” is routine procedure: firefighters are ordered to ignite many fires while suppressing
wildfires. In the most routine kind of suppression firing operation, called
“burnout,” firefighters ignite low-intensity fires adjacent to the fire line in
order to consume all surface fuels and “blacken” the fire line, thereby strengthening and securing it. Nearly every linear foot of perimeter fire line cut on
each large wildfire is burned out by firefighters, a practice that can add up to a
lot of acreage, depending on the total amount of fire line cut. In another kind
of firing operation, called “backfiring,” firefighters ignite a high-intensity fire
near a wildfire’s flaming edge, with or without a secured containment line, in
order to consume fuels and change the direction or force of a spreading wildfire. Together, burnouts and backfires can add up to more than a third of the
total burned acreage on large wildfires.14

While prefire fuel-break projects are gaining popularity in the Forest Service,
the most common form of fuel-break timber sale comes in the guise of postfire “salvage” logging. There are numerous examples throughout the Pacific
Northwest of “salvage” timber sales designed to create clearcut corridors as
fuel breaks, lessen what the agency calls “resistance to control,” and provide
sites for allegedly “safe, efficient” firefighting. For example, in the Biscuit Fire
Recovery Project in southern Oregon, the largest Forest Service timber sale
proposal in modern history, the agency intends to construct 309 linear miles
of fuel breaks throughout the Siskiyou National Forest.11 Much of this fuelbreak system will permanently maintain the fire lines left from the 2002
Biscuit Fire suppression operations.

Large unburned “green islands” in the interior of wildfires are often deliberately burned out to eliminate any pockets of unburned fuels within wildfire
perimeters. Such burns tend to shorten the time period needed to declare a
wildfire under control, but creating large, contiguous blocks of blackened soil
and vegetation can homogenize fire effects, reducing the beneficial landscape
diversity of fire patterns, commonly called the “fire mosaic.” As well, pockets
of unburned soil and vegetation offer critical refugia for native flora and fauna, especially soil microfauna, which provide vital sources of biological activity needed for natural postfire recovery processes. Thus, although burnouts
tend to be lower-intensity underburns, uniformly applied to the land they can
greatly reduce the beneficial effects of natural fires as agents in creating landscape, structural, and biological diversity.

The problem with these fuel-break “Maginot Lines” is that, like the German
army in World War II, under the right weather conditions wildfire is highly
mobile and is able to outflank or fly over these fixed fire line positions. Moreover, historically the Forest Service has failed to properly maintain or even map
extensive fuel-break systems. Once the commercial timber has been extracted,
the agency has had little financial incentive to return to these sites. Consequently, in the wake of these cut-and-run logging projects, soil disturbance
and increased sunlight enable grasses and brush to grow prolifically in the place
of trees, making these sites vastly more flammable than the original forest cover. Far from being sites for safe, efficient firefighting, as the Forest Service
claims they will be, these fuel breaks will become extremely hazardous fuel
beds that would be death traps for any firefighters seeking sanctuary in them.12

Backfires represent classic scorched-earth tactics, aiming to starve a wildfire
of any burnable fuel by creating a solid swath of charred vegetation. When the
timing and conditions are right, a backfire is effectively pulled into the main
fire and can lower its rate of spread and intensity. But in the “kill zone”
between the backfire and wildfire, radiant heat can reach peak levels, causing
extreme fire line intensity and high mortality of vegetation and wildlife
entrapped between the two flame fronts. When the timing or conditions are
wrong, backfires can literally backfire and burn in the wrong direction or never meet up with a wildfire. In 2000, 113 families in Montana’s Bitterroot Valley
sued the Forest Service over an errant backfire that destroyed their homes and
businesses.15 Less known is the fact that the fire that raged through Los
Alamos, New Mexico, in 2000 and destroyed over 200 homes was the result of
a backfire ignited on the Cerro Grande Fire at Bandelier National Monument.16
In 2004, a firefighter for the California Department of Forestry was killed
when a backfire unexpectedly changed direction and overran her crew.17

Tree felling occurs during a wildfire, too. Increasingly popular are “feller bunchers,” big logging machines that mimic Dr. Seuss’s “Super-Axe-Hacker” machine,13 as they have the ability to simultaneously cut, delimb, and deck trees
ready for commercial log truck removal. Put to work cutting fire lines in dense
tree stands, feller bunchers create long, linear clearcuts that resemble power
line paths minus the towers and cable. A recent Forest Service trend is to offer
postfire timber sales of trees cut alongside fire lines. For example, in the Siskiyou National Forest, the agency quickly sold nearly half a million board feet
of mature and old-growth trees that were felled during the Biscuit Fire. For the
cash-hungry Forest Service, this sale sets up a perverse incentive to cut excessive fire lines in order to generate timber sales soon after the smoke has cleared.
Opportunistically using the public’s socially conditioned fear of forest fires,
the Forest Service raises the specter of “catastrophic wildfire” as a justification to log old-growth trees before, during, and after fire. Essentially the same
arguments are used for prefire thinning, postfire salvage, and fuel-break timber sales: to reduce fuels, prevent fires, and prepare for firefighting. In so
doing, the Forest Service has apparently reversed means and ends: whereas
the agency formerly fought fires in order to log trees, nowadays it is logging
trees in order to fight fires. But it seems that the same logic that fueled the
American war in Vietnam is justifying these logging-for-firefighting schemes:
we have to destroy the forest in order to save it.

The two kinds of suppression firing operations are now fusing into a hybrid of
backfiring/burnout that for the sake of brevity has been dubbed “backburning.” Large-scale backburns are increasingly being ignited on wildfires during
extreme weather conditions or in rugged, steep terrain with limited road access,
such as wilderness and roadless areas. These conditions eliminate any pretense
of these being “controlled” fires. Backburning is also commonly used on fire
“complexes” (clusters of small fires, usually ignited by several lightning strikes
in a given area) to merge the small fires together into a single large fire perimeter. It is generally more efficient to cut fire line around a single large area than
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around many small areas. But backburns designed to merge fire complexes
also greatly add to the total acreage of wildfires and are a key factor in the
recent phenomenon of what that media have dubbed “megafires” (wildfires
several hundreds of thousands of acres in size). The news media are typically
obsessed with reporting the size of fires but rarely question fire managers about
the role backburns are playing in the increasing size and severity of wildfires.

wildfires from spreading even if they do not threaten any human communities
or are having beneficial ecological effects on the land. Regardless of the intentions of fire managers, the objective effects are clear: high-severity suppression firing operations provide Forest Service timber managers with an
opportunistic excuse to log areas that otherwise would be prohibited or
restricted from further commercial logging. The agency has thus revised the
firefighter’s mantra to “Light it, fight it, and log it.” The close relationship of
suppression firing to “salvage” logging raises the question, Are firefighters
being used as de facto timber sale marking crews, using fusees and drip torches instead of paint cans and plastic ribbons?

The federal government deploys a wide arsenal of incendiary devices to ignite
burnouts and backfires: handheld drip torches and fusees (similar to road
flares); flares launched by special pistols and mortars; truck-mounted
flamethrowers called “terratorches”; helicopters with suspended barrels of
flaming diesel fuel called “helitorches”; and aircraft-delivered incendiary
bomblets called “ping-pong balls.” In some cases, ordnance is delivered to
ground crews who are ordered not to return to fire camp with any of it unused.
Ironically, after igniting burnouts, firefighters must “mop up” the area closest
to the fire line to extinguish all visible smokes. The working mantra of firefighters is “First we light it, then we fight it.” The experience of firing out
forests and torching up whole mountainsides in the dark rivals the adrenaline
rush of military combat, with one exception: there is no enemy firing back.

The War Against the Wild Siskiyous:
Biscuit Firefighting Actions and Effects
The Klamath-Siskiyou bioregion in northern California and southern Oregon
is world renowned for its complex geology, rushing wild rivers, fire-sculpted
forests, and rich diversity of endemic plants. Comprised of fire-adapted
ecosystems in the largest wilderness and roadless area complex on the Pacific
coast, this rugged, remote landscape is truly the realm of Sasquatch. It is the
last place on earth that should have been the target of a military-style suppression siege, which happened during the 2002 Biscuit Fire. Adding further
insult to injury, the Forest Service followed up with a proposed half-billionboard-foot salvage timber sale in the Biscuit burn—the largest Forest Service
timber sale proposal in modern history.20

The irony of fighting fire with fire is that, with the right motives and methodology, these suppression fires could be the most natural and least damaging
way to manipulate fire spread and mitigate fire severity. Indeed, using natural
ignitions as trigger points for the times and places to burn, firefighters could
utilize burnouts and backfires to steer flames into areas that planners have
previously identified as needing to burn for various ecological restoration reasons, and to stop fire from spreading into areas that for social reasons should
not burn, such as near towns. Unfortunately, suppression firing operations are
usually implemented without any concern for ecological effects or restoration
objectives; instead, they are part of a single-minded focus on containing and
controlling wildfire at any cost. Consequently, managers often order firefighters to ignite backburns during severe fire weather conditions, or to light fires
at the base of steep, densely vegetated slopes, and these methods tend to maximize mortality of big trees and to minimize any semblance of human control
over the spread or intensity of the backburn.

On the Biscuit Fire, approximately 405 miles of fire line were constructed in
the course of two months. This compares to the 500 miles of logging roads in
the entire Siskiyou National Forest that were plotted and put in over the course
of 60 years. Many fire lines used existing logging roads, hiking trails, primitive
jeep trails, or even old fire lines from the 1987 Silver Fire—which were easy
to locate since they had not revegetated after 15 years’ time—and “improved”
them with bulldozers.21 Other fire lines were plotted through virgin forest
stands in unroaded areas.
Fire lines were carved into steep and highly erosive slopes comprised of serpentine soils. These sensitive soils are especially prone to erosion and landslides, and are slow to revegetate. Out of approximately 160 total miles of
dozer lines, over 57 linear miles were carved into serpentine soils. Moreover,
at least 9 miles were constructed within fish-bearing riparian zones, and dozers plowed straight across streams nearly 200 times.22 During certain periods
of the fire, 30 bulldozers were running 24 hours a day.

The most perverse aspect of suppression firing operations involves their relationship to postfire salvage logging. Given the knee-jerk institutional response
of the Forest Service to try to “salvage-log” all the commercially valuable
scorched trees it can, the larger the wildfire, the larger the salvage sale. This
issue first came to light after the arson-ignited 1991 Warner Creek Fire in
Oregon, where many of the units proposed for postfire salvage logging were
in the same areas deliberately burned out or backfired during suppression
operations. Worse, many of these areas were designated habitat conservation
areas in an inventoried roadless area that had strict prohibitions against commercial logging, but these restrictions were eliminated by the Forest Service
simply because the stands had burned.18 More recently, in the 1999 Big Bar
Fire in northern California and the 2002 Biscuit Fire—both of them extensively backburned and coincidentally the largest wildfires in the country those
years—the Forest Service proposed salvage timber sales in old-growth reserves
and roadless areas that were backburned.19

In this area with world-class wild rivers, Biscuit Fire suppression records reveal
that in just one management zone of the fire, half a million gallons of fire retardant were used, at a cost of nearly $600,000. On one day alone (August 14),
nearly 105,000 gallons were used. It was further documented that fire retardant was dropped within some riparian areas, including heavy direct applications into tributaries of the lower Illinois Wild and Scenic River.23 Retardant
dumped onto serpentine soils poses the danger of fundamentally altering the

Some forest conservationists are highly suspicious: the supposed coincidence
that large-scale backburns become large-scale salvage timber sales they see as
a matter of conspiracy. In my opinion, large-scale backburns are ignited not
with future salvage logging in mind, but with the myopic obsession to stop

Following pages: Water truck attacks a burnout, Biscuit Fire,
Siskiyou National Forest, Oregon, 2002. Firefighting is much like
war, including its use of aircraft, an army of “fighters,” and heavy
equipment such as bulldozers and fire trucks.
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soil chemistry, to the detriment of the endemic plants that have evolved with
the ability to grow on these naturally nutrient-poor soils, and to the benefit of
invasive weeds, which take advantage of the fertilizer in the retardants.
Countless big old trees were felled during fire line construction, mop-up, and
hazard-tree removal. There were several near-miss accidents and reports of
falling crews engaging in “recreational” tree falling. Fire lines constructed in
the northern portions of the Biscuit were located in areas of mature conifer
forest, and many old-growth trees were felled with dozers and feller bunchers.
Even before the wildfire had been contained, fire line logs were limbed, bucked
into 40-foot lengths, and then decked for ease of commercial removal. At the
time of this writing (August 2005) the Siskiyou National Forest managers
have authorized the commercial extraction of approximately 10 million board
feet of so-called “hazard” trees alongside roads and fire lines, nearly all of
which had been burned out during the fire. Another 372 million board feet of
trees are planned for “economic recovery” in salvage timber sales.

Vexing questions remain as to whether the wildfire would have naturally
spread to the areas that were backburned, and if it had, would it have burned
with the same intensity or severity as the backburns? A more troubling issue
from an ethical standpoint is the Forest Service’s intention to salvage-log areas
that were previously protected from commercial logging (for example, wildlife
habitat reserves and inventoried roadless areas) because they were intentionally burned by suppression firing operations. One thing is clear, though: even
if the Forest Service’s salvage timber sale is stopped and the logging industry
does not pluck another blackened tree from the burn, the war on wildfire has
claimed another victim, for some of the worst “war crimes” occurred in one of
the best wild places left in the continental United States.

tists, conservationists, local communities, and other concerned citizens as fully informed partners collaborating in forest fire planning and management.
One important first step in this process is to subject the fire suppression program to a rigorous scientific analysis using the provisions of the National
Environmental Policy Act (NEPA). The direct, indirect, and cumulative environmental effects of firefighting are inflicting a serious toll of damage and
destruction on some of America’s most precious wildlands. The time to do
NEPA analysis is not after a fire ignites, but long before. Prefire NEPA studies
should perform trade-off analyses comparing the social and environmental
effects of suppression actions versus prescribed fire, managed wildland fire
use, and wildfire without any management actions.

Declaring Martial Law:
Public Closures and Forest Management by Government Decree

The federal government will never voluntarily take the initiative to do such
suppression studies; thus it is going to require a national educational campaign, litigation, and legislation to compel the federal land management
agencies to utilize and comply with NEPA regulations in planning fire
management programs. Federal land managers must fully disclose to the
American people the safety risks to firefighters, economic costs to taxpayers,
and environmental impacts to fire-adapted ecosystems from aggressive fire
suppression. Federal fire management must become less technocratic and
more democratic if it is to succeed in fulfilling the Forest Service’s motto of
“caring for the land and serving people.”

The war on wildfire not only is devastating to native ecosystems, it also has
dangerous consequences for democratic society. Every large fire suppression
incident is declared a “state of emergency” in which the normal rules of government behavior do not fully apply. First, citing concerns for “public safety,” the local Forest Service supervisor declares a federal closure around a
wildfire area. Federal closures prohibit citizens from entering public land
a manager declares off-limits. Armed Forest Service guards enforce closures,
and citizens can be arrested for trespassing on their own land if they trek
past a closure boundary. Some of these closures can be sweeping in size; for
example, the entire Siskiyou National Forest—over 1,700 square miles—
was closed to the public during the Biscuit Fire. Citizens could not set foot
anywhere on the forest, even on areas several miles away from the wildfire
or any suppression activities.

An issue gaining much attention from local conservationists is the scale and
severity of suppression firing operations: a historically unprecedented amount
of backburning occurred during the 2002 Biscuit Fire. The press and politicians made a lot of noise about the 500,000-acre size of the fire—the largest
wildfire in Oregon in over 100 years. Yet, according to independent analysis
conducted by this author, approximately 107,000 acres were burned from
suppression firing operations in just one of four total incident management
zones of the fire, covering roughly one-third of the total wildfire area. (I was
not able to examine records for the other three zones, but anecdotally it is
known that extensive backburning occurred in these areas, too.)
For several locations, suppression records reveal that the backburns were the
major source of active burning or fire spread. In some areas, burnouts were
ignited along fire lines that were located as much as 8 miles away from the
main fire. For some of the backburns, aerial ignition was used even though the
ignition sites were located on steep slopes with heavy fuels that managers predicted would cause extreme fire behavior. Some backburns lasted several days,
burning strips for over 30 miles and encompassing 30,000 acres in a single firing operation.24 In fact, some of the Biscuit backburns were larger than most
of the other wildfires burning elsewhere in Oregon during the 2002 fire season.

Second, the nation’s environmental protection laws, as well as Forest Service
standards and guidelines, conservation strategies, and general forest plans,
are all essentially unenforced, if not suspended, for the duration of the “state
of emergency.” Bedrock conservation laws such as the National Environmental
Policy Act, the National Forest Management Act, the Endangered Species Act,
and the Clean Water and Clean Air acts are not applicable to the actions of the
federal government while it is engaged in emergency fire suppression. In this
situation, forest management is totally at the discretion of Forest Service managers unencumbered by the normal inconvenience of complying with federal
laws, agency regulations, or public involvement.

The firing operations are credited by the Forest Service with helping to successfully contain the wildfire, stopping its spread toward the communities
located in the Illinois Valley. However, during the episodes of major fire spread,
winds were actually pushing the wildfire westward away from the communities, thereby facilitating the successful control of the large-scale burnouts.
Ironically, the closest the Biscuit Fire ever came to the rural communities in
the Illinois Valley was the result of the backburns, not the wildfire itself.

The federal government does not engage in environmental analysis or citizen
input in fire suppression operations, and the Forest Service believes there
really is no law or regulation that constrains it from doing anything anywhere
it chooses to fight a fire—it is a virtual state of martial law. Suppression plans
are drafted by incident commanders who hand them down the military-style
chain of command to fire crews who must carry out orders without question.
Funded with nearly unlimited tax dollars at their disposal from the Emergency Fire Fighting Fund, “nameless, faceless bureaucrats” working as fire
incident commanders are truly all-powerful technocrats. But managing public forests by government decree is fundamentally antidemocratic, and suppressing and excluding fires that burn in fire-dependent ecosystems is
fundamentally antiscientific and antiecological.

The backburns ran the full range from low-severity underburns to high-severity crown fires. In terms of the environmental effects of the backburns, the
Biscuit Fire Recovery Project Environmental Impact Statement presents some
stark figures: in two old-growth reserves that were extensively backburned,
40,536 acres of late-successional habitat and 37,244 acres of suitable spotted
owl habitat were severely burned. Arguably, the starkest indication of the
severity of the suppression firing operations is their association with proposed
salvage logging units: approximately 11,275 acres of the Forest Service’s proposed salvage logging units are located in areas that were backburned.25

It is time for the American people to force federal land management agencies
such as the Forest Service and Bureau of Land Management to include scien-
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need for some suppression activities. But the very meaning and definition of
suppression must change on the level of a paradigm shift to reflect a new, emerging restorationist ethos, and to conform to some system of democratic citizen
involvement and government accountability. Suppression should no longer be
practiced as the myopic attempt to aggressively contain and control fires to the
least possible size or duration. Rather, suppression should be redefined to mean
reducing unnatural severity of fires while permitting them to burn as much
acreage as safely possible to meet ecological restoration objectives.
One suggestion for putting this new suppression philosophy into practice is to
stop doing “perimeter control” to corral every wildfire within a containment
line, and thereby avoid all the resource damage associated with fire lines, especially when conditions are ideal for ecologically beneficial burning. Instead,
firefighters should switch to a system of “point protection” to keep flames away
from specific sites of high social or ecological value that cannot tolerate burning. This way, more acreage can burn under appropriate environmental conditions for desired fire behavior and fire effects while our limited suppression
forces are focused on those places where they will have the maximum need
and effectiveness. In effect, suppression will involve strategic management
actions to try to slow or steer fires rather than simply stop them. Ultimately,
what is most needed is a deep, long-range vision of ecological integrity coupled
with a restoration ethos to ensure that every fire management action, including
suppression, meets carefully planned socioecological objectives.

Stopping the War on Wildfire
To fully actualize the social, cultural, and ecological changes necessary to
enjoy a peaceful coexistence with wildland fire will require the creation of new
language, for the discourse of fire management is thoroughly tainted with war
metaphors. From terms such as “initial attack” to the foundational concept of
“firefighting,” this language is not only flawed, it is inaccurate. The bottom
line is that although we call it firefighting, we are not really fighting fires; we
are fighting forests. We are not making war on wildfire; we are making war on
wildlands. Perhaps someday in the future the label firefighter will become
anachronistic and obsolete, to be replaced by terms more representative of the
fire restoration mission ahead, such as fire guider or pyrotechnician. Such
efforts to change social consciousness through altering common language will
require, as renowned fire historian Stephen Pyne suggests, a “new narrative”
crafted by novelists, artists, philosophers, pundits, and poets.26

Formerly perceived as the forester’s worst foe, wildfire has paradoxically
become the federal government’s best friend. Fire allows federal agencies such
as the Forest Service access to money, lands, and power inconceivable in any
other circumstance. As American society at large marches steadily toward a
more militarized culture with the war against terrorism, the ongoing and escalating war against wildfire promises to militarize forest management—to the
detriment of democracy as well as ecology. It is quite likely that in the near
future, the equivalent of the Department of Homeland Security will be created
for fire management: a superbureaucracy combining all the fire programs of
all the federal land management agencies. Fire management will be put on a
permanent war footing; citizen rights to information and access to their own
lands will be highly restricted; laws will be changed to exclude court oversight; and government actions will be less politically or legally accountable.

Wildland firefighters are widely regarded as heroes by the public, and it will
indeed take some heroic firefighters to stand up and speak out for fundamental change in fire management programs, policies, and practices. Other fire
professionals—including scientists, managers, and educators—will also need
to articulate a vision for progressive change. Rural homeowners preparing
their properties for wildfire will also need to serve as model citizens showing
their neighbors how to live with fire. It will require something similar to a
“peace movement” to end the current militaristic style of fire suppression.
The vanguard of this movement will most likely be ground-level wildland
firefighters who can speak truth to power as “veterans for peace” with unrivaled moral authority. It is time for this war to end, to declare “victory” and
go home, and to invest the “peace dividend” from the billions of dollars wasted in futile fire suppression in long-term projects to prepare fire-adapted communities and restore fire-adapted ecosystems. Engaging in ecological
restoration promises not only to heal the land but also to heal our (dis)connections with the land, and to reconnect us with our species’ long-forgotten
ecological legacy as torchbearers of terrestrial fire.

The recent “100 Years’ War” against wildland fire promises to become a millennial crusade, since there will be no final victory; indeed, as long as the sun
shines, the rain falls, vegetation grows and dies, and lightning strikes, there
will be fires. It is a given that wildfires will continue to ignite and burn in
America’s wildlands, but it is not a necessity that we should react to them in a
militaristic manner, “fighting” all fires and battling all blazes with no regard
for the risks, costs, and impacts of suppression. The warlike approach to wildfire suppression and fire management will go on racking up untold social and
ecological costs until an informed citizenry forces the government to end its
warmongering. For numerous ecological and social reasons, a new, peaceful
coexistence with wildlands and wildfires must be established, based on a
renewed respect for the wildness of nature.
To stop making warfare on wildfire does not mean that society should stop all
fire suppression. As long as there are human communities and natural resource
values at risk of unwanted damage from wildland fires, there will always be a
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INTRODUCTION
Learning to Live with Fire-Dependent Ecosystems

T

he public fears fire. In general, this is a rational response. None of us
want to see our homes set ablaze or our lives threatened by flames.
Yet protecting homes from a fire caused by a wood stove or bad wiring should not be put in the same category as protecting homes from a wildlands fire. Wildlands are, by definition, influenced by natural processes, and
fire is one of the most important in shaping landscape features and values.
Not only is it undesirable to control fires across most of the landscape, it
isn’t working. Wildfires are larger than ever. More homes and lives are being
put at risk or lost each year.

the most effective in certain areas, prescribed burning is an ideal tool for
reducing fuels and fire severity near buildings and communities, and for this
reason I have chosen to highlight this technique in this book. Although prescribed fire is commonly used by land management agencies, its role needs to
be greatly expanded. As Ingalsbee points out, a fraction of the money now
used to fight fires is allotted to prescribed burning. If we put the same resources
currently expended on fighting fires toward restoring fire to the landscape and
fireproofing homes, our communities would be far safer, our forests and rangelands far healthier, and the risk of catastrophic blazes far less.

We possess a war mentality toward fire because we view fire as an enemy. What
we need is a change of perspective to see fire as a creative and life-sustaining
process—a force we live with, rather than fight. An important part of this
transformation is to make our communities safe, so people feel comfortable
with wildfires, while at the same time restoring fire to the landscape. Each of
the following essays tries to address these issues.

While prescribed burning is a useful tool, it should not replace good community and land use planning. Crystal Stanionis and Dennis Glick explore how
uncontrolled sprawl contributes to the ever-increasing costs of fire suppression. Building a house in an isolated canyon or perched upon some mountaintop may seem romantic, but such homes are infinitely more difficult to defend
against flames than homes constructed in a compact city or town. The authors
argue that firefighting and fire suppression costs are one of the uncounted
expenses of sprawl not currently considered in land use debates.

Southwestern ponderosa pine ecosystems are perhaps the most altered by past
failed policies such as logging, livestock grazing, and fire suppression. In the
opening essay, Craig Allen and his coauthors discuss the need for fire restoration in southwestern ponderosa pine forests. They advocate reestablishment of
forest processes, particularly fire, that will ultimately lead to a natural range of
variation in composition and structure, as determined by existing climatic conditions. The authors suggest that we permit natural wildfires to burn unimpeded in wilderness areas, parks, and other larger roadless areas. In other words,
where, when, and how fires burn will largely be determined by nature in these
places. Where forests are close to communities, the authors cautiously support
the addition of small-diameter tree thinning—with safeguards to ensure that
political and economic interests do not drive the process. Such thinning would
occur in conjunction with prescribed fire to reduce fuel loadings, after which
either prescribed or natural fires would continue to maintain forest health.

John Krist suggests in his essay that taxpayers and politicians who respond to
fire losses with public funds for rebuilding in the same fire-prone landscapes
are exacerbating the conflicts between humans and fire. Rather than discouraging such unwise decisions, the current system insulates people from the costs
as well as the consequences of their choices by spending millions or billions of
dollars in trying to keep these structures from burning up—and by reconstructing them with disaster relief funds in the aftermath of a blaze.
Finally, Brian Nowicki and Todd Schulke round out this section by describing
the many ways in which individual homeowners and communities can reduce
the risk from wildfire, and thus the presumed “need” for fire suppression.
Simple measures such as removing trees near homes and using nonflammable
roofing materials can greatly diminish wildfire hazard. Placing more responsibility on homeowners and communities for their own fire protection would
redirect the war on wildfire toward learning to live with wildfire.

Timothy Ingalsbee looks at prescribed burning and prescribed natural wildfire use as a fire management tool. While not necessarily the only method, or

232–233: Large smoke plume from the Blue Fire, Alturas, California, 2001.
Opposite: Flaming trees act as ladder fuels to carry fire into the forest
canopy, Grand Teton National Park, Wyoming, 2000.
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ECOLOGICAL RESTORATION OF SOUTHWESTERN
PONDEROSA PINE ECOSYSTEMS
A Broad Perspective
Craig D. Allen, Ph.D.; Melissa Savage, Ph.D.; Donald A. Falk, Ph.D.; Kieran F. Suckling; Thomas W. Swetnam, Ph.D.;
Todd Schulke; Peter B. Stacey, Ph.D.; Penelope Morgan, Ph.D.; Martos Hoffman; and Jon T. Klingel
The recent emergence of large, stand-replacing fires in southwestern ponderosa pine forests is but one
symptom of pervasive ecological alteration by fire exclusion, grazing, and logging. Ecological restoration
of the natural diversity of these forests is needed to reduce fire hazard and restore more resilient
landscapes. This will require diverse and flexible treatments, long-term perspectives and persistence,
further learning as we go along, and patience.

Craig D. Allen, a place-based research ecologist with the USGS Jemez
Mountains Field Station at Bandelier National Monument (New Mexico),
studies the ecology and environmental history of southwestern landscapes.

A

bstract: Our purpose here is to promote a broad and flexible perspec-

tive on ecological restoration of southwestern (U.S.) ponderosa pine
forests. Ponderosa pine forests in the region have been radically
altered by Euro-American land uses, including livestock grazing, fire suppression, and logging. Dense thickets of young trees now abound, old growth
and biodiversity have declined, and human and ecological communities are
increasingly vulnerable to destructive crown fires. A consensus has emerged
that it is urgent to restore more natural conditions to these forests. Efforts to
restore southwestern forests will require extensive projects employing varying
combinations of young-tree thinning and reintroduction of low-intensity fires.
Treatments must be flexible enough to recognize and accommodate: high
levels of natural heterogeneity; dynamic ecosystems; wildlife and other biodiversity considerations; scientific uncertainty; and the challenges of on-theground implementation. Ecological restoration should reset ecosystem trends
toward an envelope of “natural variability,” including the reestablishment of
natural processes. Reconstructed historic reference conditions are best used as
general guides rather than rigid restoration prescriptions. In the long term,
the best way to align forest conditions to track ongoing climate changes is to
restore fire, which naturally correlates with current climate. Some stands need
substantial structural manipulation (thinning) before fire can safely be reintroduced. In other areas, such as large wilderness and roadless areas, fire
alone may suffice as the main tool of ecological restoration, recreating the
natural interaction of structure and process. Impatience, overreaction to
crown fire risks, extractive economics, or hubris could lead to widespread
application of highly intrusive treatments that may further damage forest
ecosystems. Investments in research and monitoring of restoration treatments
are essential to refine restoration methods. We support the development and
implementation of a diverse range of scientifically viable restoration
approaches in these forests; suggest principles for ecologically sound restoration that immediately reduce crown fire risk and incrementally return natural
variability and resilience to southwestern forests; and present ecological perspectives on several forest restoration approaches.

Melissa Savage, professor emerita, Department of Geography, UCLA, and
current director of the Four Corners Institute in Santa Fe, specializes in
southwestern forest restoration and sustainable local communities.
Donald A. Falk is an associate professor at the University of Arizona’s
Laboratory of Tree-Ring Research, where his work focuses on fire history, fire
ecology, dendroecology, and restoration ecology, including multiscale studies
of fire as an ecological and physical phenomenon.
Kieran F. Suckling is biodiversity program director of the Center for
Biological Diversity, where his work focuses on restoring imperiled species
and habitats. He has designed ponderosa pine restoration programs in
New Mexico and Arizona.
Thomas W. Swetnam, professor at University of Arizona since 1987
and director of the Laboratory of Tree-Ring Research, uses tree rings to
reconstruct the history and dynamics of forests in the context of climatic
variations and human-caused changes.
Todd Schulke is forest program director for the Center for Biological
Diversity. He has been widely involved in Southwest conservation efforts,
including forest protection and restoration, since 1990.
Peter B. Stacey is a research professor at the University of New Mexico,
with interests in behavioral ecology, conservation biology, and restoration
ecology. His recent research includes endangered owls and flycatchers.
Penelope Morgan teaches and pursues research in the fire ecology of
western forest landscapes. She earned her Ph.D. degree from University
of Idaho, and M.S. and B.S. degrees from Utah State University.
Martos Hoffman is a plant ecologist and educator focusing on public land
management policies and practice. He was formerly executive director of the
Southwest Forest Alliance, a coalition of regional conservation groups.
Jon T. Klingel is a mammalogist, retired from the New Mexico Department
of Game and Fish and now doing volunteer work in places like the Galapagos
Islands and Alaska.

Introduction
The Pinus ponderosa (ponderosa pine) forests of the American Southwest
(Arizona, New Mexico, and adjoining portions of Utah and Colorado) have

Pine needles burning in a ground fire.
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experienced major changes in ecological structure, composition, and process
because of recent human activities (Figure 1). Over a century of livestock grazing, fire suppression, logging, road construction, predator control, and exoticspecies introductions has altered most southwestern ponderosa pine forests
from conditions that had prevailed for thousands of years (Covington and
Moore 1994, Swetnam et al. 1999). A critical change has been a dramatically
increased vulnerability of these forests to large, destructive crown fires that
threaten both human and ecological communities.

to have declined in abundance due to habitat alterations. Hydrologic cycles
have been modified in more densely forested watersheds, likely decreasing total
streamflows, peak flows, and base flows (Ffolliott et al. 1989). An increase in
number, size, and severity of stand-replacing fires (Dahm and Geils 1997,
Swetnam and Betancourt 1998, Hardy et al. 1999) threatens both human and
ecological communities (Moir and Dieterich 1988, U.S. General Accounting
Office 1999). The aftermath of such fires includes short-term amplification of
erosion and flooding (Agee 1993, White 1996, Robichaud et al. 2000).

A general consensus has emerged that it is urgent to restore more natural conditions to these forests, but substantial debate persists about how to best
achieve this goal (Nijhuis 1999, Covington 2000, Kloor 2000, Jenkins 2001).
Our purpose here is to promote a broad and flexible perspective on ecological
restoration of southwestern ponderosa pine forests. We support the development and implementation of a diverse range of scientifically viable restoration
approaches in these forests that address the critical issues of forest heterogeneity, scientific uncertainty, and effects on wildlife. In addition, we suggest
principles for ecologically sound restoration approaches. It is not our intention
to emphasize a critique of any particular model, but we do present ecological
perspectives on several alternative forest restoration approaches.

Landscape scars created by total canopy destruction may persist as grasslands
or shrublands for decades to centuries because ponderosa pine seed production
and recruitment is erratic, and the relatively heavy, wingless seeds cannot disperse far from surviving, mature trees. For example, large portions of the 1950
A1 fire near Flagstaff, Arizona, remain as grassland, and the 1953 Circle Cross
Fire in the Sacramento Mountains, New Mexico, contains much persistent
shrubland (M. Savage, unpublished data). If the current trajectories of anthropogenically driven change continue, serious ecological damage to ponderosa
pine ecosystems will accumulate (Covington et al. 1994, Noss et al. 1995).

Background
Southwestern ponderosa pine ecosystems were shaped through time by
stochastic and deterministic processes, including frequent surface fires, episodic regeneration, insect infestations, and regional climate events such as
droughts (Dahm and Geils 1997, Allen and Breshears 1998, Kaufmann et al.
1998, Swetnam and Betancourt 1998). These processes contributed to heterogeneous forest spatial patterns at local and landscape scales (Cooper 1960,
White 1985), with pattern shifts through time within a natural range of variability (Swetnam et al. 1999).

These worrisome trends have long been evident to some forest scientists and
ecologists (Weaver 1951, Cooper 1960). Only recently, however, has a broad
scientific, social, and political consensus emerged that restoration of ecological
sustainability in southwestern ponderosa pine forests is necessary and urgent
(Covington and Moore 1994; Covington et al. 1994, 1997; Suckling 1996;
Nijhuis 1999). This social and political consensus has developed rapidly in
response to recent major wildfire seasons, such as 2000, when 3 × 106 hectares
burned nationwide (Figue 2). Although much of this burned area was in nonforested landscapes, or in high-elevation forest types that are adapted to highintensity fires (Morrison et al. 2000), ecologically worrisome crown fires in
ponderosa pine and mixed-conifer forests were common, and are a chief focus
of concern. Much of this concern also stems from the fact that urban encroachment into these pine-dominant forests is extensive and increasing.
Figure 2.

View looking northwest at the Cerro Grande Fire on the afternoon of May 10,
2000, as it burned toward Los Alamos, New Mexico. Similar large, stand-replacing fires
are becoming increasingly common in southwestern ponderosa pine forests.

Ecological restoration efforts in the United States have recently been proposed
for millions of hectares of public lands by federal, state, and local government
agencies (e.g., USDI 2000; U.S. Forest Service 2000; USFS and USDI 2000a,
2000b; Marston et al. 2001; Matthews 2001; Western Governors’ Association
et al. 2001). These restoration proposals generally seek to thin forests with
combinations of tree harvesting and prescribed burning to increase resilience
to natural disturbance events such as fires, insects, and regional drought, and
thereby reduce the risk of catastrophic fire events.

(Tucson, Arizona) offers the following definition of “ecological restoration”:
“the process of assisting the recovery and management of ecological integrity.
Ecological integrity includes a critical range of variability in biodiversity, ecological processes and structures, regional and historic context, and sustainable
cultural practices.” Several key issues suggest a need for a broad perspective
on ecological restoration of southwestern forests: high levels of natural heterogeneity across forest landscapes; current and future conditions that may fall
outside the natural range of variability; wildlife habitat and other biodiversity
considerations; and our imperfect understanding of these complex systems.
We focus here on ecological considerations in ponderosa pine forest restoration, acknowledging that the success of restoration programs also requires
political, financial, and social support. Our intent is not to exclude such dimensions, but to clarify the scientific basis for forest restoration programs.

Vigorous public and scientific debates have developed over the relative risks
and trade-offs of different approaches to restore forests in the Southwest
(Suckling 1996, Nijhuis 1999, Covington 2000, Kloor 2000, MacNeil 2000,
Jenkins 2001), as in other regions (Brown 2000, Marston et al. 2001). Silvicultural approaches focused on tree harvest have been criticized based on
concerns that short-term economics rather than ecological sustainability or
decreasing fire hazard are the real underlying justifications of treatments.
Although prescribed fire programs have been underway for several decades,
the scale and intensity of these restoration efforts have been inadequate to
reverse the overall trends of degradation in southwestern pine forests. Concerns about excessive smoke and the risks of prescribed burning (highlighted
by the Cerro Grande Fire of 2000) have also constrained public support for
the use of fire alone as a restoration treatment.

Since European settlement in the middle to late 1800s, pervasive changes
have tended to homogenize ponderosa pine forest patterns in the Southwest.
Large trees have decreased in number due to logging. Historic livestock grazing and fire suppression have promoted the development of unnaturally dense
stands of suppressed young trees. This condition now threatens the remaining large trees through competition and by fueling increasingly extensive
crown fires (Covington and Moore 1994, Covington et al. 1994), as in ponderosa pine forests of other regions (Agee 1993, Everett et al. 1997, Smith
and Arno 1999). In some stands, species compositions have shifted toward
less fire-resistant trees such as Abies concolor (white fir), Pseudotsuga menziesii (Douglas-fir), and Juniperus (juniper) species. These changed conditions now affect millions of hectares of ponderosa pine in the Southwest (U.S.
General Accounting Office 1999).

the importance of heterogeneity in time and space
Ecological restoration requires an understanding of, and respect for, the variability of ponderosa pine ecosystems across the Southwest. These forests are
created by dynamic interactions among natural processes (such as fire) and
forest structure (such as tree density and canopy openings), across variable
landscapes. Regeneration and disturbance patterns interact with long- and
short-term climate fluctuations and human activities to influence fire frequency, intensity, size, seasonality, and severity (Baisan and Swetnam 1997,
Swetnam and Betancourt 1998, Kaye and Swetnam 1999, Grissino-Mayer
and Swetnam 2000). Forest patterns and processes often exhibit lagged
interactions with climate fluctuations, along with substantial inertia in the
face of climate change. Consequently, forests often exist in disequilibrium
with current climate.

A Broad Restoration Perspective
We offer here a broad perspective on the ecological restoration of southwestern United States ponderosa pine forests. We propose not so much a contrast
from current models as an expanded view that encompasses and supports a
diverse range of scientifically viable restoration approaches. This includes the
current, most widely debated and applied southwestern ponderosa pine model, which involves a relatively precise restoration of presettlement stand structures (Moore et al. 1999). There is a clear need for reference-based approaches
that integrate structure, composition, and ecosystem processes. Such restoration models need to be adequately flexible to address the diverse ecological
and social conditions in southwestern forests. We believe that the practice of
ponderosa pine restoration will be best served by a variety of approaches
across a broad range of forest settings.

Alteration of stand structures and species compositions has in turn altered natural processes in southwestern forests. Understory grasses and forbs have
decreased in abundance and diversity (Covington and Moore 1994, Bogan et
al. 1998), replaced by deep mats of slowly decomposing pine needles. As a
result, nutrient cycling dynamics have been disrupted (White 1994) and overall biodiversity levels decreased (Allen 1998). Old-growth ponderosa pine
forests have become rare (Harrington and Sackett 1992, Noss et al. 1995),
and meadows have shrunk due to tree encroachment (Swetnam et al. 1999).
Some vertebrate animal species, such as the northern goshawk (Reynolds et al.
1992, U.S. Fish and Wildlife Service 1998; but see Kennedy 1997), are thought

Figure 1. Ponderosa pine forests of the American Southwest. Top: Open ponderosa pine
forest representing “typical” pre-1900 conditions, with grassy understory and surface fire
activity. Bottom: Altered ponderosa pine stand in need of restoration, showing changes in
both stand structure and species composition. The dense midstory of mixed conifer trees
provides ladder fuels that favor crown fire development.
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Variability in structure and process means that patterns of stand density,
species composition, and disturbance regimes differ significantly across landscapes and throughout the region. Ponderosa pine grows across a 1,500-meter
elevational gradient in many mountain ranges (e.g., Allen and Breshears
1998), with at least 21 different ponderosa pine “habitat types” recognized
across diverse landscape conditions in the Southwest (Alexander and Ronco
1987). Documented pre-1900 mean fire return intervals varied from about 4
to 36 years in southwestern ponderosa pine forests (Swetnam and Baisan
1996). Postsuppression species compositions have been markedly affected
by increased recruitment of fire-sensitive Pinus edulis (pinyon) and juniper species at low elevations and mixed-conifer species at higher elevation

Ecological restoration aims to enhance the resilience and sustainability of
forests through treatments that incrementally return the ecosystem to a state
that is within a historic range of conditions, known as the “natural range of
variability” (Landres et al. 1999). The Society for Ecological Restoration
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(Figure 1). Mature tree densities (greater than 30 centimeters [12 inches] in
diameter at breast height) measured circa a.d. 1900 in southwestern pine
ecosystems ranged between 19 and 126 trees/hectare (8–51 trees/acre)
(Woolsey 1911), whereas today densities of all live stems often exceed 2,470
trees/hectare (1,000 trees/acre) (Allen 1998; D. Falk, unpublished data).

cessfully opened up ponderosa pine stands, and helped to reestablish grassy
understories. A key to the Gila’s success was a sufficiently large area where
smoke and threats of occasional flare-ups during the burning season (sometimes months) do not threaten urban areas. Another key to this success was
that managers were patient and incremental in implementing the burning program; most of the large fires were initially allowed to burn only during the relatively cool and wet season after the start of the Southwest monsoons in July
or August. Although such large, roadless areas are uncommon, the Gila’s
example shows that mechanical thinning is not always a prerequisite for forest
restoration treatments with fire.

This variability in ponderosa pine forests affects management approaches,
as recognized by Pearson (1950: 13): “Foresters are constantly reminded
that since conditions change from one place to another, management cannot
be uniform.” Ecological restoration should recognize and retain the natural
heterogeneity characteristic of presettlement forests (White and Walker
1997). Given the heterogeneity of southwestern ponderosa pine forests, identifying general ecological reference conditions for restoration goals can be
difficult, if not arbitrary.

Restoration aims to eventually move forests back to within the natural range
of variability. However, this need not necessarily be accomplished in the first
treatment or tied to a particular moment in time or past forest structure. Initial
treatments can be designed to markedly decrease crown fire risks at stand and
landscape scales by decreasing the continuity of hazardous fuel conditions.
Conservative initial treatments would be the minimum necessary to reduce
vulnerability to stand-replacement fire to an acceptable level. We propose that
conservative, incremental treatments involving both mechanical thinning and
fire over time periods of years to decades are ecologically appropriate and
advisable for many southwestern forests.

use of the natural-range-of-variability
concept for restoration
The concept of “natural range of variability” has some theoretical flaws
and practical limitations (Landres et al. 1999, Millar and Wolfenden 1999,
Swetnam et al. 1999) but nevertheless has proven useful as a framework for
evaluating the current status of ecosystems relative to past conditions, and for
identifying ecologically justifiable restoration goals (Kaufmann et al. 1994,
Morgan et al. 1994, White and Walker 1997, Landres et al. 1999). Southwestern forests experienced some level of human influence for thousands of
years, but human-caused changes in ponderosa pine after 1850 far exceeded
the influence of indigenous people (Covington et al. 1994, Kaye and Swetnam
1999, Allen 2002). In particular, the cessation of the historical regime of frequent, low-intensity fires has pushed structural characteristics of many forests
well outside the natural range of variability that existed over the past millennium (Swetnam et al. 1999).

There is a clear need to begin widespread restoration treatments now to reduce
the threat of catastrophic fire. Such treatments should use a variety of prescriptions and treatments to address trade-offs and produce diverse restoration outcomes. For example, restoration back to presettlement tree densities
through intensive thinnings greatly reduces risk of crown fire spread in areas
of concentrated treatment (Fulé et al. 2001), but may generate more slash
surface fuels initially than lighter thinnings. Large slash loads can exacerbate
the short-term fire hazard unless mitigated (Graham et al. 1999), which can
be expensive and /or have substantial environmental effects (e.g., machine
crushing slash into the ground surface). Less intensive treatments, sufficient
to reduce crown fire risk and strategically placed to interrupt continuous fuels,
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In the long term, the best way to align forest conditions to track ongoing
climate changes is to restore fire, which naturally correlates with current
climate. Some stands need substantial structural manipulation before fire
can safely be reintroduced, but in many cases fire can then do the preponderance of the work of ecological restoration, recreating the natural interaction of structure and process.
The successful reintroduction of frequent surface fire in the Gila Wilderness,
New Mexico, exemplifies how incremental fire treatments can achieve substantial restoration of ponderosa pine forests. Detailed quantitative studies of
before-and-after forest densities are lacking, but qualitative observations
(including repeat photographs) by knowledgeable fire managers (Webb and
Henderson 1985; P. Boucher and R. D. Moody, unpublished report [1996] to
the Gila National Forest [Silver City, New Mexico, USA]) and fire scientists
(Rollins 2000; T. W. Swetnam, personal observations) suggest that repeated
natural fire use (as many as four events since 1975 in some areas) have suc-
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example, where large snags are scarce because of past management activities,
new ones will be created through fire mortality and other disturbances as
forests are restored (Pearson 1950). The restoration of more diverse habitat
structures and of natural processes such as surface fire and associated nutrient
cycling should help many native species (cf. Johnson and Wauer 1996; W. W.
Covington, A. Waltz, P. Fulé, and G. Verkamp, unpublished report to U.S.
Bureau of Land Management, Arizona Strip District, 2000). The increased
vigor and diversity of native understory plant species after restoration will
provide important habitat conditions for many kinds of animals (e.g., Waltz
and Covington 1999) and hopefully increase resistance to ongoing and future
invasions by exotic plants (Crawford et al. 2001).

biodiversity considerations
Southwestern ponderosa pine forests provide habitat for at least 250 species
of vertebrate animals (Patton and Severson 1989, New Mexico Department
of Game and Fish 2000), as well as many plants. When restoration treatments modify the physical and biotic environment, plants and animals are
affected in various ways (Rieman and Clayton 1997; Oliver et al. 1998;
W. W. Covington, A. Waltz, P. Fulé, and G. Verkamp, unpublished report to
U.S. Bureau of Land Management, Arizona Strip District, 2000). Of particular concern is the potential for restoration actions to reduce the viability
of metapopulations of sensitive species through habitat alteration and fragmentation (Stacey et al. 1996, U.S. Fish and Wildlife Service 1998, Holthausen et al. 1999). This includes invertebrates and soil organisms that are
critical to ecosystem function.

scientific uncertainty and the limitations
of historical reference conditions
Ecological restoration must recognize the limits of scientific knowledge. While
a large body of research exists on ponderosa pine forests, we are still limited
in our understanding of ecosystem function. Historical fire frequency is often
the most reliable element of our reconstructions, although it too has limitations (Swetnam et al. 1999). We know less about past distributions of fire
size, severity, and spatial pattern than we do about frequency (Morgan et al.
2001). Swetnam and Baisan (1996) and Baker and Ehle (2001) discuss
uncertainties and biases associated with the sampling design and data analyses of fire scar studies.

An incremental approach to restoration provides opportunities for the adjustment of future treatments based on wildlife responses, so as not to foreclose
future options. Restoration projects should strive to minimize or spatially constrain adverse impacts to rare, sensitive, and declining species. Care should be
taken to ensure that adequate habitat is maintained for sensitive species during the phase between initial treatment and final restoration.

Uncertainties in the reconstruction of forest stand composition and spatial
structure result from missing evidence, such as logs and stumps removed
by fire, logging, and decay (M. M. Moore, D.W. Huffman, W. W. Covington,
J. E. Crouse, P. Z. Fulé, and W. H. Moir, unpublished report to U.S. Forest
Service, Rocky Mountain Station, Flagstaff, Arizona, 2000). Reconstruction
of the density and location of large trees is far more reliable than of smalldiameter stems and seedlings that decompose rapidly or burn even in surface
fires (Stephenson 1987). Reconstructed overstory-tree densities are thus best
used conservatively as minimum values for establishing quantitative restoration targets for stand density, rather than as maximal values. Knowledge of
other ecological conditions in the past, such as wildlife population dynamics,
may be highly uncertain because available methods preclude precise reconstructions. Uncertainty will also exist because society is unlikely to invest in
the development of detailed reconstructions of past stand structures and fire
histories for every restoration site, suggesting the need for site-specific flexibility to develop restoration targets based upon an inferred natural range of
variability in stand conditions.

Not all wildlife habitat elements are equally vulnerable or irreplaceable. For
example, large oak trees grow slowly and are especially valuable habitat for a
wide array of wildlife (Rosenstock 1998). Some areas should be left untreated
to serve as habitat refuges during the stress of treatments, until new landscape
conditions are known to provide adequate habitat.

A sense of urgency in reducing the threat of destructive fires should be balanced with patience in accomplishing restoration, along with major commitments to thoughtful experimentation and monitoring to ensure we learn as
rapidly as possible. Restoration science is young, and it is difficult to predict
the results of our actions. Application of a broad restoration perspective,
implemented through a variety of alternative treatments, will be more effective than any single restoration treatment.

HIGH

Schematic representation of the restoration concept. If the natural range
of variability is seen as a multidimensional ‘‘envelope’’ of ecological conditions, then
the goal of restoration is to move an altered ecosystem back toward its predisruption
envelope (the darkest region), and to allow natural processes over time to dynamically
reestablish a range of natural structural conditions.
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may be able to more quickly address a larger proportion of the regional forest.
While practical and economic considerations, such as direct risk to human
communities, may drive treatment strategies in some situations, long-term
ecological goals should also guide treatment actions if ecological restoration is
desired. Incrementally thinning ponderosa forests over a period of years using
varied combinations and intensities of chain saws and fire may effectively
reduce fire risks while maintaining ecological integrity.

Native plants and animals are adapted to the naturally high levels of heterogeneity in southwestern ponderosa pine ecosystems, and some species are
dependent upon diverse habitats for their survival (e.g., Reynolds et al. 1992,
U.S. Fish and Wildlife Service 1995, Dodd et al. 1998). Thus, biodiversity
considerations reinforce the need to avoid creating uniform stand and landscape conditions. A diverse landscape with patches of variable tree densities,
including some areas of relatively high density, should be developed to accommodate species with different habitat adaptations. Retaining some dead,
deformed, and diseased trees, and some clumps of large trees with interlocking crowns, will maintain structural complexity and important food and nesting habitat (Bennetts et al. 1996, Bull et al. 1997). Such trees are important
elements of genetic diversity in their own right as well (Millar and Libby
1989, Rehfeldt 1991, Ledig 1992).

HIGH

Ponderosa pine restoration treatments should be designed to reestablish trends
in forest processes, particularly fire, leading to natural ranges of variation in
composition and structure (Landres et al. 1999, Moore et al. 1999, Stephenson
1999). If the natural range of variability is seen as an envelope of conditions,
then the goal of restoration is to move an altered ecosystem toward its predisruption envelope, and to allow, or use, natural processes over time to dynamically reestablish diverse natural structures (Figure 3).

STRUCTURE
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Restoration activities often involve biodiversity trade-offs, particularly in the
short term and at the local scale. For example, snags and downed logs provide
essential habitat for many birds and mammals (Bull et al. 1997), but these
woody structures are susceptible to destruction in restoration treatments, especially from fire (Tiedemann et al. 2000). However, restoration treatments also
provide opportunities to increase habitat heterogeneity and biodiversity. For

Principles for Ecological Restoration
of Southwestern Ponderosa Pine Forests
Here we outline 16 broad principles for restoration of southwestern United
States ponderosa pine forest ecosystems. Application of these principles will
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foster implementation of a diverse range of ecologically justifiable restoration
projects. While focused on ponderosa pine forests, these principles also apply
more generally to other forest types in the Southwest, such as some pinyonjuniper and mixed-conifer forests.

ing, the selection of “leave” trees and tree clusters in restoration treatments
can be based on the contemporary spatial distribution of trees, rather than
pre-1900 tree positions. Historical forest structure conditions can be restored
more quickly by maximizing use of existing forest structure. Leaving some
relatively dense within-stand patches of trees need not compromise efforts to
reduce landscape-scale crown fire risk.

1. Reduce the threat of crown fire. A key restoration priority must be the
rapid reduction of the widespread risk of unnatural crown fires, both within
stands and across landscapes. The initial treatment on any site should be substantial enough to decrease forest vulnerability to stand-replacing fire.

Gus Pearson, the patriarch of ponderosa pine silviculture in the Southwest,
recognized the need to be flexible and use existing stand structures. Pearson
(1950: 29) stated that the use of theoretical tree-density distributions as
guides for silvicultural treatments “are for application in principle rather
than in letter, because the stands must be taken as found and remedies must
be sought in modification rather than reconstruction.” This is also true for
ecological restoration.

2. Prioritize and strategically target treatment areas. Key considerations
for prioritizing restoration treatment areas are degree of crown fire risk,
proximity to human developments and important watersheds, protection of
old-growth forests and habitats of sensitive species, and strategic positioning
to break up landscape-scale continuity of hazardous fuels (Weatherspoon
and Skinner 1996, Agee et al. 2000, Finney 2001). For example, a landscape
of alternating north- and south-facing ridges could have restoration treatments focused on the south-aspect sites to reduce the continuity of hazardous
fuels at the landscape scale, and thereby restore more natural conditions at
both site and landscape scales.

6. Restore ecosystem composition. Where fire suppression has allowed
fire-sensitive tree species like junipers or white fir to become abundant in
historical ponderosa pine forests, treatments should set a trend toward restoring dominance of the more fire-resistant ponderosa pines. However, mechanical removal of all fire-sensitive invaders is inappropriate, given the
heterogeneous and dynamic nature of these forests. Restoration of fire may
eventually restore locally appropriate forest tree composition and structure
(Miller and Urban 2000).

3. Develop site-specific reference conditions. Site-specific historical ecological data can provide information on the natural range of variability for
key forest attributes, such as tree age structure and fire regimes, that furnish
local “reference conditions” for restoration design. A variety of constraints,
however, prevent the development of historical information on every hectare
of land needing restoration. General goals should be to restore ecological
integrity and functioning, rather than precise stand structural conditions as
they existed at a particular point of time in the past.

Missing compositional elements, such as herbaceous understories or extirpated vertebrates and invertebrates, also require restoration attention. The forest
understory, including shrubs, grasses, and forbs, is an important ecosystem
component that directly affects tree regeneration patterns, fire behavior,
watershed functioning, wildlife habitat, and overall patterns of biodiversity.
Similarly, soil organisms are vital elements that can influence community composition and dynamics (Hole 1981). A robust understory provides a restraint
on tree regeneration and is essential for carrying surface fires. The establishment and maintenance of more natural patterns of understory vegetation
diversity and abundance are integral to ecological restoration. Understories
should be protected from overgrazing during restoration to allow full recovery
of herbaceous biodiversity and biomass, and of associated ecosystem components and processes such as pollinators and surface fires.

4. Implement multiple conservative interventions. Incremental restoration through multiple treatments is a conservative approach to achieving
desired changes. Restoration treatments should strive to use the least disruptive techniques, and balance intensity and extensiveness of treatments. In many
areas, conservative initial treatments would be the minimum necessary to adequately reduce the threat of unnatural crown fire. For example, a conservative
strategy would be the placement of treatment areas to interrupt fuel continuities and thereby reduce overall landscape risk of extensive crown fires, despite
treating only a small fraction of the landscape (Agee et al. 2000). Fires ignited
by lightning or by people under carefully prescribed conditions may be sufficient to reestablish natural conditions in many locations (e.g., in the Gila
Wilderness of New Mexico). In the extensive areas where fire alone cannot safely reduce tree densities and hazardous ladder fuels, mechanical thinning of
trees will be needed before the introduction of prescribed fire. Patient, effective
treatments will provide more options for the future than aggressive attempts to
restore 120 years of change at once. In certain areas, however, such as some
urban-wildland interfaces, trade-offs with imminent crown fire risks require
consideration of rapid, heavy thinning of most small-diameter trees.

The implementation of restoration treatments requires special care to protect
soils and watersheds (Jurgensen et al. 1997, Rieman and Clayton 1997). Minimizing mechanical disturbance of soils and avoiding the construction of new
roads will minimize sedimentation, disruption of surface runoff, and other
detrimental ecosystem effects (Trombulak and Frissell 2000). Minimizing
ground disturbance also will reduce impacts to the numerous archaeological
sites found in many southwestern forests.
7. Retain trees of significant size or age. Large and old trees, especially
those established before ecosystem disruption by Euro-American settlement,
are rare, important, and difficult to replace. Their size and structural complexity provide critical wildlife habitat by contributing crown cover, influencing understory vegetation patterns, and providing future snags. Ecological
restoration should protect the largest and oldest trees from cutting and crown
fires, focusing treatments on excess numbers of small young trees. Given
widespread agreement on this point, it is generally advisable to retain ponderosa trees larger than 41 centimeters (16 inches) in diameter at breast height

5. Utilize existing forest structure. Restoration efforts should incorporate
and build upon valuable existing forest structures such as large trees and
groups of trees of any size with interlocking crowns. These features are important for some wildlife species, such as Abert’s squirrels and northern goshawks,
and should not be removed completely just to re-create specific historical tree
locations. Since evidence of long-term stability of precise tree locations is lack-
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and all trees with old-growth morphology regardless of size (i.e., yellow bark,
large drooping limbs, twisted trunks, flattened tops). Despite the heterogeneity of forest site and stand conditions in the Southwest, cutting of larger trees
will seldom be ecologically warranted as “restoration” treatments at this time
due to their relative scarcity. Following this guideline would significantly
reduce hazards of stand-replacing fires in most cases and also favor the development of future old-growth forest conditions (Moir and Dieterich 1988,
Harrington and Sackett 1992). Public concern about forest manipulation
would also be reduced by ensuring that “large” trees are not being targeted.

If enhancement of herbaceous vegetation is needed, using locally handcollected wild seeds or transplanting individuals from nearby areas into treatments to serve as seed sources is slower and more expensive, but ecologically
safer. In general, it is ecologically desirable to avoid seeding, and to instead
allow native herbaceous vegetation to recover incrementally through natural
processes of dispersal and establishment after restoration treatments.
The widespread practice of seeding exotic grasses to “rehabilitate” watersheds
after severe fires could be largely eliminated by preemptive restoration treatments that reduce fire severity and foster recovery of native herbaceous ground
cover before crown fires occur. Restoration treatments should also routinely
incorporate early actions to control the establishment and spread of aggressive
exotics that can be expected from restoration-related site disturbance
(Crawford et al. 2001). Control actions should include active detection efforts
to identify infestations at an early phase, and treatments ranging from handpulling to the careful spot application of biodegradable herbicides.

Some ponderosa pine forests contain extremely old trees and dead wood remnants that may be small but are important because they contain unique and
rare scientific information in their growth rings (Grissino-Mayer et al. 1997).
Such trees became increasingly scarce in the late 20th century, and the initial
reintroduction of fire often consumes these tree-ring resources. Restoration programs should identify, inventory, sample, and preserve them where possible.
8. Consider demographic processes. The underlying processes of natural
tree regeneration and mortality should be incorporated in restoration design.
Southwestern conifer regeneration occurs in episodic, often regionwide pulses,
linked to wet-warm climate conditions and reduced fire occurrence (Savage et
al. 1996, Swetnam and Betancourt 1998, Mast et al. 1999). Periods with
major regeneration pulses in the Southwest during the 20th century include
the 1910s –1920s and 1978–1998 (Savage et al. 1996, Swetnam and Betancourt 1998). Some of this regeneration would have survived under natural
conditions. Restoration efforts should retain a proportion of these cohorts,
toward the goal of maximizing options for ecosystem resiliency.

11. Foster regional heterogeneity. The Southwest is a region of complex
topography, hydrology, and soils. As a result, biological communities vary at
local, landscape, and regional scales, and so should restoration efforts.
Ecological restoration should also incorporate the natural variability of disturbance regimes across heterogeneous landscapes. Heterogeneity should be
fostered in planning and implementing ecological restoration at all spatial
scales, including within and between stands, and across landscape and
regional scales.
12. Protect sensitive communities. Certain ecological communities embedded within ponderosa pine forests, such as some riparian areas, could be
adversely affected by on-site prescribed burning or mechanical thinning.
Restoration efforts should protect these and other rare or sensitive habitats,
which are often hotspots of biological diversity, particularly those that are
declining in abundance and quality in the region.

9. Integrate process and structure. Ecological sustainability requires the
restoration of process as well as structure (Stephenson 1999). Natural
disturbance processes, including fire, insect outbreaks, and droughts, are
irreplaceable shapers of the forest. In particular, fire regimes and stand
structures interact and must be restored in an integrated way; mechanical
thinning alone will not reestablish necessary natural disturbance regimes. At
the same time, fire alone may be too imprecise or unsafe in many settings, so
a combination of treatments may often be the safest and most certain
restoration approach.

13. Assess cumulative effects. It is important to consider and plan for the
cumulative effects of restoration work, since these efforts will take place synchronously throughout large areas in the Southwest. Restoration projects will
also occur within a regional context of other human actions such as timber
sales, private land developments, roads, and livestock grazing. These land
uses have varied impacts at all scales, and often uncertain interactions with
restoration efforts must be considered cumulatively.

Perhaps the single best indicator of whether a proposed approach should be
considered as “ecological restoration” of a ponderosa pine forest is to evaluate
whether the treatment will successfully restore surface fire as a keystone process. Approaches that do not include an explicit and long-term commitment
to restore frequent surface fire fail to merit the adjective “ecological.”

14. Protect from overgrazing. Grass, forb, and shrub understories are essential to plant and animal diversity and soil stability. Robust understories are
also necessary to restore natural fire regimes and to limit excessive pine
seedling establishment (Rummell 1951, Madany and West 1983). Where possible, defer livestock grazing after initial surface fire treatment until the herbaceous layer has fully recovered (Belsky and Blumenthal 1997). Prevention of
overgrazing must be an integral part of ponderosa pine forest restoration.

10. Control and avoid using exotic species. Seeding of exotic grasses and
forbs should be prohibited as ecologically incompatible with good restoration.
Once established, exotic species can be extremely difficult or impossible to
remove. Even seeding with native species from commercial sources risks the
near certainty of exotic weed contaminants and the establishment of nonlocal
genotypes at the expense of locally evolved and adapted genotypes. The common use of annual cereal crops such as rye and barley that typically decline to
low levels within a matter of years still leaves persistently altered ecosystems
through “the ghost of competition past,” as their initial flush of growth tends
to monopolize the soil resources, reduce the success of native plants (Barclay
2000), and alter long-term successional outcomes.

15. Establish monitoring and research programs. Given the uncertainties
about effects of restoration treatments, well-designed monitoring, research,
and documentation programs are essential if we are to learn from, and evaluate the success or failure of, ongoing restoration efforts. Wildlife and understory plant populations can be monitored as indicators of ecological change
and restoration outcomes. Monitoring programs must be put in place before
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treatments begin, and must evaluate responses of key ecosystem components
and processes at multiple scales (Covington and Moore 1994, Covington et al.
1997). Even better, when possible, restoration projects should be set up
as experiments with replicates and controls to test alternative hypotheses
(Covington et al. 1997). One benefit of the perspective proposed here is that it
will test the ecological effects of restoration efforts across a wide range of treatments and prior forest conditions. The locations and prescriptions for all
restoration treatments should be archived in a geographic information system
(GIS), so that land managers and researchers now and into the future have
access to site-specific records of restoration treatments.

cally insensitive thinning or logging projects masquerading as forest “restoration” (Hanson 2000, Jenkins 2001, National Forest Protection Alliance 2001).
Projects focused on economic outcomes do not qualify as “ecological restoration” unless the treatments are based on ecological principles.
However, if ecological principles are used, then economic utilization of forest
products may enhance forest restoration. For example, restoration treatments will occur sooner and over larger areas if some costs can be recovered
through the sale of wood from small-diameter stems. Restoration can be an
opportunity for the reengagement of local communities in the creation of
more sustainable forest-based economies (e.g., see the Community Forest
Restoration Act of 2000).

16. Implement adaptive management. Ecological restoration is an incremental process that may take a century or two to fully achieve. It requires
a long-term management commitment, especially to maintain natural fire
regimes and to protect and develop old-growth stands. Restoration will
be most successful where land managers learn from treatment experiences and adaptively adjust their approaches through time (Holling 1978).
Extended social and fiscal support will be needed to sustain such longterm restoration programs.

Table 1. Variables that should be considered in the development of an ecological
restoration plan. Each restoration project will have a unique plan, based on locally
appropriate choices for each variable, reflecting local priorities and the diversity of
ponderosa pine forests in the region.
Post-treatment structure: age, size, density
Stem density, by size class
Basal area (m2/ha), by size class
Crown cover (%)
Snags and down logs (no./ha, mass/ha), by size class
Thinning size cap (i.e., maximum-diameter tree removed)
Old tree protection measures (e.g., removal of basal fine fuels and
ladder fuels; removal of competing understory stems)

•••
Conceptually, each of the restoration principles outlined above can be thought
of as describing one or more axes of variation. For example, intensity of thinning treatment, heterogeneity within the treatment area, post-treatment
species composition, experimental unit size, fidelity to location of existing tree
clusters, and post-thinning fire frequency constitute design variables for
restoration (Table 1). Thus, the principles describe a set of key dimensions in
the design of restoration treatments, and any particular project will choose a
unique set of values for the variables. These principles support implementation of a diverse range of ecological restoration projects.

Composition
Retention of fire-sensitive or shade-tolerant native tree species
Existing canopy trees (%)
Understory recruitment (%)
Control or elimination of nonnative understory species

Ecological Perspectives on Several Forest Restoration Approaches

Spatial configuration
Distribution of mature trees, random to clustered
Reliance on presettlement cluster locations for post-treatment
configuration
Use of existing tree clusters in post-treatment configuration
Retention of heterogeneous (spatially variable) structure and
density at stand and landscape scales

As debate over restoration of southwestern United States forests has intensified (Njjhuis 1999, Jenkins 2001), a variety of philosophies and approaches
are being presented that differ in their core perspectives and probable onthe-ground outcomes. These approaches include emphases on: (a) fire risk
reduction, (b) economics, (c) natural regulation, and (d) structure-oriented
restoration. Here we provide some reflections from an ecological perspective
on these varying restoration approaches.

Ecosystem processes and disturbances
Restoration of natural or prescribed fire regime
Projected post-treatment distribution of fire intervals (e.g., mean
and range)
Post-treatment livestock grazing regime

fire risk reduction
Concerns over catastrophic crown fire impacts to human communities and
ecosystems, along with the current availability of substantial funding to
reduce hazardous forest fuel conditions (see the National Fire Plan [USFS
and USDI 2000a]), have the potential to drive ecologically insensitive projects, which are not really restorations. If the primary objective of a project is
solely to reduce crown fire risk (which may be an appropriate societal goal in
some areas), even “successful” treatments may further damage forests rather
than restoring them. When ecological principles are applied, however, fire
risk reduction can be an essential part of “ecological restoration” of ponderosa pine forests (Fulé et al. 2001).

Overall restoration plan
Site-specificity of treatment prescription
Time span over which thinning treatments are implemented
Number of restoration-treatment entries
Long-term monitoring commitment
Monitoring components (e.g., plants, animals, soil, water)
Level of detail of measurements
Frequency of measurements
Duration of measurements
Adaptive management loop in decision process

economics
Concerns exist that legitimate and desirable economic goals, such as sustaining rural economies and minimizing subsidy costs, could also lead to ecologi-
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natural regulation

cesses of the 20th century were entirely unnatural. In fact, postsettlement
tree regeneration pulses would have contributed important structural elements to contemporary forests, even if tree-thinning surface fires had continued. It is difficult to estimate what proportion of these cohorts, much less
which individual trees, would have survived to maturity (Mast et al. 1999). It
may be unwise to automatically choose a century-old date as a regional target condition for current forests, as the replication of plant densities and spatial arrangements that existed at any particular date in the past may
compromise ecosystem resilience in future decades and centuries. For example, this structure-oriented approach can result in the aggressive removal of
too many trees during the initial entry, which may seriously constrain ecosystem response and management options. Given their relatively slow growth
rates, existing trees represent a form of biological capital that should be conserved. Multiple, incremental treatments, using combinations of fire and thinning, may be more conservative and ecologically justifiable than the
immediate restoration of a particular structural element, such as the circa
1880 spatial distribution of overstory tree stems.

One perspective on western forests believes that: (1) stand-replacing fires do
not cause severe ecological damage because crown fires are natural; and (2)
the forests will heal themselves best if we take a hands-off approach and allow
natural processes to function with minimum interference (Wuerthner 1999).
Extensive stand-replacing fires naturally occurred in many western forest types
(Agee 1993), but not in southwestern ponderosa pine forests (Swetnam and
Baisan 1996). Recent fire history studies in the Black Hills of South Dakota
(Shinneman and Baker 1997) and in the Front Range of Colorado (Brown et
al. 1999) suggest that ponderosa pine forests in those regions may have sustained crown fires of unknown size in the presettlement era. Although no such
evidence has been reported for southwestern ponderosa pine forests, it is possible that localized crown fires were not unknown in this forest type before 1900.
Certainly, fire effects are always variable, and even modern crown fires do not
have uniformly devastating effects across all burned landscapes. However, the
increasingly large crown fires of recent years in ponderosa pine forests are
clearly resulting in extreme hydrological, geomorphic, and ecological responses, including amplified flooding (Veenhuis 2002); accelerated soil erosion and
stream channel changes (White 1996, Robichaud et al. 2000); loss of oldgrowth forest (e.g., the Cerro Grande Fire affected much old-growth forest,
including large portions of a 15-square-mile contiguous patch where essentially all trees were killed [C. Allen, personal observations]); increasing abundance of invasive exotics (Crawford et al. 2001); and conversion of forests to
different vegetation types (M. Savage, unpublished data). The current state of
ecological and historical knowledge of southwestern ponderosa pine forests
provides compelling justifications to actively manage to restore more resilient
and sustainable conditions (Covington and Moore 1994, Swetnam et al. 1999).

Given the great heterogeneity of southwestern ponderosa pine forests, local
data on fire history and presettlement stand structures are required to implement this precise structural restoration approach. Collecting such data is
expensive and requires the persistence of presettlement forest “evidences”
(Fulé et al. 1997), which have been lost in some locations due to logging,
harvesting of fuelwood, fire, or decay. As a result, it is not practical, costeffective, or in some cases even possible to reconstruct detailed structural reference conditions for every restoration project area. Moreover, some important
data (such as density and spatial distribution of small trees) cannot be reconstructed from remnant historical evidence.

presettlement structure restoration

A structure-oriented approach to forest restoration is being proposed for wide
implementation in the Southwest because of its methodological clarity,
grounding in quantifiable conditions, and scientific and political support
(Covington et al. 1997, Moore et al. 1999, Jenkins 2001). We consider historic structure to be one ecologically valid reference criterion for forest
restoration. There are, however, theoretical and practical concerns over
regional application of a structure-oriented approach (see Morgan et al.
[1994], Kaufmann et al. [1994], Landres et al. [1999], Wagner et al. [2000],
and Southwest Forest Alliance [2001] for reviews and discussions). We contend that a broader conceptual basis, as outlined here, provides a more comprehensive framework, and one that reflects the diverse ecological conditions
that exist in southwestern forests. We agree with Covington (2000: 136) that
there is no “‘one size fits all’ approach to restoring the ecological integrity of
ponderosa pine forests.” A diversity of restoration approaches should be
applied in the Southwest.

The most substantial scientific work to address the need for restoration of
southwestern ponderosa pine forests and to determine the ecosystem effects of
treatments has been made by Covington and coworkers at the Ecological
Restoration Institute of Northern Arizona University (Kaye and Hart 1998;
W. W. Covington, A. Waltz, P. Fulé, and G. Verkamp, unpublished report to
U.S. Bureau of Land Management, Arizona Strip District, 2000). Their efforts
have focused on attempts to reconstruct and reestablish specific stand reference conditions that existed just prior to the date of cessation of the natural
fire regime (Moore et al. 1999). The goal has been to replicate tree densities
and spatial patterns as accurately as possible for sites where presettlement
stand structures have been reconstructed. Conceptually, this approach takes a
broad view of “reference conditions,” and incorporates the restoration of surface fire as a key process. However, there are some ecological issues concerning on-the-ground implementation of this approach.

Conclusions

The choice of a specific moment in time as the initial restoration target—for
example, the date of the last widespread fire in the late 1800s (Moore et al.
1999)—is potentially problematic. Any particular moment is unique in the
long-term history of an ecosystem, and forests often exist in disequilibrium
with current climate to some degree (Millar and Woolfenden 1999). Moreover,
an increasing body of evidence indicates that late-20th-century and current
climate is unprecedented on a time scale of at least 1,000 years (Mann et al.
1998, Crowley 2000).

A primary goal of ecological restoration should be to enhance resilience and
sustainability of ecosystems. Incremental adjustment of ecosystems back within an envelope of natural range of variability should achieve this goal
(Covington and Moore 1994, Holling and Meffe 1996, Stephenson 1999). A
successful restoration is one that sets ecological trends in the right direction.
In southwestern ponderosa pine ecosystems this means reducing tree density
and ladder fuels along with associated crown fire risk, protecting large trees,
restoring surface fires, and increasing herbaceous ground cover and overall
biodiversity levels. A conservative restoration program would incorporate

Restoration of structural characteristics of a forest back to the date of the last
widespread fire in the late 19th century implies that tree recruitment pro-
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natural variability by avoiding uniform treatments across extensive areas.
Spatial heterogeneity is critical to forest biodiversity. Existing forest structures, such as tree groups and large trees, should not be removed simply to
recreate historical tree spatial patterns. While historical reference conditions
are useful for identifying the types, magnitudes, and causes of ecosystem
change, such reconstructions are best used as general guides rather than as
precise and rigid prescriptions (Landres et al. 1999).

harvest as part of restoration. Commercial activities can help fund restoration of less hazardous forest fuel conditions more quickly, but raise the risk
of extractive economic imperatives dominating decision making about
“restoration” activities.
We need to begin large-scale restoration of ponderosa pine ecosystems now.
The present vulnerability of these forest ecosystems requires that we temper
our need for more complete information with an urgency created by the current risk of crown fires. Even restoration failures at this point can provide
information useful in refining future work, as long as we simultaneously invest
in research and monitoring. At the same time, we must be cautious in our
application of restoration treatments. We must manage for surprise, whether
from climate variability, human influences, or the synergies among known
and unknown factors. It would be prudent to incorporate buffers for uncertainty in restoration work. Impatience, extractive economics, or hubris could
lead to widespread application of unduly intrusive treatments that could further damage forest ecosystems. The broad perspective outlined here supports
vigorous but conservative approaches for immediately reducing crown fire risk
and restoring natural variability and long-term resilience to ponderosa pine
forest ecosystems in the American Southwest.1

Theories of restoration ecology and the practice of ecological restoration are
evolving rapidly. We propose not so much a departure from current models as
a broader framework that encompasses a diversity of approaches. Restoration
science cannot proceed without empirical tests and experimentation across a
broad range of conditions, and restoration practice needs to incorporate new
insights derived from the scientific and practical creativity of many individuals
and institutions. We need steady progress in restoration science in order to sustain the social, political, and financial support required for an effective regional restoration program. Some restoration experiences, however, will probably
prove humbling, as our knowledge and methods will always be imperfect.
Risks and trade-offs are inherent in wildland management. For example,
a controversial trade-off involves consideration of merchantable timber

Firefighter using drip torch to set a prescribed burn. Flames
from prescribed burns seldom penetrate the thick bark of oldgrowth ponderosa pines, thus doing little harm to these older,
more ecologically valuable trees. Prescribed burns eliminate
younger, thin-barked pines, which can act as dangerous ladder
fuels during a wildfire.

This essay was originally published as an article in Ecological Applications 12,
no. 5 (2002): 1418–1433, and is reprinted here in full. © Copyright by the
Ecological Society of America, 2002. Reprinted with the permission of the USGS
and Ecological Applications.
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KEEP THE GREENFIRE BURNING
Deep Ecology and Prescribed Fire
Timothy Ingalsbee, Ph.D.

Since time immemorial, humans have intentionally applied fire to the land for a multitude
of sociocultural, ecological, and resource benefits. There is a vital need for prescribed burning to
help restore fire processes in fire-excluded ecosystems; however, gaining public support for increased
prescribed and wildland fire use presents a number of challenges. Deep ecology and ecocentric
consciousness can help promote prescribed burning for both ecological and cultural restoration.

T

Timothy Ingalsbee is the executive director of Firefighters United for Safety,
Ethics, and Ecology (FUSEE), a nonprofit organization dedicated to public
education and policy advocacy to support safe, ethical, and ecological fire
management. He is also a research associate and adjunct instructor at
the University of Oregon and secretary of the board for the Association for
Fire Ecology, a nonprofit organization promoting the application of fire
ecology in land management.

wenty-five years ago I participated in my first forest fire, and it has
never let go of my imagination since. It sparked a whole new education and career path for me, fueled by the passion of that first
encounter with flames in the forest.
Ironically, the forest fire came from my own hands and those of my coworkers
in the U.S. Forest Service. I was but a teenager then, hired to be a wildland
firefighter. Much to my astonishment, my first field assignment was not to go
chase a smoke or stop a wildfire, but, instead, to start a fire! I was not told
anything by my superiors as to the reasons why we were burning, other than it
was a “prescribed fire ecology burn.” Whatever the heck that meant, I did not
have time to ask, for they put a lit drip torch in my hands and sent me trooping into the forest to burn it up. It was at that moment, though, that the two
concepts of prescribed fire and fire ecology first became linked in my mind.
Over the course of the week-long burn operation in a mature ponderosa pine
stand, my initial horror at our actions was quickly replaced with fascination
at the process of ignition and combustion. I soon learned how to regulate
my firing technique and modify the speed and direction of fire spread. I
was bewitched by the mystery and beauty of forest fire from that moment on.
This love of fire has only deepened when I occasionally return to the site of
my initial “baptism by fire” and observe the most wonderful parklike grove
of big, old ponderosa pine trees standing amid a verdant green carpet
of bunchgrasses and wildflowers.
The History of Prescribed Burning

The vast majority of people living in modern urban-industrial society have no
experience whatsoever with prescribed burning and are almost completely
ignorant of its history, purposes, and benefits to society and forest ecology.
The prehistory of prescribed burning goes back to the dawn of the earliest
hominids, who were the original “smokechasers.” At first, early humans were
opportunistically drawn to lightning-caused fires and learned how to scavenge food in the wake of fires. Eventually, they learned how to sustain fires
by sheltering them from the elements, to steer fires by variously adding
or subtracting fuel, and to ignite fires in new places by carrying torches or
burning embers overland.1

Firefighter setting a prescribed burn, Black Hills National Forest,
South Dakota. Prescribed burning is a preferred method for
reducing fire hazard, and is sometimes accompanied by the
thinning of small trees prior to the burn.
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More recently, Native Americans were the most expert practitioners of intentional human-caused ignitions, doing what is called “light burning” and “spot
burning” of specific sites for practical purposes.2 Indian fires stimulated natural regeneration processes in ways that enhanced the bounty of their harvests
and hunts while also sustaining the habitat needs of a number of other species
and communities. Over the span of hundreds of human generations, many
vegetation communities composed of fire-dependent species evolved with fire
regimes that were highly influenced by the unique frequency, timing, pattern,
or intensity of Indian burning, which either supplemented or in a few cases
superseded lightning-caused fires.3 Thus, for example, the grassy “prairies” in
coastal redwood communities were maintained by regular Indian burning in
an ecosystem that otherwise would not have received sufficient lightning ignitions to maintain that specific fire-dependent community.4

closure about controlled burning from its own scientific literature.9 To this
day, the majority of people living outside the Southeast are almost completely
ignorant of that region’s successful program, which annually burns hundreds
of thousands of acres of public and private land.
The practice of “prescribed” burning finally migrated out West thanks to the
tireless efforts of two pioneering fire ecologists, Harold Weaver and Harold
Biswell. Weaver, working for the Bureau of Indian Affairs, and Biswell, a professor at the University of California, Berkeley, conducted several successful
field experiments from the 1940s to the 1960s using broadcast underburning
to thin “dog-hair” thickets of trees. Biswell, from his position in the university, helped to educate and inspire many of today’s most esteemed fire scientists
and managers, who continue his work promoting prescribed burning. For
much of their careers, both Harolds were seen as heretics by their peers in
forestry, but the empirical evidence of their successful burns eventually won
over their professional critics. Prescribed burning finally became part of
accepted federal policy when it was adopted by the National Park Service in
1968 and authorized by the U.S. Forest Service in 1978.10

The westward expansion of Euro-Americans brought a new kind of intentional burning that could hardly be described as “light.” Trailblazers, miners, and
settlers all set highly destructive fires in order to remove vegetation for the
passage of wagon trains, expose surface mineral veins for prospecting, and
convert forest stands into farmsteads.5 Ironically, while many forested areas
back East were converted to farms through the use of these land-clearing fires,
many prairies in the Midwest converted back to forestlands from the lack of
fire following the genocide and forced removal of the indigenous inhabitants
who had been lighting prairie fires. With the closing of the frontier toward the
end of the 19th century, Euro-Americans’ indiscriminate burning ceased, but
the rise of cut-and-run industrial logging caused enormous wildfires—some of
the deadliest wildfires in U.S. history—as railroads spewed sparks onto vast
stumpfields strewn with logging slash and flammable brush.6

The Problematics of Prescribed Burning

cially land management agencies. An emphasis on the resource management
benefits of burning could help to increase support for the program and lead to
more ecological objectives in the future. The effects of prescribed burning
in reducing wildfire risks and hazards to lives and property are the most cited:
by reducing the number of small-diameter trees, brush, downed limbs, and
needles, prescribed burning can reduce the size, rate of spread, intensity, and
severity of wildfires by reducing the kinds of fuel that carry flames.13

In spite of its many social and ecological benefits, prescribed burning also has
many practical and philosophical challenges that limit its use, effectiveness,
and acceptance. First, prescribed burning can be difficult and potentially dangerous to implement. In many but not all areas, the adverse effects resulting
from past fire suppression, commercial logging, and livestock grazing have
greatly increased hazardous fuel loads and thus made forests more flammable
and less resilient to fire.20 In some places, terrain and fuel conditions make it
almost impossible to ignite and control fires without some kind of manual or
mechanical pretreatment to prepare sites for the safe reintroduction of fire.
Even with careful planning and preparation, there is always the possibility
that weather conditions will suddenly change, causing a fire to burn out of
control. At the onset of an ecological restoration program to reintroduce fire,
accidental wildfire will be a risk, but gradually, as ecosystems are restored,
this risk—while never completely disappearing—will greatly diminish.

But there are several other resourcist arguments to tout—for example, prescribed fire is a superb silvicultural tool for reducing logging debris (i.e.,
“slash”) and preparing logged sites for tree planting (a.k.a. “reforestation”).14
It has great potential as a thinning and pruning tool that stimulates faster tree
growth.15 Prescribed fire is also a superior range management tool for stimulating production of grassy forage for livestock, and for eliminating tree
encroachment into grazing sites.16 Burns also produce brushy browse for game
species like deer and elk, and create habitat structures like snags and logs for
nongame wildlife species.17 All of the above arguments can be used to help
build popular support for prescribed fire use from erstwhile opponents of fire
and other natural ecosystem processes.

Second, prescribed burning can be expensive to plan and implement.
Compared with other fuels reduction methods, prescribed burning is generally the least expensive, but it is still not cheap to burn places the right way.
Proponents of commercial logging often tout that commodity timber outputs
will offset the costs of using heavy equipment for “mechanical” fuels reduction, but very rarely do these timber receipts match the administrative costs of
implementing these projects, and the inevitable environmental damage from
commercial timber extraction is counterproductive to wider ecosystem restoration goals. Still, with prescribed burning projects, all expenses must be paid
from appropriated budgets, with no potential sources of revenue.

The Ecological Benefits of Prescribed Burning
There can be huge differences in the intentions and outcomes of prescribed
burns depending on whether they are intended for industrial-agricultural
or ecological objectives. For example, there are “conversion” burns (which
change the vegetation from one type to another—for example, from a forest to
pasture); “entry” burns (the first of a series of planned burns on a site from
which fire has been excluded for a significant time); and “maintenance” burns
(regularly scheduled burns to maintain a desired vegetation community or
fuel load level). Depending on these different purposes and the site-specific
environmental conditions of vegetation, terrain, and weather, prescribed burns
can use several different ignition devices and patterns. Although prescribed
burning is touted as a science, fuels managers understand that it is as much a
craft skill and a landscape art. The ecological effects of prescribed fires are
thus highly dependent on the social objectives, management techniques, and
environmental conditions of the specific sites where the fires are ignited.

When the U.S. Forest Service was created at the beginning of the 20th century, it disdained the legacy of light burning, deriding it in racist terms as
“Paiute” forestry. Considering light burning as contrary to “modern scientific
forestry” because fire killed conifer saplings and thus threatened its goal of
maximizing timber yields, the agency sought to exclude all human-caused
fires from the landscape.7 Suddenly, by government decree, the age-old practice of light burning was outlawed, and the few Native American fire practitioners who continued their craft were subject to arrest as alleged “arsonists.”
However, in California the federal agency had to contend with private timber
owners and ranchers who strongly advocated for the continued use of light
burning. Loggers argued that light burning kept hazardous surface fuels low,
and thus prevented more severe wildfires from destroying the big trees.
Ranchers argued that annual burning maintained pastures and stimulated
healthier forage for grazing livestock. A contentious public debate between
the Forest Service’s policy of fire exclusion versus the proponents of prescribed
fire use raged up until the 1930s, when the agency won out over its critics and
fire exclusion became the law of the land.8

Some of the many ecological benefits of fire on vegetation include helping to
prepare seedbeds by recycling downed woody debris into available nutrients
and removing litter to create bare soil; stimulating the flowering, fruiting,
and seeding of understory vegetation; and reducing thickets of trees, thus
limiting the competition for moisture, nutrients, and sunlight.11 On a landscape scale, prescribed fire can help restore and maintain the “fire mosaic” of
patches of various ages of trees, and supplies a vital disturbance process that
helps regulate the structure, function, and species composition of specific
sites. Although most prescribed burns aim for low to moderate severity, fires
of varying intensities are necessary depending on the type of ecosystem; in
general, “pyrodiversity promotes biodiversity.” 12

Fortunately, the Forest Service’s attempted fire exclusion was never absolutely
successful. Natural lightning and accidental human-caused ignitions provided
a regular supply of burning in the West. More significantly, private foresters
continued to use light burning in the piney woods of the Southeast. Even
though it was conducted for agricultural rather than ecological reasons, this
use of fire in forestry was treated almost like an official state secret by the
Forest Service. The agency was concerned that “mixed messages” about fire
use in the East would confuse the public and undermine the campaign for
fire exclusion in the West. The Forest Service literally censored any public dis-

The Resource Benefits of Prescribed Burning
In fire-dependent communities, ecosystems, and landscapes that have been
adversely altered by past fire exclusion policies, prescribed burning has obvious benefits by restoring a vital ecological process. But advocating for a program of prescribed burning from a biocentric position will be extremely difficult
given the ideological dominance of anthropocentrism in mass culture and espe-
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The beneficial thermal effects derived from low- to moderate-severity fires
cannot be fully replicated by other chemical or mechanical or biological
methods.18 Indeed, there simply is no technological substitute for fire in reducing hazardous fuel loads and at the same time restoring the health and
biodiversity of fire-adapted ecosystems and fire-dependent vegetation. For a
variety of industrial, agricultural, and ecological objectives, then, prescribed
burning should be a prime management tool widely accepted by the public.
Unfortunately, prescribed burning has vastly more skeptics than supporters
among the public, politicians, and the press.

Relatedly, in an odd twist of conservationist logic, some people think that
burning fuels rather than using them for wood products is “wasteful.” 21 The
true calculation of waste must consider the net environmental impact of operations, for when felling trees and dragging logs across steep slopes results in
soil erosion that silts up streams, this too creates waste. Additionally, most of
the fuels that prescribed fires target are small-diameter surface fuels that have
no market value. These fuels accumulate in ecosystems where summers are
too dry and winters are too cold to support other decomposition processes
besides fire. This biomass should rightly be recycled into soil nutrients, not
extracted as “commodity outputs.”

The Sociocultural Benefits of Prescribed Burning
Prescribed fire operations offer excellent opportunities for educating citizens
about a whole array of fire management issues. Agencies such as the National
Park Service are increasingly publicizing their prescribed fire programs in
their educational literature and interpretive displays, but the day must come
when all agencies allow burn operations to become public events open to
on-site citizen observers and news reporters. A few “public participation”
prescribed burns like this could have a huge impact on changing people’s
perceptions and attitudes about prescribed and wildland fires. This is a real
necessity, for all those homes and communities located in fire-prone places or
fire-dependent ecosystems will eventually have to rely on some form of prescribed burning for any hope of securing their property and rediscovering a
long-term, sustainable relationship with the land.

Despite the numerous ecological and sociocultural benefits of prescribed burning, some people will still be opposed to burning because they think it is ugly
and unhealthy. In my opinion, to stand inside a giant sequoia grove where
repeated fires have carved out immense charred “caverns” in tree trunks holding up towering green canopies is an awe-inspiring experience. Millions of
tourists flocking to the sequoia groves seem to agree that burned trees can be
beautiful. In low-severity fire regimes, the thinning effects of prescribed fires
can help maintain beautiful parklike stands of widely spaced big, old trees with
grassy, flower-carpeted understories; in ecosystems with mixed-severity fire
regimes, fire creates a landscape mosaic of diverse age classes and vegetation
types that is also visually appealing. With some modest amount of fire ecology
interpretation to explain the goals and effects of prescribed burning programs,
burned forests can actually become a scenic and recreational attraction.

The social benefits of prescribed fire are more direct within certain Native
American communities, for prescribed burning often restores or maintains
plant and animal habitats desired for traditional foods, medicines, and crafts.
Fire also helps to maintain certain historic landscape conditions on sacred
sites needed for religious ceremonies and spiritual practices. And prescribed
fire can help expose Native American artifacts and enhance archaeological
research. But fire can also destroy some archaeological objects and make others vulnerable to looters, so there is a trade-off in burning cultural heritage
sites. Least mentioned but most important, prescribed burning restores an
indigenous cultural tradition that has long been suppressed.19

Smoke is perhaps the Achilles heel of prescribed fire, doing more to constrain
its use than any other philosophical or practical obstacle. Research has shown
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that in order to restore historic fire regimes on remaining wildlands in the lower 48 states, four to eight times more biomass must be burned, producing up
to six to nine times more emissions than at present.22 Even small amounts of
woodsmoke can be unhealthy or intolerable to some people, especially individuals with respiratory ailments or allergic sensitivities to air pollution. In
fire-dependent ecosystems like the giant sequoia groves of the Sierra Nevada,
the poor air quality of California’s Central Valley imposes serious restrictions
on the ability of fire managers to light prescribed fires. For example, fuels
managers in Yosemite National Park have been forced to prematurely put out
prescribed burns when local residents complained about the smoke.

Backfires are a reactive, emergency form of “prescribed” burning conducted
with the least planning and preparation, and often ignited under the worst
possible weather or fuel conditions that almost guarantee extreme fire behavior and severe fire effects. In contrast, proactive prescribed burns are carefully
planned to occur under the best of weather and fuel conditions for managing
fire behavior and achieving desired ecological effects. Yet a terrible double
standard exists that allows nearly all reactive backfires to escape public scrutiny and legal accountability, while proactive prescribed fires are subjected to
the utmost regulatory restrictions and political opposition. There is unlimited
funding for backfires, since the money comes from fire suppression budgets,
but dollars for prescribed fires come from fixed fuels-reduction budgets, which
are often skewed toward “mechanical thinning” or commercial logging projects. Worst of all, uncontrollable backfires are celebrated as heroic acts by the
news media, while restorative prescribed fires that accidentally escape control
are condemned as incompetent, almost criminal acts by demagogic politicians
playing to the news media.

There are actually some ecological arguments justifying production of smoke
from prescribed fires for the sake of biodiversity and forest health. For example, some species of tree lichens can absorb vital nutrients from woodsmoke,
and smoke can help reduce some tree pathogens. But the most compelling
argument is that the inevitable smoke produced from prescribed burning pales
in comparison to the amount spewed by high-intensity wildfires burning in
places where fuel loads are high because fires have been excluded. By using
certain ignition techniques and setting fires under prescribed fuel and weather
conditions, fire managers can control the amount, duration, and dispersion of
smoke—they can “play the wind” to steer it away from communities. In contrast, high-intensity wildfires generate more total tonnage of smoke in larger
particulate sizes, and it blows uncontrollably wherever the winds take it.23

Under the current insidious system of “controlled” backburning for wildfire
suppression, firefighters actually put in far more fire than they put out.
When backfires cause uncharacteristically large blocks of severely burned
land, they fail to “protect” the forest and further degrade, rather than
restore, fire-dependent ecosystems. This paradox—starting backfires in order
to stop wildfires—exacerbates what the renowned fire historian Stephen Pyne
calls the “maldistribution of fire”: In short, we have too much of the wrong
kinds of fire occurring at the wrong places, times, and conditions, and
not enough of the right kinds of fire occurring in the right places, times,
and conditions.27 It is time for elected officials and land managers to publicly acknowledge that the choice we face in managing fuels is not between fire and no fire, nor even between prescribed fire and wildfire, but
rather between prescribed fire and backfire.

A public education campaign must be developed to convey the message that
fire-dependent forest ecosystems will inevitably burn, one way or the other,
and that a smoke-free solution to managing forest fuels is therefore not available. The choice is between some control over smoke emissions in a prescribed
fire versus no control in a wildfire. One must assume that the public would
prefer to have less smoke coming from a series of carefully managed lowintensity prescribed burns rather than a lot of smoke all at once from a
high-intensity wildfire. And in some places, people are simply going to have
to learn to live with flames and smoke of one sort or another if they are to
dwell sustainably within fire-prone landscapes.24

A Deep Ecological Critique of Prescribed Fire
Deep ecologists and others who reject the use of wildlands for commodity
resource extraction generally prefer prescribed burning—if they agree to any
active fuel management at all—because it comes the closest to mimicking natural processes. But in addition to several practical and political challenges,
there are also a few philosophical issues that can generate opposition to prescribed burning from a deep ecology standpoint. For one thing, the term “prescribed fire” is flawed since it utilizes the discourse of modern medicine and
implies a paternalistic relationship between humans and nature. In essence,
managers play the role of good doctors prescribing “treatments” to restore
forest “health.” This mentality compounds another discursive error in the concept of “controlled” burning. Like the quixotic quest to control nature, the
attempt to exert absolute fire control is illusory and ultimately futile. Humans’
ability to ignite or extinguish flames can delude us with a self-perceived
Promethean power we do not really have, for humans cannot directly control
fire itself, only influence its behavior indirectly through manipulation of the
elements of the combustion process—heat, oxygen, or fuel. The numerous
environmental variables of the wildland fire environment and their inherent
dynamism further complicate and ultimately prevent humans from exerting
direct or absolute control over fire. Thus, every prescribed fire is at best a tenuously “controlled” burn, but the labels affixed to the practice do not lend
themselves to the appropriate level of humility that deep ecologists would
argue is needed by managers manipulating natural habitats with fire.28

Alternatives to Prescribed Burning?
The various technical, social, and ecological challenges to increasing the use
of prescribed burning provide plenty of excuses for seeking other methods to
manage forest fuels, but there really is no functional alternative for the array
of beneficial ecological functions performed by fire. While pro-industry politicians push for increased logging, spraying, and grazing projects to prevent
“catastrophic” wildfires, claiming that prescribed fire is socially unacceptable
to use, the incredible irony is that under the smokescreen of wildfire suppression, we are actually reintroducing management-ignited fires on a scale
unimaginable by even the most ambitious fire advocate.
Using the logic of “fighting fire with fire,” the Forest Service is igniting huge
backfires to suppress wildfires, especially in roadless and wilderness areas.
Backfires have been a significant source of burning on large wildfires, influencing their size, shape, and severity, ever since the “Big Blowup” of 1910.25 But a
major factor in the recent rise of “megafires” is the increasing use of backfires
and large-scale burnouts during wildfire suppression operations; for example,
on the half-million-acre Biscuit Fire in 2002, over 100,000 acres burned from
backfires that were ignited several miles away from the edge of the wildfire.26

252

Finally, the most prevalent criticism of prescribed burning presented by deep
ecologists is that it is an unnatural intrusion into wild nature. This is especially the case in regard to proposed burn projects in designated wilderness areas.
The perception that prescribed burning is “interventionist,” however, denies
the cultural and ecological legacy of human fire use since time immemorial.
Native Americans actively used fire on the land for a variety of reasons. Light
burning was a routine, naturalized human activity, and over the span of hundreds of human generations where light burning was practiced, various
species, communities, and landscapes coevolved with Indian fires. Though
Native Americans did not indiscriminately burn the entire landscape, it is clear
that in many places, including some current designated wilderness areas, the
natural fire regime was significantly influenced by the cultural fire regimen.29

land fire, but to stimulate a gestalt shift in the way people relate to prescribed
and wildland fire will require more than appeals to reason and facts.
Deep ecologists can begin by drawing upon the many positive metaphoric uses
of fire in language, music, and art to inspire in themselves and others an awareness of our ecological selves as fire-dependent beings. As every wilderness
campfire attests, people are naturally drawn to fire, are fascinated by its spectacle, and are acutely aware of its life-giving powers to provide light, warmth,
food, security. And professional wildland firefighters will admit that they are
drawn to the job not because they hate fire, but because they love it, and there
are few jobs with as much joy and adventure as “dancing with flames” in the
wilderness. The word for this innate, natural attraction and love of fire is
pyrophilia. A product of our evolutionary development and rooted in our psychological and biological structure, it is a far more powerful motive force than
our socially conditioned fear and hatred of fire, or pyrophobia.

Given the overwhelming evidence of the adverse effects of fire exclusion on
biodiversity and ecological integrity, and the subsequent dire need for fire
inclusion to restore fire-dependent species and habitats, prescribed fire is an
effective “minimum tool” for restoring protected natural areas such as designated wilderness.30 Importantly, the development of a deep ecological restorationist ethic must guide efforts to apply the torch in wilderness and other
sensitive wildlands.31 If deep ecologists cannot support management-ignited
prescribed fires in wildlands, the next best thing is “wildland fire use” (WFU),
formerly called “prescribed natural fires.” WFU involves careful planning for
the eventuality of a natural lightning ignition during weather and fuel conditions that would achieve desired ecological effects and then, instead of aggressively suppressing the fire, allowing the fire to burn.32 In most cases, WFU
would require simple monitoring of the fire, but should a fire threaten to burn
outside the prescribed area or set of environmental conditions, certain management techniques could be applied to keep the fire burning for ecosystem
benefits. These management techniques would essentially steer the fire rather
than stop it, and would apply minimum-impact suppression tactics to limit the
intensity or severity of the flames rather than the size or duration of the blaze.33
Deep ecologists should strongly advocate for an increase in WFU at the same
time as they actively oppose firefighting in wilderness and roadless areas.

An ambitious reeducation campaign via the arts and sciences is a necessary
but insufficient process to nurture an ecocentric change in consciousness and
rediscover our vital interconnectedness with fire. People must not only know
it or believe it, they must feel it. A visceral sense of ourselves as fire beings
can be gained only by actually participating in prescribed burning and all the
related tasks to plan, prepare, ignite, manage, and monitor fires. People must
experience for themselves the transformational powers of fire as a constructive, not merely destructive, force in nature and society. With direct participation in burning, a newfound respect will develop, with new metaphors
created to describe fire as a vital force, a virtual being, a welcomed ally in
nurturing the health and diversity of life on Earth. The Native American
belief that it is a human duty to help Mother Earth renew and regenerate herself must be resurrected in the modern practice of prescribed burning. Indeed,
along with ecological restoration, cultural restoration is a needed objective
and outcome of burning. Deep ecology philosophy should help frame the
changes in consciousness and culture needed for broad public support of
biocentric burning.

Deep Ecological Pathways to Support Prescribed Fire

It has been too many years since I last used a drip torch to light-burn the land,
but that experience and connection have never left me. I now confess to being
a hopeless, incurable pyromantic. There is no contradiction between deep
ecology and the greenfire of ecological prescribed burning—it is a mission our
species has been called to perform for many millennia. I see the great promise
of returning fire to the forest, restoring fire-dependent ecosystems, and ending
our misguided, ultimately self-destructive war against wildland fire. I yearn to
see the day my children will have the opportunity to participate in restorative
light burning, and thereby fulfill their own ecocentric duty to the land with a
loving torch in hand.

Deep ecologists have a knack of making a virtue out of ecological necessity,
but convincing the public of the need to do less firefighting and instead to do
much more fire lighting will be a tough task. How can we possibly overcome
the effects of the Forest Service’s antifire Smokey Bear propaganda, the news
media’s hyped and hysterical coverage of wildfires, and the dominant social
paradigm that makes it seem “natural” for humans to attempt to control wild
nature and make warfare on wildfire? Fire ecologists have plenty of scientific
research and empirical evidence to demonstrate the wisdom of restoring wild-
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SPRAWLING INTO DISASTER
The Growing Impact of Rural Residential Development on
Wildland Fire Management in the Greater Yellowstone Area
Crystal Stanionis and Dennis Glick
The Greater Yellowstone Area is arguably the wildest place in the lower 48. It’s a place where grizzlies
roam, geysers erupt, and fires burn. In a time of increasing residential development, many individuals
are working to ensure Yellowstone’s grizzlies, wolves, and geysers remain. Yet very few lament how
development affects wildfire—an ecological process common and native to Greater Yellowstone.
Even fewer speak about what can be done.

P

Crystal Stanionis graduated from Penn State University with a B.S. degree
in geography, a B.A. degree in journalism, and a minor in sociology. She
holds an M.S. degree in earth sciences /geography from Montana State
University. Her master’s thesis explored the prevalence of ecosystem
management in the Greater Yellowstone Ecosystem through the use of
case studies, including wildfire management.

eruse any brochure featuring real estate in the Greater Yellowstone Area
and you are apt to read glowing descriptions of rural homes that
promise “a national forest right outside your door.” That may be good
news for the back-to-nature crowd, but it’s bad news for the well-being of
wildlife and wilderness, and particularly for ecological processes like wildfire
—a keystone phenomenon that sustains the ecological integrity of Greater
Yellowstone and many wildlands across the American West. But what’s the
connection between real estate and wildfire? The connection is this: residential
development in Greater Yellowstone’s fire-prone areas—its wildland-urban
interface—leads to the suppression of wildfire—a process that has shaped
Greater Yellowstone’s landscapes for thousands of years.

Dennis Glick earned a B.S. degree from the School of Forestry at Oregon
State University, and an M.S. degree from the School of Natural Resources
at the University of Michigan. For the past 16 years he has worked on
conservation issues in the Yellowstone area, focusing primarily on private
land conservation and land use planning.

For the most part, public land agencies, local governments, and even the conservation community have shied away from advocating limits to development
in fire-prone areas. But for the health of our western wildlands, and the safety
of people living at the wildland-urban interface, we need to view fire-prone
areas in the same manner that we view areas subject to natural hazards like
flooding, landslides, or seismic events: growth should be well managed, and in
some cases prohibited. Although it has taken decades for the public to accept
restrictions on growth in hazardous places like floodplains, we need to foster a
similar attitude regarding our “fire plains.” And we must recognize that while
such an approach makes good sense, implementing growth management
strategies at the wildland-urban interface will be a challenge.
Building in the Tinderbox
The Greater Yellowstone Area comprises approximately 19 million acres and
includes portions of Montana, Idaho, and Wyoming.1 At its core are the Yellowstone and Grand Teton national parks. Surrounding these parks are six national forests, three national wildlife refuges, Bureau of Land Management lands,
and lands managed by individual states and landowners. It is a place known
for its wilderness attributes: clean water, clean air, abundant wildlife, and
eons-old ecological processes like wildfire.
Wildfire approaching a home in the wildland-urban interface,
South Denver suburbs, Colorado. One of the many uncounted
costs of urban sprawl is the increasing cost of firefighting to
protect homes constructed in fire-prone landscapes.

Like many regions in the western United States, Greater Yellowstone is experiencing high population growth. From 1970 to 2000, the population increase
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of Greater Yellowstone was 61 percent, while that of the nation was 38 percent.2 However, more alarming than the rate of growth is the pattern of
growth: much of it occurs in rural areas,3 a pattern that is predicted to continue if the character of current development remains unchanged.4 Because of
various environmental, socioeconomic, and political reasons, a good portion
of the developed land in Greater Yellowstone is located in valleys, but increasingly, new development is springing up in forested foothills, and adjacent to
forested public lands—rural places that are often far from community infrastructure and services. In light of the important role that wildfire plays in
Greater Yellowstone’s forests, the occurrence of this type of development—
sprawl, which is creating a wildland-urban interface—is concerning.

management plans. Using such criteria, managers can suppress fires that
threaten development (i.e., property) in the WUI, as has been the case with
numerous fires over the past few years (e.g., the Arthur Fire in east-central
Yellowstone National Park in 2001).
Similarly, the WUI remains an obstacle for Greater Yellowstone managers who
want to use, or expand their use of, wildfire as a management tool. For example, the Gallatin National Forest in northern Greater Yellowstone is considering allowing lightning-caused wildfires to burn “for resource benefit” outside
of designated wilderness areas (currently the only areas where managers can
allow such fires). While managers can foresee changing the general forest management plan to accommodate this management change (as other Greater
Yellowstone national forests have done), they express skepticism over whether
they would actually have the option of allowing a fire to burn anywhere outside of wilderness, because of the enormous WUI issues throughout the forest.
Even the Gallatin’s fire management plan makes several references to the WUI,
explicitly mentioning development near the forest as a problem. The plan notes
that development stems from rapid population growth in and around Gallatin
County, with seemingly little attention given to potential wildfire risk.8

Sprawl is concerning because scientists and public land managers agree that
fire is an important ecological process and in many ways a hallmark of Greater Yellowstone.5 Increasingly, however, development at the wildland-urban
interface (WUI, pronounced WOO-ee) is dictating fire management actions
throughout the region. Even in areas where land managers have the flexibility to allow lightning-caused fires to burn, aggressive suppression is pursued
because of the risk to the WUI. Protecting the WUI is analogous to protecting
human life and property, which is given the utmost consideration when deciding how to manage a fire. Protecting the WUI also allows land managers to
justify fuel manipulation both at the interface and beyond, a tactic that is
being used more and more in Greater Yellowstone. But are these actions justified? Who do they benefit? Who and /or what do they hurt? And are these
actions based on long-term or short-term goals?

In conversations with federal fire managers in Greater Yellowstone, a common, undeniable theme emerges: development in the WUI leads to the suppression of lightning-caused wildfires in places they would otherwise be
allowed to burn. Many are concerned about this issue, mostly for ecological and safety reasons. But they feel there is only so much they, in their federal capacities, can do to address the problem.

ecological disadvantages of development
in the wildland-urban interface

getting at the root of the problem:
socioeconomic disadvantages of development
in the wildland-urban interface

From an ecological standpoint, a major disadvantage of development in the
WUI is the inevitable suppression of the natural process of wildfire (not to
mention facilitation of habitat fragmentation, bioinvasion, and humanwildlife conflicts). In Greater Yellowstone—one of the last essentially intact
temperate-zone ecosystems in the country 6 —the suppression of a dominant
ecological process such as wildfire runs counter to the notion that the area is
being managed for its wild character or being managed for long-term ecological integrity (a notion that is critical and appropriate in a large portion of the
public lands of Greater Yellowstone). Within Greater Yellowstone—in places
like Grand Teton and Yellowstone national parks and the Absaroka-Beartooth
Wilderness—management policy does recognize the powerful, positive force
of wildfire, and allows lightning-caused wildfires to burn in order to maintain
functional, thriving landscapes.

The root of the problem of sprawl in fire-prone areas is the array of subsidies
in both the public and private sector that promote development and lead to
costly efforts to protect homes. For example, fighting wildfires at the WUI generally costs significantly more than fighting wildfires where there is no development. A review of the firefighting costs associated with wildfires in
developed versus undeveloped areas in Greater Yellowstone is revealing. In
the year 2000, costs associated with the 598-acre Hechtman Fire in the
Jedediah Smith Wilderness within the Caribou-Targhee National Forest
totaled $10,250.9 In contrast, the 262-acre Siddoway Fire in the same year
on the Caribou-Targhee National Forest near Wilson, Wyoming, cost over
$229,000 for fire suppression efforts.10 The dramatic difference in costs associated with these two fires is directly related to the proximity of human development. Similarly, the 4,470-acre Green Knoll Fire in the Bridger-Teton
National Forest in 2001, also near Wilson, ended up costing over $13 million
because of the extraordinary efforts necessary to protect expensive real estate
at the edge of the forest.11 In contrast, the 4,500-acre Boulder Creek Fire of
2000—in the same forest but in an area without wildland-urban growth issues
(the Gros Ventre Wilderness)—cost $750,000.12

Nevertheless, as development in areas adjoining forested public lands increases, lightning-caused wildfires on these lands are being suppressed with increasing frequency, even in areas where wildfire has been tolerated, such as in
the backcountry of Yellowstone. For example, managers can allow lightningcaused wildfires to burn “for resource benefit” (known as “wildland fire use”)
in the Jedediah Smith Wilderness in the Caribou-Targhee National Forest.
However, if even one of a list of specific fire management criteria is not met,
such a fire could be suppressed—for example, if adequate funding is not available to manage the fire; if acceptable air quality is not assured; if protection of
property outside of the wilderness is not certain; or if social/political/economic
assessments indicate that there would be significant impact to neighboring
communities and residents.7 These criteria are similar to those found elsewhere in other Greater Yellowstone administrative units with individual fire

Home development in the wildland-urban interface, Black
Hills National Forest, South Dakota. Constructing homes
in the midst of fire-prone forests only invites disaster.

256

Wildfire_Pt6_p232-267_FINAL

3/7/06

4:51 PM

Page 258

The fact that firefighting agencies pay more to fight fires when a WUI component is present gives people living in the WUI a firefighting subsidy; after all,
they do not pay for firefighting directly out of their own pockets. While federal and state agencies are not to blame for individual decisions or for society’s
general lack of efforts to control growth, wildfire suppression by firefighting
agencies sets the stage for even more development in fire-prone areas. Some
charge that firefighting agencies have no incentive to change aggressive fire
suppression efforts. Firefighting, like rural subdivisions, has become big business. In 2000 and 2002, firefighting totaled $1.3 and $1.6 billion, respectively,13 and the National Fire Plan, established in 2000, ensures that firefighting budgets will remain high. With agency budgets dependent on fire suppression and prevention efforts, and with development pressure mounting in
fire-prone areas, reversing this trend will be a challenge.

Keeping People Out of Harm’s Way

Managing Growth as Well as Wildfire

Long-term solutions to problems associated with WUI development will
require collaborative actions between public land managers, rural landowners, and local governments. Solutions must expand beyond oft-promoted
efforts to “fireproof” forests and homes to include the notions of limiting development in hazardous areas in order to protect public health and safety; minimizing overall costs; and sustaining ecological processes.

Growth in Greater Yellowstone is inevitable, but a sprawl pattern of growth
in the WUI is not. A variety of growth management tools—some regulatory,
some voluntary; some incentive based, some market based—can be used to
direct growth away from hazardous areas like the fire plain. Despite resistance to the use of these tools, local governments and private landowners
have initiated efforts to limit or prohibit development in hazardous areas or
in landscapes critical to wildlife. For example, several Montana communities
have enacted building setbacks along floodplains, such as the 500-foot setbacks along the Madison River in Southwest Montana, and proposed subdivisions have been denied or significantly conditioned to reduce impacts on
wildlife, as is the case with conditions imposed on the Canyon Club development in Teton County, Wyoming. These efforts need to be replicated on a
broader scale, and the importance of maintaining ecological processes like
wildfire needs to be viewed in the same way we recognize the importance of
critical wildlife habitats.

A number of issues related to fire management are really problems associated
with growth management. After horrendous loss of life and property from natural phenomena such as floods and earthquakes, many communities and the
nation as a whole have taken steps to significantly limit or modify development in these hazardous areas. Fire is analogous to floods and earthquakes,
but local governments have few incentives to take the often-unpopular regulatory actions needed to limit growth at the WUI. Additionally, why limit
growth at the local level when the federal government seems willing to continue paying for most fire-prevention and suppression measures?

Another subsidy for sprawl in fire-prone areas is homeowner’s insurance:
many insurance companies still do not mandate higher rates of insurance for
those living in the WUI, unlike the higher rates often faced by those living in
floodplains. However, after recent “catastrophic” fires in southern California,
and increasingly in the Rocky Mountains, insurance companies are threatening to raise rates, or to not provide coverage at all.14 The communities of
Greater Yellowstone and of the West in general further add to these subsidies
through local taxpayer dollars that provide expensive services to far-flung
developments in fire-prone areas. Such services range from police and fire protection to roads and road maintenance, schools and school busing, and other
services whose costs would be considerably lower if the developments were
located near existing services and infrastructure.

Another obstacle to meaningful efforts to manage growth is the deep-seated
western belief that private property rights are sacrosanct, regardless of how
one individual’s land use affects others. This attitude is shared not only by
many landowners but also by many government officials, and is sometimes
reflected in public land management policies. However, as western landscapes
fill up with homes, and as land use activities negatively affect adjoining property values, this attitude is beginning to change. As stated by University of
Montana economist Thomas Power:

While it is true that rural development adds considerable revenue to the tax
base, that revenue rarely covers the associated expenses. For example,
economists Roger Coupal of the University of Wyoming and Andy Seidl of
Colorado State University found that for every $1 in revenue received from
dispersed rural residential housing in Colorado, county governments and
schools expended $1.65.15 Dozens of other similar “cost of community service” studies have also shown similar trends: dispersed rural development
costs significantly more to service than agricultural/open-space lands.16
Local governments subsidize this rural development, and the Forest Service
subsidizes its fire protection.

We are used to doing things as we please and being left alone. Firefighting
personnel and equipment camp out at our doorstep waiting to risk their
lives to protect our homes. In addition, huge expenditures are made to
try to guide the fire away from areas of human habitation. The federal
and state governments pick up the tab. Some of us even demand that the
entire forested landscape be fireproofed—as plausible a concept as stopping a hurricane or earthquake, at a cost of billions of taxpayers’ dollars
and untold environmental costs. Because of the public costs incurred partially because of private decisions, those decisions cannot be treated as
entirely a private matter.18

Growing public awareness of the financial and human costs of defending fireprone homesites from wildfire and a growing public recognition of the ecological importance of wildfire in many western ecosystems are slowly beginning
to galvanize support for reforms in both fire and land use policies. As the
Institute for Business and Home Safety, an initiative of the insurance industry,
stated in 1998, “If we don’t want to lose entire communities to a hurricane, if
we don’t want homes turned to ashes in a wildfire, let’s stop putting them in
harm’s way, or at least manage development with natural hazards in mind.” 17

In the Greater Yellowstone Area, counties vary in their recognition of wildfire
as a natural hazard in their land use planning documents. When land use documents do address wildfire, language emphasizes hazard mitigation (building
codes, construction materials) and public education. The concept of “defensible space” is readily advertised to homeowners as the responsible action to
take if they live in the WUI. However, while defensible space can facilitate a
safer environment for firefighters to fight wildfires, it can also create a false
sense of security for homeowners. It also does nothing to address the inevitable
loss of wildfire as an ecological process. Even if residents in the WUI make
their homes “defensible,” land mangers will not allow a wildfire to burn
through a developed area. While we need to continue to apply fire mitigation
at existing homesites, we also need to embark on a more regional approach to
growth management efforts in landscapes prone to wildfire.

Shifting the cost of firefighting, insurance, and services from the public to
individual property owners living in, or at, the forest edge is a necessary component of any strategy to reverse these development trends. For their own
well-being, it is not a good idea to allow people to build in fire-prone areas. It
is even less wise to subsidize that choice.
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provide specific guidance on how a development should be designed; and
transfer of development rights, which serves as a mechanism for moving proposed development out of fragile or hazardous areas and into more suitable
landscapes, among others.
Incentive-based approaches include purchase of development rights, in which
willing sellers are paid to forgo development options in areas that are important for their natural values; conservation easements, in which landowners
voluntarily give up certain development rights and often receive significant
tax benefits; density bonuses for clustering housing away from critical areas,
in which developers are allowed to build more houses than existing zoning
allows if they avoid building in critical areas; and other government-funded
open-space and land conservation programs, such as the Conservation Reserve Program and land exchanges, in which public lands are swapped for
important private lands in order to bring those private lands into public ownership and protection. Market-based approaches—for example, the purchase
of key private parcels by conservation buyers who do not want to develop
and who may be more tolerant of natural processes such as wildfire—also
show promise for conserving open lands.

A number of planning principles and tools could be utilized to manage growth
in a manner that meets local development needs without sacrificing ecosystem
functions that maintain our wildlife and wildlands. Developing and using
community conservation plans and critical land protection tools are two ways
in which we can achieve this goal.

Needed: Societal and Political Will
While the ecological role of fire is now recognized by many land use managers and scientists as important and worth defending, few individuals seem
to be willing to address one of the principal reasons why this keystone ecological function is being suppressed: people living in fire-prone areas. The
authors of this essay believe that vegetative management, creation of defensible space, and the use of less flammable building materials are, in many
instances, appropriate and necessary steps for the protection of life and property in the current WUI. But these measures also facilitate continued building
in fire-prone areas, which is ecologically destructive, fiscally draining, and
ultimately hazardous for people.

community conservation plans
Communities in ecologically important settings, such as those at the edge of
national parks, should develop conservation plans that identify and prioritize
important natural resources, including keystone ecological processes and critical wild habitats. These documents should identify for protection or special
treatment hazardous areas such as the fire-prone WUI, floodplains, steep
slopes, and so forth. Such conservation plans should become an important
part of all planning efforts, including efforts pertaining to land use, transportation, and capital improvement (infrastructure). Development projects
should be integrated into these conservation plans, avoiding construction in
hazardous or ecologically important areas.

A more commonsense approach is needed that will direct rural sprawl away
from places that are inappropriate for development. Planning and growth
management tools exist that could facilitate this process. Political will at the
state and national policy levels is needed to implement these mechanisms.
Incentives ranging from federal funding for firefighting to homeowner’s insurance rates that do not take the threat of wildfire into account militate against
the application of planning and growth management tools.

critical land protection tools
Once conservation values are identified, steps should be taken to limit land
uses that degrade conservation values or put people in harm’s way by allowing
growth in hazardous areas. Land use planning tools—some regulatory, some
voluntary, some incentive driven, and some market based—can create patterns of growth that are lighter on the land, fiscally responsible, and conducive to public safety and welfare. The most effective strategies for managing growth combine these different approaches.

Additionally, a major paradigm shift is needed among public and private firefighting and land management agencies, as well as among local government
officials, rural landowners, and insurance companies. We need to recognize
that what we view as a natural disaster is, in actuality, a natural process. We
need to begin living sustainably with such processes when and where this is
possible. A more enlightened approach to land use has been adopted by many
communities in the management of their floodplains. A similar approach to
land use in our “fire plains” would benefit the people, the wildlife, and the
wildlands of many areas, including Greater Yellowstone.

Regulations, though not politically popular, have proven to be necessary both
because of their direct impact on land use and because they encourage broader use of incentive- and market-based tools. Regulations may include zoning
and subdivision regulations, which identify what can be built and where it
can be sited on a landscape or subdivision scale; permitting standards, which
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BURNING DOWN THE HOUSE
The Role of Disaster Aid in Subsidizing Catastrophe
John Krist

In the aftermath of wildfires and other disasters, public agencies and private insurers spring into action,
offering a smorgasbord of grants, loans, fee waivers, and insurance payments to help victims
rebuild their lives and reconstruct or replace their property. Too often, such aid serves merely to
guarantee another disaster by encouraging people to remain in harm’s way.

A

John Krist is a senior reporter and opinion-page columnist at the Ventura
County Star, a southern California daily newspaper where he has worked
since 1983. His commentaries on land use policy, natural resources, and
environmental issues have been published in newspapers throughout the
western United States. A graduate of the University of California at Santa
Barbara, he is the author of three books about California’s parks and
wilderness areas. He lives in Ventura, California.

s the last flames flickered out in the fall of 2003 and the pall of choking smoke dissipated, southern California’s most recent confrontation
with incendiary disaster lost its dramatic pulse. The migrant media
horde decamped, seeking some fresh nightmare to plumb, and politicians
began seeking new images to replace smoldering homes as backdrops for
press conferences.
In some ways, however, that enervated pause after the inferno passed (and
before the inevitable mudslides began) was the most important phase in the
wildfire cycle. Typically, this phase is referred to as “disaster recovery.” What
it ought to be called is “disaster facilitation,” for in seeking to soothe the pain
of one catastrophe, institutions of public aid all but guarantee its repetition by rewarding the bad decisions that helped to make it possible in the
first place. In the immediate aftermath of one disaster, the seeds of the next
often are sown.
In October 2003, 15 large fires scorched more than 750,000 acres and destroyed more than 3,600 homes over a broad swath of southern California,
from Ventura County to Mexico. As the weary firefighters who battled those
blazes departed, they were replaced by insurance claims adjusters, charity
workers, and representatives of the Small Business Administration, the Federal
Emergency Management Agency (FEMA), the California Department of Social
Services, and local planning and tax authorities. Together, these institutional
Samaritans offered a multibillion-dollar smorgasbord of grants, loans, fee
waivers, and insurance payments to help those who lived in the path of the
flames rebuild their lives and reconstruct or replace incinerated property.
By year’s end, FEMA reported that more than $135 million in such aid had
been extended to 21,000 southern California residents, including $110.7 million in low-interest disaster loans for homeowners, renters, and businesses;
$5.7 million in grants to help with temporary housing and essential home
repairs; and $16 million in payments to replace personal property and cover
medical, dental, funeral, transportation, moving, and storage expenses.

Firefighters attempt to put out a blaze. In the aftermath of a
wildfire, public agencies and private insurers often give funds to
homeowners to rebuild in the same fire-prone location, thereby
setting the scene for the next catastrophe.

A similar outpouring of publicly subsidized assistance has followed countless
other disasters in the nation’s recent history: hurricanes that periodically turn
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coastal cities along the Gulf of Mexico and the southern Atlantic seaboard
into heaps of soggy matchsticks; tornadoes that annually rearrange the urban
furniture of the Midwest and Great Plains; floods of nearly biblical scale that
repeatedly submerge towns in the ancestral pathways of the Mississippi and
Missouri rivers; earthquakes that rip open California as if its golden landscape lay atop a giant geological zipper. In the aftermath of each fresh nightmare, special assistance centers have been set up, websites created, toll-free
hotlines established, and the vast machinery of recovery has rumbled and
clanked into gear.

There is no such thing as a perfectly safe place to live, for the earth is a restive landlord engaged almost continuously in a vast and chaotic remodeling
project that frequently inconveniences and occasionally kills its tenants; its
tools are blunt and elemental: wind, fire, water, tectonism. Yet clearly the
risks are higher in some areas than in others, and those risks are statistically
quantifiable. To put it simply, really bad (from a narrow human perspective)
things will happen in the future where they have happened before, and prudence would dictate that the most dangerous of such places be avoided when
erecting permanent structures.

In his 1998 book Ecology of Fear: Los Angeles and the Imagination of Disaster, urban historian Mike Davis catalogs 13 blazes of 10,000 acres or more in
that slender strip of dreamland since 1930: “Since 1970 five such holocausts
have destroyed more than one thousand luxury residences and inflicted more
than $1 billion in property damage,” he wrote in a chapter provocatively titled
“The Case for Letting Malibu Burn.” “Some unhappy homeowners have been
burnt out twice in a generation, and there are individual patches of coastline
or mountain, especially between Point Dume and Tuna Canyon, that have
been incinerated as many as eight times since 1930.” 2

The urge to help others in need is an admirable trait, reflecting a truth written
in DNA: human beings are social creatures whose biologically improbable
dominance as a species owes as much to their cooperative instinct as to their
big brains and tool-making ability. Public aid programs are the institutional
embodiment of this trait.

Absent government prohibition against such construction through zoning and
other laws, home builders who insist on living in harm’s way ought to at least
be forced to bear the burden of their stubborn folly alone, without help in the
form of publicly financed protection services—firefighting crews, flood control
structures, seawalls, and the like—and without public underwriting of their
recovery after the inevitable destruction. To do otherwise is to squander public resources that might better be devoted to other urgent needs.

Davis also noted the role of public and private aid in abetting Malibu’s recurrent incineration: “Defended in 1993 (when fires destroyed 350 homes) by
the largest army of firefighters in American history, wealthy Malibu homeowners benefited as well from an extraordinary range of insurance, land-use
and disaster relief subsidies.” 3

It seems churlish to question the appropriateness of such aid, especially when
the recipients are so deserving of sympathy; homeless, bereft, often injured,
and sometimes mourning the deaths of friends, neighbors, and family members, they touch all but the hardest of hearts. Nevertheless, critical examination of the aid process is needed, because much of the help offered to
burned-out homeowners in the aftermath of the southern California infernos
—like the assistance extended to many suffering the effects of flood, fire, and
similar events nationwide—will merely ensure future suffering. From a public
policy perspective, it is money ill spent.

Seldom, however, has there been a deliberate effort to remove this least obvious contributing factor—reconstruction aid—from the disaster equation.
Federal authorities have provided some evidence that they might, under
extraordinary circumstances, be willing to confront the issue. In the wake of
the devastating 1993 floods that struck the Missouri and Mississippi river
drainages, for example, federal agencies moved entire towns to higher ground
and bought out floodplain farmers rather than simply pay again to rebuild
communities in places that had been repeatedly inundated and to reimburse
growers for yet another episode of crop destruction. Some farmers, it turned
out, were making more money from disaster relief than from selling crops.

•••
Strictly speaking, there is no such thing as a “natural disaster.” The term
refers to what happens when human beings put themselves in the way of natural phenomena such as earthquakes, landslides, volcanoes, floods, and wildfires. These are predictable events, in the sense that they inevitably recur in
the places they have occurred before, and thus are avoidable. They inflict no
permanent damage on natural systems adapted to them; it is only when people move into their path that such events become “disasters.”

Sometimes, the federal agencies reluctantly admitted, even billions of dollars
in protective structures cannot stop the forces of nature, and simply getting
out of the way is the best strategy.

firefighting equipment, nonflammable building material codes. Many of these
progressive strategies could serve as models for other fire-prone areas. Yet the
damage toll rises year after year.
More could be done, certainly. As long ago as 1930, in a report analyzing opportunities for parks and recreation in Los Angeles, the urban design firm
Olmstead Brothers (founded by famed landscape architect Frederick Law
Olmstead, designer of New York’s Central Park) recommended that local
governments prevent speculative development of the region’s unstable and
flammable canyons and hillsides by imposing a system of hazard zoning, outlawing construction in the most dangerous places. “[The] burden of wrong
development does not fall on the purchaser alone, and scarcely ever on the vendor” they wrote prophetically, “but most heavily on the community at large.” 4
Tougher zoning restrictions—often fought energetically by developers and
real estate speculators, who share the blame for the sprawl of homes into predictably dangerous landscapes—would help in those areas of the fire-threatened West that have not yet been subdivided. For those who regard such
restrictions as an unacceptable violation of property owners’ rights, a compromise might be in order: allow landowners to build in harm’s way, but deny
them insurance, taxpayer-provided firefighting services, and reconstruction
aid. Why should the risk that attends their choice in housing be shared with
everyone, when the rewards—private enjoyment of a home in the woods or
commanding a view of the Pacific—are not?

And subsidies they are. The difference in price between FEMA’s low-interest
loans and the commercial lending rate represents a cost borne by U.S. taxpayers. Building and permit fees waived to expedite reconstruction of fire-ruined
homes are a financial drain on local government and, by extension, all the
local residents who rely on its services.
Insurance companies cover repeated losses to wildfire and other disasters by
raising premiums for all their customers, even those who have chosen to live
far from danger. And then there is the several millions of dollars a day in
taxpayer money—not to mention the blood—federal, state, and local firefighting agencies may expend to protect private homes built in a combustible landscape.

In those areas of extremely high risk where homes already have been built,
public and private relief agencies should offer relocation assistance after the
inevitable fire, rather than helping burned-out residents stubbornly rebuild in
the same vulnerable places. This might seem heartless now, but in the long
run it may be the most compassionate thing to do, for it will spare future generations from suffering the same pain as today’s fire casualties.

Many strategies have been employed to reduce the destructive capacity of
wildfires in southern California: brush-clearance laws, purchase of expensive

“Floods are repetitive natural phenomena,” a presidential task force concluded in the aftermath of the 1993 floods, belaboring the obvious in way that
could serve as inspirational text for disaster planners confronting a wide range
of natural phenomena. “Considering the nation’s short history of hydrologic
record-keeping as well as the limited knowledge of long-term weather patterns, flood recurrence intervals are hard to predict. Activities in the floodplain, even with levee protection, continue to remain at risk.” 1

There is no better illustration of this than southern California’s 2003 wildfires. The Piru Fire, for example, which burned 64,000 acres west of Lake
Piru in Ventura County, destroyed only a single home. The slightly smaller
Grand Prix Fire in San Bernardino County, which charred 60,000 acres,
destroyed 135 homes and damaged 71 more. The difference between the
two was the presence of large suburban housing tracts in the fire-prone
San Bernardino Mountains, and the absence of such development in the
path of the Piru blaze.

That lesson has not been widely embraced even by flood control agencies, and
it has made no inroads whatsoever into management of the wildfire zones of
southern California and the rest of the combustible West. Despite the evident
risk of fire in the areas that have recently burned, and the statistical certainty
that they will burn again, vast sums of money have been poured over the past
few years into reconstruction of homes in the danger zone. Although well
meaning, this assistance amounts to the public subsidy of recurring disaster.

The recent litany of similar events throughout the dry and fire-prone West is
long and dismayingly familiar: in 2000, a prescribed burn roared out of control and destroyed more than 200 homes in Los Alamos, New Mexico, and
fires in Montana’s Bitterroot Valley burned 70 homes; in 2002, Arizona’s
460,000-acre Rodeo-Chediski Fire destroyed 465 homes, and Colorado’s
137,000-acre Hayman Fire burned 132 homes; in 2003, the Aspen Fire near
Tucson, Arizona, destroyed 323 homes. For the most part, the homes that
burned during these attention-grabbing fires were in vulnerable places, either
deep within flammable forests and brush, or in that friction zone where suburbia gnaws at neighboring wildlands.

Malibu is a celebrity poster child for the phenomenon of recurring catastrophe. Although spared from the 2003 wildfires that scorched the region, the
wealthy coastal enclave on the edge of southern California’s fire-prone Santa
Monica Mountains has burned so many times over the past century that its
flammability has become a dark regional joke.
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THE COMMUNITY PROTECTION ZONE
Defending Homes and Communities from the Threat of Forest Fire
Brian Nowicki and Todd Schulke

Focused treatment of the wildland-urban interface can provide homes and communities with effective
protection from wildfire. Treatment of the home ignition zone—the house itself and the surrounding area
up to 200 feet—can provide direct protection from ignition sources. Creation of a community
protection zone can provide an additional safety zone in which firefighters can
defend a community from forest fires.

T

Brian Nowicki is a conservation biologist at the Center for Biological
Diversity, based in Tucson, Arizona. He holds an M.S. degree in forestry from
Northern Arizona University, with a focus on conservation biology. Since
2000, he has worked on the management of forests and wildlife on public
lands in the Southwest.

he protection of homes and communities from the threat of forest fire
depends on the proper treatment of the wildland-urban interface, the
area directly adjacent to homes and communities. However, current
efforts to protect communities from the threat of forest fire are often planned
without consideration for what is actually effective at protecting homes and
communities from forest fires. Projects that reduce forest fuels are often implemented far away from communities, in areas where treatment will do the least
good. Considering the current risks and the limited resources available for the
implementation of fuels reduction projects, individual projects and strategic
plans need to utilize the best available science to develop the most effective
and efficient methods for protecting homes and communities. At the same
time, focused fuels reduction in the wildland-urban interface is necessary to
avoid damaging adjacent forest ecosystems and wildlife habitat with poorly
planned and ineffective logging projects.

Todd Schulke is the forest program director for the Center for Biological
Diversity. He sits on the Western Governors’ Forest Health Advisory
Committee, Arizona governor Napolitano’s Forest Health Oversight
Committee, and Senator Bingaman’s Collaborative Forest Restoration
Program Advisory Committee. He lives with his wife and two young sons
in a fire-prone forest on the Gila National Forest in New Mexico.

To determine what is actually necessary and effective at protecting homes
and communities from the threat of forest fire, we reviewed all the available
scientific literature addressing home and community fire protection. We found
from this research that wildland-urban interface treatments providing effective protection of homes from forest fires can be implemented relatively quickly in and around the home ignition zone (the house itself plus the area within
200 feet of the house), and with a minimum of impact on the wildland forest. In addition, fuels reduction treatments up to 1/4 mile from structures
can create a “community protection zone” that provides a safe zone for firefighters engaged in home protection.
Protecting the House
Effective fire protection eliminates opportunities for ignition of the house: a
structure that does not ignite does not burn, regardless of what occurs around
it. Forest fires can ignite houses in three ways: (1) flames of the burning forest
can provide enough radiant heat, without reaching the house directly, to ignite
the surface of the house; (2) flames of the burning forest can reach the surface
of the house through surrounding vegetation; and (3) firebrands (burning embers from a fire) can be carried by wind to fall on or near the house.
The first of these threats can be effectively treated by breaking up forest fuel

Aftermath of the Virginia Lake Complex Fire, Colville
Indian Reservation, Idaho, 2001. Homes constructed in
wildfire-prone landscapes are often at risk for burning, but
preventative measures such as removing pine needles from roofs,
using fireproof building materials, and clearing a fuel-free
perimeter can help to save a home from destruction.
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continuity for a maximum of 200 feet from the house; the second requires
removal of vegetation immediately adjacent to the house; and the third is
addressed by treating the house itself.
For a forest fire to ignite a house without reaching it directly, the fire must provide sufficient radiant heat for a long enough time to raise the temperature of
the surface of the house to its ignition point. Experimental studies and modeling have shown that partial removal of trees within 132 feet of a house protects
it against radiant ignition from the flames of a forest fire that is torching and
crowning (burning in the tops of trees intermittently or continuously).1 These
studies assumed severe conditions, so lesser distances may suffice. Another
study found a precipitous drop in structural ignition with a distance of only 66
feet between the house and forest vegetation.2 A treatment extending 200 feet
from the house therefore provides a margin of safety allowing for particularly
steep slopes or tall trees and protects against scorching of exterior walls.

tures, especially roofs and wooden decks; covering or removing flammable
materials from corners and nooks where firebrands can accumulate; and clearing roofs and gutters of dead branches, leaves, and needles.7 These basic treatments are essential elements in any home or community protection plan.

fire-resistant trees—should be retained in the community protection zone,
because trees suppress the growth of highly flammable brush, thus limiting
the amount of vegetative maintenance needed, as well as reducing wind speeds
and blocking heat from the forest fire.

The Community Protection Zone

A properly implemented community protection zone treatment can reduce the
area required for home ignition zone treatment. The distance requirement for
home ignition zone treatment is based on the assumption of a continuous,
uninterrupted flame front. Community protection zone treatment breaks up
forest fuels facing the house, thus decreasing the ability of the flame front to
provide enough heat to ignite the house. However, the community protection
zone is not a replacement for treatment in the home ignition zone. Treatment
of the home ignition zone is an integral and critical component of an effective
community protection zone. That is, the community protection zone will not
be effective without adequate homesite treatment as well.

Additional thinning of fuels beyond the home ignition zone may enhance the
ability of firefighters to safely defend community space. Creating an area of
reduced fuels immediately adjacent to the community can provide options for
firefighters to control fire in this space, and also provide a safety zone in which
firefighters are “free from danger, risk, or injury.” 8 Such a community protection zone requires breaking up fuel continuity at greater distances from houses than necessary to protect the homes themselves, because injury to humans
can occur with a small fraction of the heat and time required to ignite wood.9

increased fire hazard must be mitigated as soon as possible following the thinning operation, by reducing surface fuels and debris. The most efficient and
effective fuel reduction methods may be prescribed burning, or chipping
followed by removal of the remaining fuel. Some sites may require an initial
piling and burning of flammable branches and debris followed by a lowintensity burn of the area to maintain low fuel loads. Others may require
an incremental approach, in which a series of prescribed burns is used to
remove fuels.
Subsequent prescribed broadcast burns may also be the most efficient and effective for maintaining the wildland-urban interface treatment over time. Such
burns would maintain lower fuel loads within the forest, as well as reduce the
growth of highly flammable shrubs and understory trees. Regular (possibly annual) maintenance is critical for maintaining the community protection zone.
Setting Priorities

The number of trees that must be removed is a function of site-specific factors
such as slope and tree species. The goal of the treatment is to break up any
flame front to such an extent that radiant heat is not great enough to ignite the
surface of the house over the duration of the exposure to the flame front.
Removal of all vegetation within the home ignition zone is not necessary. In
fact, trees that are adequately spaced from the house and the surrounding forest can provide heat protection by blocking the radiating heat of the forest
fire. Vegetation with the potential to produce smaller flames can safely be
located relatively close to the house.3

Experimental studies and modeling have shown that the width requirements
of a firefighter safety zone are related to the average sustained flame length of
the forest fire flame front at the edge of the safety zone.10 The sustained flame
length is significantly different from the maximum observed flame length; the
latter includes tall flame bursts that do not produce heat of the same magnitude as do sustained flames. This same modeling approximated the maximum
potential sustained flame length as twice (2×) the height of the average overstory tree at the site (not to be confused with the maximum tree height).
The great majority of wildland-urban interface communities in the West are
surrounded by trees between 33 and 165 feet tall. Using the 2× factor, we calculated the maximum sustained flame length for a tree 165 feet tall to be 330
feet. A calculation of four times (4×) the sustained flame length was used in
the modeling to determine the minimum distance required for a community
protection zone to effectively act as a safety zone under these assumptions of
maximum conditions.11 Using this 4× factor, we can calculate that a forest fire
with a sustained flame length of 330 feet requires a community protection
zone 1,312 feet, or approximately 1/4 mile, wide.

Even when a house is protected from the intense heat of the flame front, there
is a serious threat of its igniting from direct contact with flames from nearby
shrubs, firewood, or even dried grass and needle litter. In fact, most of the
houses that burn during forest fires do not ignite from intense crown fire, but
rather from relatively low-intensity surface fire.4 Surface fire can burn grass
and needle litter right up to the house, or ignite a tree, shrub, or structure
(such as a deck or shed) near the house. A minimal break in the continuous
surface fuels, such as a simple rake line around the perimeter of the house,
can be effective in preventing direct ignition.5 For this reason, homesite protection must include eliminating continuous ground fuels that lead from the
forest to the house. Rock landscaping, cement sidewalks, green grass, or raking away needles and dried vegetation can eliminate such fuels.

Very few communities are surrounded by forests consisting of trees with an
average height greater than 165 feet, and it is highly unlikely that trees of any
height can produce sustained flame lengths greater than 330 feet. However, we
determined the maximum possible treatment distance needed to create a community protection zone by assuming a hypothetical average overstory tree
height of 200 feet. A community protection zone in such a forest could conceivably require a treatment area 1,600 feet wide under these unlikely conditions.
We also incorporated a large safety factor in our calculations by using maximum values for every possible variable (such as the range of high winds and
steep slopes), whether or not such conditions are present or physically possible.

The most dispersed source of home ignition is firebrands, the burning embers
generated by a forest fire. Firebrands can be lifted high into the air and carried
by wind to ignite fires miles ahead of the forest fire. They can be blown onto
the roof of a house or into any exposed flammable area, causing fires that can
ignite the house even if the forest fire is miles away. Firebrands are thus an
extremely dangerous source of ignition on and adjacent to houses.6 Even highly effective fire prevention or suppression miles from the homesite cannot adequately protect houses from this threat of ignition. Similarly, wildland-urban
fuels treatments that neglect to treat the home ignition zone will be dangerously ineffective at protecting homes and communities from firebrand ignitions.

Beyond the Community Protection Zone
Wildland-urban interface communities can be categorized as (1) interface
(neighborhoods extending into the forest), (2) intermix (groups of houses
within the forest), and (3) individual properties (isolated inholdings) within
the forest. The U.S. Departments of Agriculture and the Interior have defined
the interface community as having a population density of 250 or more people
per square mile, and the intermix community as having 28 to 250 people per
square mile.15 While these population densities should not be taken as hard
definitions, they do serve as a guideline for the prioritization of fuels reduction
and community protection projects. Projects can be prioritized in this order by
relative risk to life and property, and by the relative amount of protection
gained from each project.

Studies have shown that vegetation management beyond the structure’s immediate vicinity has little effect on house ignitions.13 Jack Cohen, a leading fire
researcher at the U.S. Forest Service Fire Sciences Lab, states: “The evidence
suggests that wildland fuel reduction for reducing home losses may be inefficient and ineffective. Inefficient because wildland fuel reduction for several
hundred meters or more around homes is greater than necessary for reducing ignitions from flames. Ineffective because it does not sufficiently reduce
firebrand ignitions.” 14 In short, a properly implemented homesite treatment
provides protection for the house; the community protection zone offers additional protection against encroaching ground fires that can ignite houses if
home ignition zone treatment is not properly implemented; and treating the
forest beyond the community protection zone provides no additional protection for houses or communities. In some cases there may be reasons to treat
forests outside the wildland-urban interface, but such forest restoration projects should be based entirely on ecological objectives, such as restoring the
forest ecosystem and reducing the risk of crown fires.

Within the wildland-urban interface (WUI), interface communities contain
the greatest number of houses and people per square mile. Furthermore,
because of the relatively dense development and extensive road systems in
interface communities, WUI treatment projects involve a relatively small area
per house and are relatively easy to implement. WUI treatment projects for
interface communities can therefore provide the greatest protection for the
greatest resources (houses and people) with the smallest amount of time and
effort, and thus may be considered as the highest-priority locations for concentrating fire reduction resources such as funding and planning. Of course,
all WUI communities and houses should be protected from the threat of forest fire. Thus homesite treatments should be implemented as soon as possible
on all WUI communities and houses, thereby providing immediate protection
for the homes until the site can be assessed for the implementation of a community protection zone treatment.

Maintaining the Wildland-Urban Interface
The more that tree thinning is used to treat the wildland-urban interface,
the greater the need for near-term precautions against fire hazard and for
long-term maintenance of the treated area. Thinning greatly increases the
immediate fire hazard because it creates a large amount of highly flammable slash and debris, and the open forest structure produces conditions
conducive to drier and warmer surface fuels and higher wind speeds. The

Creation of a community protection zone does not require removal of all trees
within the zone. Rather, it involves thinning the forest to create breaks in the
continuity of tree crowns and removing ladder fuels and small-diameter
understory trees. In addition, community protection zone treatment is dependent on site conditions such as forest type, average tree height, and slope.
Rules of thumb recommend reducing crown cover to less than 35 percent,
with a minimum of 10 feet of open space between crowns; pruning branches
up to 10 feet high; and removing small-diameter understory trees or spacing
them the same distance as the overstory trees.12 Trees—particularly large,

Because of the threat of firebrand ignitions, reducing the flammability of the
house itself is absolutely necessary, regardless of the vegetation treatment in
the surrounding forest, and regardless of the distance between the house and
the adjacent forest. In general, treating the house against firebrands involves
using fire-resistant materials in the building of the house and adjacent struc-
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TIME TO RETIRE SMOKEY BEAR
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AFTERWORD

A

s I have tried to convey throughout this book, fire is an important ecological force that plays a key role in many ecosystems. That alone is
reason enough to restore wildfire to the landscape. It can reasonably
be asserted that fire suppression ultimately does not work. Fire eventually
seeks expression across the landscape, and, sooner or later, if fuels build and
conditions exist that favor fire, you will eventually have a blaze. Suppressing
fires today generally leads to larger fires later.

fire as a new excuse for logging America’s public lands, either in the name of
fuel reduction or under the aegis of salvage logging in the aftermath of a blaze.
Adopting strong private lands policies that limit sprawl, particularly sprawl
into fire-prone areas, could and should be justified, not only because such
policies save taxpayer money but also because they save lives. In some places
—chiefly around existing communities—we need to reduce fuels and to create firebreaks so that the inevitable fire does not burn down dozens of homes.
But beyond the boundaries and influence of our communities, we need to
accept and restore wildfire. On the nation’s public lands, such a policy is
entirely reasonable.

In envisioning the future, I would like to see fire restored to all ecosystems in
which it plays a dominant functional role. To make an analogy, I see wildfire
as similar to the natural flooding of rivers. Flooding is a normal and necessary process that shapes river channels, dissipates energy, and creates fresh
new habitat that sustains many plants and animals. Hydrologists say the way
to think about a river is to include not only the water and channel where a
waterway may flow in a normal year, but also the 100-year and even the 500year floodplain, for the floodplain is as much a part of the river as the area
underwater at any particular time. Similarly, we need to think about the “fire
plain”— the area that normally burns at some point in time as part of an
ecosystem’s normal processes.

How do we accomplish such a change in policy? I have sought to show in this
book, through photographs and through the insightful essays of the contributing authors, that nearly all our most prized landscapes—the places we see as
some of the most beautiful in the country—are shaped by fire. I have also sought
to demonstrate the folly of firefighting. Most of our largest blazes are controlled
by the weather. Weather starts fires. Weather puts them out. What we do in
between, we call “firefighting”—which is mostly a flamboyant sideshow to convince the public that the government is doing something, even if that something is misguided, in addition to funding the fire-industrial complex.

In the book’s final essay, Andy Kerr uses wit to challenge the fire-industrial
complex. In order to save the forests, we must “kill Smokey Bear”—that is, the
old ways of thinking about forest fires. Such a shift will require educating
the public on the ecological and spiritual values of wildfire. We must stop talking about fire as “destructive” or even as a “disturbance,” for the way we
speak about fire affects our perception of fire. We need to encourage the media
to change the way they report on wildfires, and land management agencies
also to change the way they portray fire. At the very least, we should be thinking critically about how these entities present fire.

A greater appreciation of the important ecological function of wildfire would
also be a step toward changing human attitudes toward nature in general. For
to become comfortable with such a powerful natural force as fire can only lead
us toward a greater appreciation and respect for all wild nature. Such a change
in our cultural relationship to nature is necessary if we are to survive, much
less thrive, on planet Earth over the long haul.
We end with the Smokey the Bear Sutra, in the hopes that we “will enter the
age of harmony of man and nature, . . . will always have ripe blackberries to
eat and a sunny spot under a pine tree to sit at.”

Kerr asks us to challenge the military-industrial firefighting complex that seeks
to perpetuate current fire policies—including the timber industry, which sees

268–269: Girl Scouts walk arm in arm with Smokey Bear in
front of the Capitol in Washington, D.C., circa 1954, after
pledging their help in preventing human-caused forest fires.
Opposite: Fireweed in the Red Bench burn area along
Bowman Creek, Glacier National Park, Montana.
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THE ULTIMATE FIREFIGHT
Changing Hearts and Minds
Andy Kerr

Public attitudes toward wildfire are wildly at odds with the best available science. The challenge for the
conservation movement is to move the public away from seeing forests and fire through the eyes of Bambi
to viewing them through the lenses of science and economics. This means taking on the fire-industrial
complex, which is very content to fleece the taxpayer while destroying forests in the name of saving them.

Andy Kerr is czar of the Larch Company, a for-profit nonmembership
conservation organization that advocates for species that cannot talk and for
humans not yet born. All profits are dedicated to conservation. Since 1976,
Andy has been associated with the Oregon Natural Resources Council, best
known for having brought you the northern spotted owl. The author of
Oregon Desert Guide and Oregon Wild: Endangered Forest Wilderness, his
main gig is director of the National Public Lands Grazing Campaign.

C

onservationists have to kill Smokey Bear. While certainly not a shortterm winning public relations strategy, there may be no other way in
the long term to actually save and restore forests. Yes, offing Smokey
Bear would be like ordering a hit on Santa Claus, the Easter Bunny, or the
Tooth Fairy. Although all these icons are primarily the domain of children,
Smokey Bear is different from them in two important respects.
First, at some point in their lives, most people stop believing in Santa Claus,
the Easter Bunny, and the Tooth Fairy—but nearly all American adults still
believe in Smokey Bear.
Second, only Smokey preaches a message that, when heeded by others, actually
causes harm to the forest. (We shall leave aside concerns about juvenile icons
that encourage excessive material consumption, imply that rabbits lay eggs, or
condone the selling of human body parts.) Smokey advocates certain policies
that damage forests, waste tax dollars, and actually make people less safe.

Smokey’s indoctrination has been incredibly effective — 98 percent of
Americans can finish the sentence that begins: “Only you . . .” Smokey is a
creation of the Ad Council, an entity that seeks to do good for good causes by
marshaling advertising industry talent to use their skills—at least once in a
while—for a higher purpose than selling unnecessary and /or poorly made
crap that wreaks havoc on our individual and collective waistlines, pocketbooks, and /or self-esteem.
Smokey should go back to school and update his message. It’s happened
before. Smokey’s original 1944 message was that all fires in the forest
were bad (“Only you can prevent forest fires”). In 2001, Smokey changed
his tune, then stating that there are both good and bad fires (“Only you
can prevent wildfires”).1
Smokey Bear may again be changing his tune. When turning 60 in 2004, he
said, “I don’t promote the suppression of wildfires or prescribed fires . . . my
message is to help prevent careless wildfires! Prescribed fires can be beneficial
to plants and animals and prevent wildfires if they are done under supervised

Smoke particles create a rosy sunset over Priest Lake
and the Selkirk Mountains in northern Idaho.
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conditions!” (emphasis original).2 Is Smokey now in favor of not suppressing
wildfires? Is Mr. Bear okay with careful wildfires? This doesn’t make any
sense to me either (as 60 is quite old for a bear, perhaps he’s losing his mind).
A fire in the wild started by nature, or by an unauthorized human, is now
deemed a “bad” fire, while a fire set in the wild by a duly authorized human
is a “good” fire. It’s a start.

prehensive strategy and tactics for each step are not discussed here, techniques
and methods that immediately come to mind include litigation, protest, theater, legislation, regulation, ridicule, and education.
1. Change the Public’s Time Frame and Viewpoint
In 1987, the editor of a local daily newspaper was on the brink of editorializing that much of a nearby national forest in southwest Oregon should be
made a national park. He had learned of the extraordinary biodiversity, the
pristine watersheds, and the beauty of the area. Then a portion of it burned,
as forests have been doing throughout the ages in the Klamath-Siskiyou
ecoregion. After the fire, the editor changed his mind. In his view, since the
forest had burned, the area was no longer national-park quality. A year later,
much of Yellowstone National Park burned. However, this editor never wrote
an editorial calling for the park’s abolishment.

Advertising theory says that to sell a product, service, or concept, it’s best to
appeal to the customer’s beliefs (“what people think the world is like”) and
values (“guiding principles of what is moral, desirable or just”).3 Conservationists have learned to appeal to people’s belief that excessive exploitation
and pollution are bad for humans and the environment and that conservation
and stewardship are valuable to protect the land, air, water, and wildlife for
this and future generations.
Such marketing strategies are effective for conservation when the public’s
beliefs and values coincide with those of sound science and good conservation
policy. It’s simply a matter of motivating the public to act in some way to further its own beliefs and values. However, in the case of wildfire, the beliefs and
values of the conservation community (not to mention the overwhelming scientific evidence and the professional opinion of the academic community) 4 are
deeply—and at this point, almost totally—at odds with those of the public.

While a burned forest is not pretty, wildfire is either the birth of the next forest
or the continuation of the present one. Before nature reveals her healing powers and rebirth, a burned landscape offends our aesthetics of what a forest
should look like. The public needs to think beyond today’s video clip of a singed
forest and understand that both the forest that was and the forest that will be
are dependent on fire. If more of the public saw the rebirth of the Yellowstone
forests that burned in 1988, they would better understand this phenomenon.

The public generally fears all fire, and generally this is a rational fear. In the
wrong place, fire is very bad. We don’t want our buildings to burn, especially
not with people in them. However, most of the public fail to distinguish
between the generally built-up environment (“frontcountry”), where humans
can and should control fire, and the generally natural environment (“backcountry”), where humans cannot and should not.

3. Hold Fire Bureaucrats Accountable

as few commercially valuable trees). And though these lands were in a national
recreation area, the management prescription in case of wildfire was full and
immediate “suppression.” As soon as the wildfire crossed the good-bad boundary, the Forest Service fired up its firefighting machine and spent several million dollars over just a few days to try to put out the now-unauthorized fire.
The fearless firefighters only abandoned their Herculean expenditure after
they awoke one August morning to snow. No problem. There would be another
wildfire soon enough to go play with, while the taxpayers pay.

The public needs to understand that the paramilitary effort in generally futile
attempts to put out wildfires can cause more environmental harm than is purportedly caused by a wildfire left to burn. Fish-killing fire-retardant chemicals
in streams, eroding bulldozed fire lines, felled (and later logged) trees, backburns, and burnouts are far more destructive than natural wildfires, and often
result in hotter fires.7

6. Distinguish Between Good and Bad Firefighters

Elected officials give government agencies a blank check when it comes to paying bureaucrats and private contractors to fight wildfire. The limitation on spending during fire season is not set by any sort of budget, but by the simple fact that
there are no more people or equipment available to be contracted at any price.

A good firefighter fights bad fires; a bad firefighter fights good fires. Fires in
the frontcountry are generally bad; fires in the backcountry are generally good.
A firefighter who goes into burning buildings to try to save people is a good
and heroic firefighter. A firefighter who goes into the burning backcountry to
try to stop nature—or risks his or her life trying to save someone’s inappropriately placed third home—is a bad and foolish firefighter.

4. Empower Pyrophiles
Since the early 1970s, scientists at Oregon State University have urged Forest
Service officials to burn the grass balds of Marys Peak on the Siuslaw National
Forest. For almost as long, the Forest Service has said that it has plans to do
just that. Historically, this highest point in the Oregon Coast Range has not
been covered with forest, primarily because of Native American and lightning-caused burning. Besides the cultural and aesthetic reasons to keep the
balds, they are also great wildflower habitat. Today, still unchallenged by fire,
the noble fir trees continue their ignoble march upon the meadow.

In this post-9/11 era, when we are tragically short of heroes as it is, frontcountry firefighters are true heroes who don’t get paid anywhere near enough
for what society asks of them. Their compensation comes more from helping
others and occasionally basking in the public gratitude that episodically
befalls them after performing a particularly selfless (and usually very dangerous, and sometimes tragic) act.

2. Expose the Fire-Industrial Complex
The fire-industrial complex must be exposed for the racket it appears to be
—an annual raid on the public treasury for enriching private interests, furthering bureaucratic careers, aiding reelections, and providing a feedstock of
public timber for private gain. The fire-industrial complex is a “racket” in
almost every sense of the word:

Wildfire is not “prevented,” but merely delayed—often incurring later and
greater fiscal and ecological costs. More importantly, wildfire is generally beneficial to the forest. Most forests of the American West coevolved with fire.
Wildfire sustains and renews these forests.5

racket n 1: confused clattering noise: clamor. 2a: social whirl or excitement. b: the strain of exciting or trying experiences. 3a: a fraudulent
scheme, enterprise, or activity. b: a usually illegitimate enterprise made
workable by bribery or intimidation. c: an easy and lucrative means of
livelihood. d: slang: occupation, business.6

The behemoth fire-industrial complex profits directly from current firefighting
policies. Keeping the public in the dark about the benefits of wildfire rewards
this mutual back-scratching collaboration of government bureaucrats, private
contractors, timber corporations, and elected officials.

Staggering sums of money are spent in mostly futile attempts to extinguish
wildfires. Taxpayers are being fleeced by an iron quadrangle of government
bureaucrats, private contractors, timber corporations, and elected officials.

Blissfully ignorant, the overwhelming majority of the public has been misled
on the issue of backcountry (wildlands) fire. This vast majority now believes
that backcountry fires can and should be fought just as those in the frontcountry (urban, suburban, and rural) areas.

There is probably not a more risk-free management burn than on Marys Peak.
The risk of a fire burning out of control is almost nil. The bald is the highest
point in the Coast Range and fire usually travels uphill. The surrounding
forest is noble fir—not Douglas-fir—an indicator of seasonal snow pack and
adequate residual moisture. The Siuslaw National Forest is a rainforest.
Northwest Oregon has the lowest incidence of lightning strikes in the lower 48
states. Natural forest in the Oregon Coast Range thus burns only during the
most severe dry and windy weather. Such extreme weather conditions are very
rare and easy to plan for and manage around.

Backcountry firefighters receive misplaced gratitude, if not adulation. During
the 2002 Biscuit Fire on the Siskiyou National Forest in Oregon, handmade
and heartfelt signs of appreciation sprouted in the nearby town of Cave Junction for the battalions of firefighters who encamped there for several weeks.
In the case of the Biscuit Fire and many other fires, the hottest and most dangerous burns were those set by the firefighters themselves as backburns and
burnouts. These officially sanctioned burns were far more threatening to the
town than the naturally burning Biscuit Fire—yet even those backburns were
not much of a threat.

Yet, in over three decades, no Forest Service official has had the courage to
drop the match, even if the first storm after the annual summer drought is
predicted in the next 24 hours. Bureaucratic incentives—both positive and
negative—need to be changed so professional managers are encouraged to
restore natural wildfire to natural ecosystems.

Nonetheless, the thick smoke that hung over the town, along with residents
being able to see some glowing embers at night and all those firefighters hanging around, meant that most townsfolk were indeed truly scared, even if they
had little reason to be.

5. Reclassify Most Bad Fires as Good Fires
Government bureaucrats rely on private contractors and timber corporations
to lobby elected officials to give the bureaucrats money, much of which is
passed through to contractors to supposedly prevent timber from burning, so
it can be logged more profitably later by the corporations. This is all done in
the name of and under the cover of the public’s genuine—though ignorant
and misplaced—concern about forests and fire.

As conservationists, we have no choice but to directly confront the public and
challenge its values and beliefs about fighting backcountry fires. However, as
a rule, people don’t like it when their beliefs and values are questioned.
The tried-and-true method of promoting just causes—“speak truth to power”
—is not applicable. Rather than confronting the powerful before the masses,
this is a case of needing to challenge the masses directly.

Every player in the fire-industrial complex pulls its weight. If it is a slow wildfire season, sometimes someone—usually in the contracting corps, sometimes
in the bureaucracy—may well start fires to get the money flowing. Frontcountry firefighters are paid full time whether something is burning or not.
Backcountry firefighters and/or fire companies are not paid as much, or at all,
unless there is a fire to be fought.

Conservationists must take steps to move the public’s beliefs about wildlands
fire to be in line with the scientific understanding of wildlands fire. While com-
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Eventually, as other fires (actually, even better money) called, the Biscuit Fire
settled into an uneasy truce with firefighters (it was extinguished only after
the fall rains came).

In the late 1990s, a lightning-caused wildfire erupted in the Hells Canyon
Wilderness on the Idaho-Oregon border. The terrain is hellacious, and the
sparse timber in the area is off-limits to logging. The management plan said
that naturally caused fire in the Hells Canyon Wilderness would be allowed
to burn, and indeed the wildfire was left alone to ebb and flow with the day
and night and whims of the weather and available fuel. It was a nice, healthy,
and necessary fire.

(N.B.: To this day, most of the homes in and around Cave Junction are not
fire-safe. Too many still have flammable roofs and flammable vegetation adjacent to them. At this writing [August 2005], even the Forest Service ranger
station fails the guidelines for defensible space around buildings, as posted on
its own bulletin board.)
7. Challenge the Media Coverage

However, the wildfire eventually crossed the line from a “good” fire to a “bad”
fire. The line was the Hells Canyon Wilderness boundary. The fire moved from
protected “Wilderness” to unprotected wilderness. These wildlands adjacent
to the designated Wilderness were just as natural, roadless, and wild (and had

While some national media have critically reexamined their reporting of western wildfires, most regional and local media have not.
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How many news reports have you heard that say, “The fire has ‘destroyed’ X
thousand acres”? Even at ground zero, an acre is still an acre; it is not
destroyed. What they probably meant to say is that “X thousands of acres of
forest have been destroyed.” However, that’s not true either. The forest was
changed, altered, and renewed—not destroyed. Many news reports speak of
“charred” forest, when “singed” is more accurate.

Fourth, viewers—especially the 98 percent that are Smokey Bear’s faithful
—want both to see drama and to hear good news. They love viewing people
and machines marshaled to fight a wildfire and save homes. If asked, they
would say that wildlands firefighting is one of the few things they don’t mind
paying taxes for.
The coverage after a wildfire is almost uniformly good. The follow-up pieces
are not done as “breaking” news and are therefore more thoughtful and better
researched. They often focus on the magnificent healing powers of nature.
Reporters who specialize in science, the environment, or natural resources
usually do these stories. They tend to be print stories, not television.

Ironically, many news organizations correctly report that it is weather—not
human effort—that finally quashes wildfires. There are countless quotes
from the fire boss on scene that state in effect, “We had the fire contained,
but then the weather changed,” or “We now have the fire controlled, thanks
to some help from the weather.” Weather ignites most wildfires, and weather
extinguishes most wildfires.

8. Show the Futility and Cost of Fighting Backcountry Fires

Wildfire media coverage may be divided into three categories: before, during, and after the fire. The best reporting is always after a fire has gone out.
The worst reporting is during the fire, while the reporting before a wildfire
flares up is mixed.

The public must be made to realize that the environmental impacts on air,
water, and soil from firefighting can exceed those from the wildfire itself. That
the long-term upsides of wildfire outweigh any short-term downsides. That
most of the fires that the fire-industrial complex claims to have extinguished
would have gone out anyway. That after a wildfire reaches critical mass, it is
weather that dictates the course of the fire, not human intervention. That the
huge sums spent trying to put out what are in fact beneficial fires at the height
of the wildfire season would be better spent: (1) helping people fire-safe
buildings; (2) preventing fires in the frontcountry, where most people live;
and (3) starting (prescribed) fires in the backcountry the rest of the year to
restore natural fire regimes and healthy forests.

Fire-industrial-complex public relations flacks keep busy in the off-season. Before the fire, the stories they push are generally of two genera: protecting homes
from wildfire or ominous predictions of a coming terrible wildfire season.
The home-protection stories focus on efforts to help wildland-urban interface
homeowners take prudent and effective measures to prevent their homes from
burning when a wildfire does come.

9. Show the Utility of Making All Buildings Fire-Safe
The coming-terrible-wildfire-season stories are worse. Without exception, the
story line is that the next wildfire season could possibly be the worst on record.
If the spring was dry, then the fire-industrial-complex mouthpiece forecasts
“horribly dry tinderbox conditions” for the coming summer and fall. If it was
a notably wet spring, then the public relations line is that the wet weather has
“caused so much plant growth that, when it dries out, it will provide more fuel
for destructive wildfires!” In any case, the fire-industrial complex—taxpayers
willing—is always ready to milk the challenge.

The wildland-urban interface (WUI, or “WOO-ee”) is where the frontcountry
and backcountry collide. Fireproofing WUI structures can reasonably ensure
that they will not ignite from nearby fire.8 It would be much more efficient for
the government to require nonflammable roofing material and vegetation
management within a few hundred feet of a house or other building than trying to fight WUI fires. Indeed, it would be much cheaper for taxpayers to pay
the full cost of fireproofing private property than the cost of our present wildfire strategy. Buildings can and should be defended against wildfire; forests
cannot and should not be.

Media coverage during a wildfire is—with very few exceptions—appalling.
There are multiple reasons for this.

fire prevention or fire control devices. Private homes are built to code and must
have smoke detectors. Fewer regulations exist for WUI buildings.

fountains of timber, but rather as refugia of biodiversity, sources of cold clean
water, recreation spots, and scenic vistas. In this case, the public’s values and
beliefs are correct.

In the frontcountry, one’s taxes pay for the cost of fire prevention and fire
control. In the wildland-urban interface, few fire districts exist. WUI building owners may pay a small fee to a state forestry agency for fire protection,
but it nowhere approaches the costs of fire protection. Other taxpayers pick
up the remainder of the cost.

The timber industry has discovered that their best and last hope to continue
logging public forests is to convince the public that the only way to save its
cherished forests from wildfire is to log them. Increasingly, the timber industry is making its moves on the public’s trees after every wildfire. Postwildfire
logging cannot be ecologically justified.10 “Salvage logging” after a wildfire
is done only for economic reasons, and—even more than with regular timber sales—the taxpayers subsidize it. Salvage logging does nothing to help
replace, restore, or recover a burned forest. Ecologically, logging after a forest fire is akin to mugging a burn victim.

Few insurance policies distinguish between highly regulated frontcountry
buildings and essentially unregulated buildings in the WUI (or even the backcountry, where no buildings should be); most charge all policyholders the
same. Thus most insurance holders end up subsidizing the few that live in
the woods. Other kinds of insurance routinely distinguish between good and
bad drivers and give discounts to nonsmokers. Most homeowner’s insurance
makes those who live in flood zones and “tornado alleys” and hurricane country pay more (or have more “Act of God” exclusions), but for some reason
the same logic is not applied to people who build in the path of fire.

•••
So, what is the conservation movement to do when the masses are so wrong?
As Thoreau noted in “Civil Disobedience,” “Moreover, any man more right
than his neighbors, constitutes a majority of one already.” 11

12. Stop the Cycle of Build and Burn and Build and
Burn and Build and . . .

There have been times in this nation when the vast majority of the public has
been wrong on issues. At the time, of course, those in the majority had no clue
they were wrong, because nearly everyone around them felt the same way.
However, even overwhelming majorities can be changed over time. Thoreau
opposed slavery at a time when a majority of Americans favored the practice,
or at least did not oppose it (politically, the effect is identical).

A major role of government is to prevent people from doing stupid things,
especially things that also have the potential to harm others. Government
sometimes limits people’s ability to build in floodplains. It requires life jackets on all watercraft. Building in the path of wildfire is no different than building an unsafe building.

Conservationists are not going to convert the public on the wildfire issue by
being stealthy, clever, or patient, or by using the perfect sound bite. Merely
having better spokespeople (scientists, enlightened firefighters, etc.) will
not bring about the necessary changes, and appealing to the public’s existing beliefs and values won’t conserve forests either. Only by confronting the
public—and forcing it to first reexamine and then change its collective beliefs
and values—can people coexist with forests and wildfire.

In an example of supply-side ecology, in 1982 President Ronald Reagan
signed into law the Coastal Barriers Resources System (CBRS). The law prohibits the expenditure of federal funds in specified low-lying undeveloped
areas on the East and Gulf Coasts that are often ravaged by hurricanes. In
units of the CBRS, no federal funds are available for highways, sewer systems, flood insurance, disaster relief, and other programs that encourage people to build in harm’s way. The federal government does not prevent a local
government or private landowner from developing or building anything in a
CBRS unit; it just removes the possibility of federal bailouts after the
inevitable disaster. It has worked very well.

Consider other political issues about which most of the public eventually
changed their minds because their beliefs and values were directly challenged
—for example, child labor, woman suffrage, segregation, smoking, seatbelts,
Pacific Northwest old-growth logging. Sometimes it takes a human generation
for the public’s collective mind to change on an issue.

10. Promote a New Icon for Juveniles of All Ages
First, most reporters are generalists—particularly on television, where most
people get their news—who don’t know much about nature and wildfire, and
so they must rely on what they are fed by the fire-industrial-complex public
relations flacks. In the course of a week’s work, the same reporter might do
stories on a wildfire, a house fire, a car wreck, a football game, a city council
meeting, a robbery, and the circus coming to town.

The creation of Forest Service Employees for Environmental Ethics, Reddy
Squirrel teaches children (and adults) that the best—and most responsible—
way to protect buildings against wildfire is to create and maintain a defensible
space around them, and to use flame-resistant construction. Reddy is cute and
lovable and wears a hard hat and work boots (but no pants).9
11. Transfer Responsibility from the Public Sector to the Private Sector

Second, wildfire areas are tightly controlled. Reporters are herded by flacks to
see only what the fire propaganda machine wants them to see, and are told
only what the fire-industrial complex wants them to hear.

The contrast between fire regulations in the frontcountry and the backcountry
is remarkable. Building codes in cities are full of provisions to prevent structures from burning, or, if they do, from burning others. Firewalls are required
between buildings, fire doors for stairwells, fire-resistant building materials,
and so on. It is illegal in most jurisdictions to have unmowed fields in summer
within city limits. Eccentrics are prevented from filling their homes with old
newspapers lest a fire start. Commercial buildings have sprinklers and other

Third, television images are selected for the most impact. A typical coolburning fire on the forest floor won’t make CNN. Only atypical hot-burning
“crown” fires make it on the news. (Crown fires do occur, but on comparably
little acreage.) Dispatching an expensive satellite uplink truck to the scene
must be justified with compelling footage.
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In another example, after rebuilding entire towns multiple times following
Mississippi River floods, the federal government has paid to move entire towns
out of the floodplain.

Before Smokey Bear brainwashed America, Americans had a more balanced
attitude toward fire. Most Americans—particularly rural ones (who are now
far fewer in both relative and absolute numbers)—saw fire as a tool and as a
part of nature, like the tides, winds, and rains.

It is time for a policy that puts WUI building owners on notice that government will no longer bail them out during and after the next fire. Such a policy
would put WUI building owners on their own. They can assume the risk
themselves, they can pay to fire-safe their structures, they can create fire
districts and tax themselves for their own fire protection, or they can do nothing. That is the American way.

Converting the American public back to a balanced view about wildfire cannot be accomplished overnight. It will take decades. There is no way around
it. If it were easy, it would have been done already.

13. Starve the Beast
The timber industry has long benefited by not having forests burn, so they
could be logged at their leisure. However, public attitudes—especially about
public forests—have changed. The public no longer views public forests as
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SMOKEY THE BEAR SUTRA

Once in the Jurassic, about 150 million years ago,
the Great Sun Buddha in this corner of the Infinite
Void gave a great Discourse to all the assembled elements
and energies: to the standing beings, the walking beings,
the flying beings, and the sitting beings
—even grasses, to the number of thirteen billion, each one born from a
seed, assembled there: a Discourse concerning
Enlightenment on the planet Earth.

and that deer, rabbits, chipmunks, snakes, dandelions,
and lizard all grow in the realm of the Dharma;
Wearing the blue work overalls symbolic of slaves and
laborers, the countless men oppressed by a civilization
that claims to save but only destroys;
Wearing the broad-brimmed hat of the West, symbolic of
the forces that guard the Wilderness, which is the Natural
State of the Dharma and the True Path of man on earth;
all true paths lead through mountains—

“In some future time, there will be a continent called
America. It will have great centers of power called such as
Pyramid Lake, Walden Pond, Mt. Rainier, Big Sur,
Everglades, and so forth; and powerful nerves and channels
such as Columbia River, Mississippi River, and Grand Canyon.
The human race in that era will get into troubles all over
its head, and practically wreck everything in spite of its own strong
intelligent
Buddha-nature.”

With a halo of smoke and flame behind, the forest fires
of the kali-yuga, fires caused by the stupidity of those
who think things can be gained and lost whereas in truth all is contained
vast and
free in the Blue Sky and Green Earth
of One Mind;

“The Twisting strata of the great mountains and the pulsings
of great volcanoes are my love burning deep in the earth.
My obstinate compassion is schist and basalt and
granite, to be mountains, to bring down the rain. In that
future American Era I shall enter a new form: to cure
the world of loveless knowledge that seeks with blind hunger;
and mindless rage eating food that will not fill it.”

Round-bellied to show his kind nature and that the great
earth has food enough for everyone who loves her and trusts
her;
Trampling underfoot wasteful freeways and needless
suburbs; smashing the worms of capitalism and totalitarianism;

A handsome smokey-colored brown bear standing on his
hind legs, showing that he is aroused and watchful.

Indicating the Task: his followers, becoming free of cars,
houses, canned food, universities, and shoes, master the
Three Mysteries of their own Body, Speech, and Mind; and
fearlessly chop down the rotten trees and prune out the sick limbs of this
country
America and then burn the leftover
trash.

Bearing in his right paw the Shovel that digs to the
truth beneath appearances; cuts the root of useless attachments,
and flings damp sand on the fires of greed and war;

Wrathful but Calm, Austere but Comic, Smokey the Bear will
Illuminate those who would help him; but for those who would
hinder or slander him,

And he showed himself in his true form of
SMOKEY THE BEAR.

Regarding the Smokey the Bear Sutra

Namah samanta vajranam chanda maharoshana
Sphataya hum traka ham mam

When the Wild gave the U.S. Forest Service the gift of the Sacred Cub some
years back, the Agency failed to understand the depth of its responsibility.
Instead of seeking to comprehend who this little messenger was, the young
bear was simply reduced to a mere antiforest fire icon, and manipulated in
its one-sided and foolish campaign against wildfire. Now it is time for the
truth to come out. “Smokey Bear” brought a rich and complex teaching
of Non-Dualism that proclaimed the power and the truth of the Two Sides of
Wildfire. This was the inevitable resurfacing of our ancient Benefactor as
Guide and Teacher in the new millennium. The Agency never guessed that it
was serving as a vehicle for the magical reemergence of the teachings and
ceremonies of The Great Bear.

“I DEDICATE MYSELF TO THE UNIVERSAL DIAMOND
BE THIS RAGING FURY DESTROYED”
And he will protect those who love woods and rivers,
Gods and animals, hobos and madmen, prisoners and sick
people, musicians, playful women, and hopeful children;
And if anyone is threatened by advertising, air pollution,
or the police, they should chant SMOKEY THE BEAR’S WAR SPELL:
DROWN THEIR BUTTS
CRUSH THEIR BUTTS
DROWN THEIR BUTTS
CRUSH THEIR BUTTS

As one might expect, The Great Bear’s true role of teaching and enlightening
through the practice and examination of both the creative and destructive
sides of Fire was not evident at first. As with so much else in regard to the
Forest Service, it was for the ordinary people, trail crew workers and fire line
firefighters, to expose the deeper truths. On fire lines and lookouts in the
remote mountains, through deep conversations all night among the backcountry men and women workers, it came to be seen that The Great Bear was no
other than that Auspicious Being described in Archaic Texts as having taught
in the unimaginably distant past, the one referred to as “The Ancient One.”
This was the Buddha who only delivered her teachings to mountain and river
spirits, wild creatures, storm gods, Whale ascetics, bison philosophers, and a
few lost human stragglers.

And SMOKEY THE BEAR will surely appear to put the enemy out
with his vajra-shovel.
Now those who recite this Sutra and then try to put it in
practice will accumulate merit as countless as the sands
of Arizona and Nevada,
Will help save the planet Earth from total oil slick,
Will enter the age of harmony of man and nature,
Will win the tender love and caresses of men, women, and
beasts
Will always have ripe blackberries to eat and a sunny spot
under a pine tree to sit at,

It will take this sort of Teaching to quell the fires of greed and war and to guide
us in how to stave off the biological holocaust that the 21st century may prove
to be. The return of the Ancient Wild Teachings! The little Cub that restored
our relationship with that Old Inspirer! What marvels!

AND IN THE END WILL WIN HIGHEST PERFECT ENLIGHTENMENT.
We can start enacting these newly rediscovered truths by making fires, storms,
and floods our friends rather than our enemies, and by choosing for wise
restraint and humorous balance on behalf of all.

thus have we heard.

His left paw in the Mudra of Comradely Display—indicating that
all creatures
have the full right to live to their limits

HE WILL PUT THEM OUT.

•••
A sutra is a talk given by a Buddha-teacher. The Smokey the Bear Sutra
first appeared on Turtle Island, North America. Like all sutras, it is anonymous and free.

(Yuba River redaction.
May be reproduced free forever.)

Thus his great Mantra:
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A GLOSSARY OF EUPHEMISMS AND SPIN

Many public agencies use euphemisms—the substitution of agreeable or inoffensive expressions for ones that may offend or suggest something unpleasant
—to frame their actions in a positive light. The military, for instance, speaks
in terms of “collateral damage” when referring to civilian casualties inflicted
during the course of war. Use of this more “neutral” term is meant to avert
public objections to such costs—to disguise the harm to innocent lives with a
euphemism that distances us from the reality of it.

lessened because people are led to believe that charred trees are a “wasted
resource”— an ecologically flawed assumption that our current timberfriendly government does nothing to counter. Given the excuse that there is
an “urgent” need to extract burned timber to “help” forest regeneration
(another flawed assertion), agencies are directed to circumvent proper environmental review, as well as other environmental restrictions and regulations,
in an effort to get the cut out.

Similarly, the fire-industrial complex and the beneficiaries of that industry,
including developers and the timber and livestock industries, use language that
deliberately blurs the distinction between ecological restoration, public safety,
public benefits, and commercial profiteering. One example is the use of military metaphors. We “fight” fires. We have “firefighters.” We seek to stop the
“inferno” from “destroying” the forest. We talk about the “advancing front” of
the blaze as if it were an enemy army on the march. Firefighters mount a “direct attack” with water or chemicals in an effort to “control” the blaze. If that
fails, they resort to an “extended attack incident,” in which more firefighting
personnel—a “strike team”—are called into action by the “incident commander.” The metaphors of war place firefighting and fire suppression in a positive,
patriotic light while casting wildfire as the enemy that must be halted.

The Bush administration has capitalized on the word “salvage” as a euphemism that implies saving something of value—seemingly a beneficial
effort. Using the claim of “salvaging” some value from the “destruction” created by the fire, agencies portray salvage logging as a win-win scenario
for everyone — the timber industry profits from logging, the public gets
wood products, and the forest is “aided in its recovery.” The best thing about
salvage sales, we are told, is that the forest benefits because salvage logging will hasten forest regeneration—a patently false assertion challenged
by numerous postfire studies.

“ catastrophic ” fires / “ restoring ” the “ damaged ” forest
Often in government proposals and reports, we find many euphemisms used
to frame and justify the cutting of trees in the aftermath of a blaze. We are
told about the need to remove burned trees resulting from “catastrophic” fires
and the need to “restore” the “damaged” forest. “Catastrophic” is a loaded
term meaning disastrous, calamitous, or ruinous. Yet large blazes are completely normal in many ecosystems—for instance, the Yellowstone fires of
1988 are often referred to as “catastrophic” when, in fact, from an ecological
perspective, long-interval, but very large stand-replacement fires are the norm
for this landscape. Large fires create new, healthy forests and at the same time
recycle nutrients, enrich watersheds, and create snags and downed woody
debris critical to many wildlife species. To label such blazes as “catastrophic”
is pejorative and misleading.

If, on the other hand, we frame the issue by suggesting that fire is nature’s way
of “rejuvenating” or “regenerating” the forest rather than “destroying” it, we
create a radically different perspective on wildfire. Why, then, do agencies
such as the Forest Service or the Bureau of Land Management—agencies that
are full of scientists and researchers who have studied wildfire and who repeatedly suggest that society reframe its view of fire as a natural process for healthy
ecosystems—continue to use terms that paint fire as “destructive” or “catastrophic,” as something that must be “fought” and “controlled”? A large part
of the answer lies in the bias of these agencies toward timber and grass production, compounded by a Washington administration that favors resource
exploitation. One need not look far to find examples of this bias in the choice
of terminology used in relation to wildfire.

By the same token, the idea that logging “restores” the forest is misleading at
best, since the intrusion of logging roads, introduction of weeds on trucks and
equipment, soil compaction from heavy equipment, and removal of woody
debris and snags harm the forest. Even the planting of trees in the name of
“restoration” can short-circuit normal ecological processes. In many instances,
a burned landscape is first nourished by a proliferation of nitrogen-fixing
plants that enrich the soil, setting the stage for later tree regeneration.

“ salvage logging ”
Logging on public lands is a practice that has been called into question for a
host of reasons, including concern about its impact on wildlife, watersheds,
fisheries, and scenery. As a consequence, it has become more difficult for agencies to cut trees on public lands. In order to skirt environmental regulations
and public opposition to the timber industry, a sympathetic Bush administration and members of Congress have ordered the Forest Service to offer “salvage logging” timber sales, which are exempt from most public scrutiny and
most environmental measures. Public opposition to logging burned forests is

Finally, “damaged” implies that fire harms the forest and that prompt logging
will “improve” the forest, again casting a negative and pejorative spin on a
creative natural process of combustion.
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“ hazard reduction logging ”

after the weather changes—typically not as a result of firefighting efforts.
The next time you hear that a wildfire was “controlled,” check to see whether
there was an accompanying change in the weather that facilitated the “control.” The use of the term “controlled” to describe the natural extinguishment of a blaze blurs the lines of cause and effect. Agencies accept credit for
“stopping” a big blaze for obvious reasons—it increases public support and
money for future suppression activity. Yet natural events like large blazes
are affected by so many variables that the opportunity for human control of
these processes is actually minimal.

Closely related to salvage logging is “hazard reduction logging,” which is—far
too often—just another name for commercial logging under the guise of fire
prevention. Reduction of fuels by the removal of small-diameter trees and
brush will—in some instances—reduce the likelihood of a larger blaze and
increase the effectiveness of fire suppression, and is thus a legitimate strategy
to implement, say, near a community. However, in many instances, agencies
feel compelled through lobbying pressure to make such “hazard reduction logging” lucrative and attractive to private logging companies by offering timber
sales that include a substantial amount of large-diameter trees. These largebole trees are the most fire-resistant and are exactly the kind of tree that we
should leave, not cut. Furthermore, the term “hazard reduction” in reference
to fire suggests that having the forest burn is somehow “bad,” whereas, in
many instances, fire is part of the forest’s normal ecological process.

•••
What all these terms have in common is that they have been twisted to serve
logging or fire industry interests, and turned into a matrix of metaphors and
euphemisms to support a fire-industrial complex that benefits from fire suppression and fire-related logging. Beware.

“ balanced forest management ”
We often hear politicians and industry representatives talking about “balanced forest management” in relation to forest fire policy. The implication of
such a phrase is that the current policy is out of whack. What “balanced forest management” really means is giving commercial industries unfettered
access to public lands and resources. Thus any “balance” is nearly always in
favor of commercial interests.

the “ healthy forests initiative ”
The Bush administration’s “Healthy Forests Initiative” is another euphemism,
and a cynical attempt at spin, for many of the policies in the initiative actually
lead to less forest health, not more. The initiative, passed into law as the
Healthy Forest Act in 2003, allows logging of large-bole trees under the guise
of thinning forest stands for “fire prevention” and limits public scrutiny and
environmental review. It places priority on short-term economic and property
considerations rather than on the long-term ecological health of the forest.
The initiative was described as a “commonsense” approach, suggesting to an
often-unquestioning public that the plan unequivocally makes sense at all levels despite its actually being harmful in practice.

We need to thin. We need to make our forests healthy by using
some common sense. . . . We need to understand, if you let
kindling build up and there’s a lightning strike, you’re going
to get yourself a big fire.
—President George W. Bush, as reported by CNN, August 22, 2002

We need some common sense to prevail so we can have activity
on the ground and get these fuels reduced.

In creating a positive spin for the initiative, one government supporter called
loggers “the physicians of the forest.” This is a clever use of metaphor, implying that the way to “cure” the presumed forest health problem—even though
sometimes there isn’t one—is by allowing the “physicians” to cut the trees.

—Forest manager for a timber company, as reported in
the San Francisco Chronicle, September 10, 2002

We must strengthen the health of our forests through a combination of thinning and quickly restoring areas damaged by fires.
By actively managing our forests in this way, we’ll help our
environment by reducing the number of acres of forest land
that catastrophic fires burn each year.

“ clarifying rules ” / “ regulatory streamlining ”
“Clarifying rules” protecting wildlife and “regulatory streamlining” are
euphemisms often used by pro-industry administrations to reduce government oversight and monitoring. These terms are usually code for eliminating regulations and public oversight that hinder exploitation of public
resources for private profit.

—President George W. Bush, radio address, August 2002

“ controlling ” a blaze
Even the legitimate terms used to describe fires have concealed implications.
For instance, we often hear media and government agencies claim that firefighters have a blaze “under control.” What does this phrase really mean? In
most instances, it means that the weather changed: it rained or snowed. Most
small fires go out on their own, without any suppression. Big blazes are most
often driven by drought and wind—conditions under which fire suppression
efforts usually fail to have any significant impact. Big blazes are extinguished
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A GLOSSARY OF WILDLAND FIRE TERMS

aerial ignition The ignition of fuels by dropping
incendiary devices or materials from aircraft.
agency Any federal, state, or county government
organization participating with jurisdictional
responsibilities.
air tanker A fixed-wing aircraft equipped to drop
fire retardants or suppressants.
backburn A blaze deliberately ignited in advance
of a fire front to eliminate fuels so as to deflect
or stop the spread of the fire.
backfire A fire set along the inner edge of a fire
line to consume the fuel in the path of a wildfire and /or change the direction of force of the
fire’s convection column.
backpack pump A portable sprayer with hand
pump, fed from a liquid-filled container fitted
with straps.
biodiversity Biological diversity at genetic, population, ecosystem, and landscape scales.
biological legacies Standing dead trees (snags),
downed logs, intact thickets, and large living
trees that persist after disturbance events, such
as a forest fire.
biomass In the context of a forest, downed logs
and other biologically derived materials.
blowup A sudden increase in fire intensity or rate
of spread.
broadcast burn A fire that is permitted to burn
over a large area in order to achieve a preplanned objective.
brush Stands of vegetation dominated by shrubby, woody plants or low-growing trees.
buck To cut up, as in cutting up a log.
buffer zone An area of reduced vegetation that
separates wildlands from vulnerable residential
or business developments.
burnout A fire set inside a control line to widen
the line, or to consume fuel between the edge of
the fire and the control line.
canopy The uppermost spreading branchy layer

of a forest; may be closed (providing shade) or
open (providing light).
cargo chute A smokejumping parachute used to
carry supplies.
chaining Ripping trees and shrubs from the
ground by means of giant logging chain pulled
between two tractors.
chaparral A plant community of low, oftenevergreen shrubs; primarily found in California.
choker setter The person in a logging operation
who wraps a chain (choker) around a log so it
can be hauled to a landing.
clearcutting The removal of all standing trees.
cold trailing Inspecting a partly dead fire edge by
feeling with the hand for heat, then digging out
every live spot and trenching any live edge.
community protection zone An area surrounding a town from which fuels like brush and trees
are removed in order to stop advancing fires.
complex Two or more individual fires located in
the same general area.
contain a fire To complete a fuel break around a
fire.
control a fire To completely extinguish a fire,
including spot fires.
conversion burns Burns that change the vegetation from one type to another—for example,
from a forest to a pasture.
creeping fire A fire burning with a low flame and
spreading slowly.
crown (of a tree) The top of a tree.
crown fire A fire that moves through the crowns
of trees or shrubs more or less independently of
the surface fire.
defensible space An area in which material capable of causing a fire to spread has been cleared
and treated to act as a barrier to an advancing
wildland fire.
deployment bag A bag that holds a parachute
and keeps its ropes from tangling.
direct attack A method of wildfire control in
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which firefighting techniques are used directly
on the fire perimeter; can only be used safely
with slow-moving fires.
dog-hair thickets A dense stand of trees packed
like hair on a dog’s back.
downed logs Fallen trees on forest floor.
downfall Trees and branches that have fallen to
forest floor.
dozer Any tracked vehicle with a front-mounted
blade used for exposing mineral soil.
dozer line A fire line constructed by the front
blade of a dozer.
drift streamer A piece of flagging dropped from
an airplane by smokejumpers to determine the
wind direction prior to a jump.
drip torch A handheld device for igniting fires by
dripping flaming liquid fuel on the materials to
be burned.
drop spot The landing target of smokejumpers.
dry lightning storm A thunderstorm in which
negligible precipitation reaches the ground;
also called a dry storm.
duff The layer of decomposing organic materials lying below the litter layer of freshly fallen
twigs, needles, and leaves and immediately
above the mineral soil.
duff hoe A tool, part hoe and part rake, used to
remove duff from around trees prior to the prescribed burning of site.
engine A ground vehicle with pumping, water,
and hose capacity.
entry burns The first of a series of planned burns
on a site from which fire has been excluded for
a significant time.
environmental impact statement (EIS) An
analysis of the probable effects of proposed
actions upon the environment; authorized by
the National Environmental Policy Act (NEPA)
of 1969.
escaped fire A fire that is no longer under control.
extreme fire behavior Fire behavior that is diffi-

cult to control because of a high rate of spread,
prolific crowning and /or spotting, presence of
fire whirls, and /or strong convection column.
faller A person who fells (cuts down) trees.
feller buncher A tractor used in logging that cuts,
stacks, and loads trees.
fine fuels See light fuels.
fire barrier A natural (rock outcrop or river) or
artificial (road) feature that prevents the spread
of a fire.
fire behavior The manner in which a fire reacts to
the influences of fuel, weather, and topography.
firebrands Burning embers thrown by the wind
in advance of a fire front.
fire break A natural or constructed barrier used
to stop or check fires that may occur, or to provide a control line from which to work.
fire crew An organized group of firefighters under
the leadership of a designated leader.
fire ecology The study of the influence of fire on
natural landscapes.
fire exclusion The exclusion of fire from an area
through suppression.
fire front The part of a fire within which continuous flaming combustion is taking place; usually
the leading edge of the fire perimeter.
fire intensity A general term relating to the heat
energy released by a fire.
fire line A linear fire barrier that is scraped or dug
to mineral soil.
fire management plan A strategic plan that
defines a program to manage wildland and prescribed fires.
fire mosaic The pattern of burned and unburned
patches of vegetation created by fire on the
landscape.
fire perimeter The entire outer edge or boundary
of a fire.
fire regime The dominant fire pattern for an area,
including the normal frequency and intensity
of blazes.
fire retardant A chemical used to extinguish
flames.
fire rotation The average time between blazes.
fire season The period of the year during which
wildland fires are likely to occur.
fire shelter An aluminized tent offering protection to wildland firefighters during a fire entrapment situation.
firestorm Violent convection caused by a large,
continuous area of intense fire.
fire suppression All the work of extinguishing or
containing a fire, beginning with its discovery.

fire weather Weather conditions that influence
fire ignition, behavior, and suppression.
flame front The advancing front of a fire.
flash fuels See light fuels.
foehn winds Warm, dry winds that occur where
air masses climb over mountains, decompressing rapidly as they descend—e.g., the Santa
Anas of southern California.
forb A plant with a soft rather than a permanent
woody stem that is not a grass or grasslike plant.
fuel Combustible material that feeds a fire, including vegetation such as grass, leaves, ground
litter, plants, shrubs, and trees.
fuel breaks Areas where fuel is removed in
advance of a fire front to slow or stop the fire.
fuel load The amount of fuel present, expressed
quantitatively in terms of weight of fuel per
unit area.
fuel treatment Any method, including prescribed
burning or mechanical thinning, that removes
or reduces fuels.
fusee A colored flare designed as a railway warning device and widely used to ignite suppression and prescription fires.
g-force The force of gravity.
ground fires Fires that burn on the surface and in
belowground parts of plants such as their roots.
ground fuels All combustible materials below the
surface litter that normally support a glowing
combustion without flame.
hand line A fire line built with hand tools.
heat flux The heat transfer rate per unit of area.
heavy fuels Fuels of large diameter — such as
snags, logs, and large-limbed wood—that ignite and are consumed more slowly than flash
fuels.
helitorch A torch dragged beneath a helicopter to
ignite fires.
historical range of variability The normal frequency pattern of disturbance common to a
particular area.
home ignition zone The house and the area
within 200 feet of the house.
hotshot crew A highly trained fire crew used
mainly to hand-build fire lines.
incident commander The person responsible for
managing all operations at a fire site.
indirect attack A method of wildfire control in
which the control line is located at a considerable distance from the fire’s active edge; necessary with fast-moving or large blazes.
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jump spot The selected landing area for smokejumpers.
jump suit A protection suit worn by smokejumpers.
keystone An important species or ecological process (such as fire) that is crucial to the organization and diversity of an ecosystem.
ladder fuels Trees and shrubs that provide a
“ladder” of fuels permitting a fire to jump from
the surface into the crowns of trees.
large fire A big fire for a particular ecosystem,
usually burning hotter and over a greater area
than the average blaze for that region.
legacy trees See biological legacies.
light burning The burning of litter and other fine
fuels that do not normally create hot blazes.
light (fine) fuels Fast-drying fuels, generally less
than 1/4 inch in diameter, that readily ignite and
are rapidly consumed by fire when dry.
litter The top layer of forest floor debris, consisting of recently fallen material that has been little altered by decomposition.
log skidding The dragging of logs across a logging site.
maintenance burns Regularly scheduled burns
to maintain a desired vegetation community or
fuel load level.
megafires Very large blazes, usually in the hundreds of thousands of acres.
mineral soil Soil layers consisting of dirt without
organic matter.
mop-up The patrol of a fire perimeter to extinguish any remaining embers or flames.
National Environmental Policy Act (NEPA)
The basic national law for protection of the
environment, passed by Congress in 1969.
National Fire Danger Rating System (NFDRS)
A uniform fire danger rating system that
focuses on the environmental factors that control the moisture content of fuels.
Nomex The trade name for a fire-resistant synthetic material.
Osborne Fire Finder A device used in fire lookouts for pinpointing a fire location.
parachute riser An attachment that connects
parachute ropes to the harness of the parachuter.
prescribed fire / prescribed burn A fire ignited
by management actions under predetermined
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conditions to meet objectives related to hazardous fuels or habitat improvement.
prescribed natural burn policies Fire management policies that permit naturally ignited
fires to burn under specific prescribed circumstances.
prescription Defined conditions under which a
prescribed fire may be ignited.
presuppression activities Activities, such as tree
thinning, carried out prior to fire suppression.
project fire A fire of such size or complexity that
a large organization and prolonged activity are
required to suppress it.
pulaski A combination chopping and trenching
tool that combines a single-bitted ax blade with
a narrow, adzelike trenching blade fitted to a
straight handle.
refugia Sites that provide refuge for species from
disturbances such as fire.
relative humidity The ratio of the amount of
moisture in the air to the maximum amount of
moisture that the air would contain if it were
saturated.
retardant A substance or chemical agent that
reduces the flammability of combustibles.
rotational age In terms of economic efficiency,
the ideal age for cutting a forest.
safety zone An area cleared of flammable materials to allow firefighters to escape in case the fire
line is outflanked or becomes unsafe.
salvage logging The postfire removal of dead or
damaged trees designed to “salvage” the economic value of the wood.
Santa Ana winds High winds that blow from the
California desert toward the Pacific Ocean and
often help to sustain large wildfires in southern
California.
scrub A stunted tree or shrub.
serotinous cones Cones that remain closed on the

tree until opened by heating, whereupon they
release their seeds.
sink population A declining part of a larger species population that does not produce enough
young to maintain the population.
slash The debris left after logging, pruning, thinning, or brush cutting; includes logs, chips,
bark, branches, stumps, and broken understory
trees or brush.
slipstream A low-pressure area immediately
behind a moving airplane; often encountered
by smokejumpers as they leave the plane.
slurry bomber An airplane that drops fire retardant.
smokejumper A firefighter who travels to fires by
aircraft and parachute.
smoldering fire A fire burning without flame and
barely spreading.
snag A standing dead tree or part of a dead tree
from which at least the smaller branches have
fallen.
source populations An expanding part of a
species population that is exporting members
to vacant habitat.
spot fire A fire ignited outside the perimeter of the
main fire by flying sparks or embers.
spotter In smokejumping, the person responsible
for selecting drop targets and supervising all
aspects of dropping smokejumpers.
stand-maintenance fires Fires that maintain
forest stands by thinning excess trees.
stand-replacement fires Fires that kill all trees
in an area so that the stand can be replaced by
younger trees.
static line A line attaching a smokejumper’s
parachute to a cable within the airplane that
jerks open the chute as the jumper exits the
plane.
superfire A large blaze, usually covering more
than 50,000 acres.
suppressant An agent, such as water or foam,
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used to extinguish the flaming and glowing
phases of combustion when directly applied to
burning fuels.
suppression See fire suppression.
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development. See WUI (wildland-urban interface) communities
Devil’s Table, livestock grazing, 197
DiMicele, Alice, quoted, 84
Dinosaur National Monument, juniper woodlands, 162,
162–163
disaster relief funds: to compensate wildfire losses, 235,
261–263; FEMA, 261, 263; for hurricane-prone areas,
261–262, 277; insurance compensation, 84, 210–211, 220,
258, 259, 263, 277
dog-hair thickets. See dense timber stands
Douglas-fir: adaptations to wildfire, 142; grasslands invaded by,
87; mistletoe infestations, 177; Oregon Coast Range, 158;
Rocky Mountain National Park, 168; Sierra Nevada, 64;
temperate rainforests, 181, 193; wildfire suppression, 87
dozer lines, environmental damage caused by, 224–225, 227,
275
Drengson, Alan, xxvii
drought: Biscuit Fire and, 80; blaze intensity and, xiii, 140, 181,
187, 197, 198; drought-induced stress of white fir, 128;
impact on grasslands, xix, 132, 198; rainforest wildfires and,
158; Southern California wildfires and, 71; and vulnerability
of trees to pests, 198; Yellowstone Park fires and, 46, 54, 56,
60; see also rain; specific areas in U.S.
duff hoes (McClouds), 38

federal land-management agencies: support for timber harvest
on public lands, 205, 206, 207; see also National Park Service; U.S. Forest Service; wildfire-management strategies
feller bunchers, 226
FEMA (Federal Emergency Management Agency), disaster relief
funds, 261, 263
Final Environmental Impact Statement (FEIS), for Biscuit fire
restoration, 35, 189
fir: adaptations to wildfire, 9–10; red, in Yosemite National
Park, 14; spruce-fir forests, 95, 123, 123; subalpine, in
lodgepole pine forests, 50–51, 52, 54, 56
fir, white: drought-induced stress, 128; Kaibab Plateau, 86, 87;
prescribed burning, 67; Sierra Nevada, 64, 65; wildfire suppression, 63, 122, 122, 170
fire: biological basis of, 3, 5–7; industrial, 7; man as fire agent,
6–7, 13–16, 253; use of fire in daily life, 40; see also prescribed burning; wildfire entries
firebrand ignitions, 266
firebreaks (fuel breaks): CDF-designed, 38; in chaparral shrublands, 73; high-elevation rock as, 146; old-growth trees cut
for, 225–226; rake lines in home ignition zones, 266; urban
streets as, 210
fire control: as myth, xv, 56, 271, 276, 285; see also firefighting techniques and tools; wildfire suppression; wildfiremanagement strategies
firefighters: concerns about fire suppression role, 3, 19–22;
dangers faced by, 11, 21, 25, 73, 224–226, 231, 258; death
of, 25, 26; Gary Snyder as, 38–40; as heroes, 223, 231, 275;
motivations of, 20–21, 253; new models for, 231; pay for
backcountry firefighters, 274; smokejumpers, 3, 18, 19,
19–22, 25, 221; volunteer, 38; as wildland fire guiders,
22, 231
firefighting costs: federal funding for, 92, 203, 205–206, 215,
217, 217–221, 231, 273–276; Forest Fires Emergency Act
and, 203, 217, 252; funding for backfires, 252; to protect
WUI communities, 255, 256, 258, 271; for rangeland fires
on public lands, 198
firefighting techniques and tools: aerial tools, 200–201, 212,
213, 219, 220, 221; backfires, 92, 226–227, 230, 252, 275;
blaster cord, 224; burnouts, 4, 226–227, 252; cold trailing,
22; community protection zones, 265–267; damage caused
by, 92, 224–231, 252, 274–276; dozer lines, 224–225, 227,
275; duff hoes, 38; feller bunchers, 226; firebreaks, 38, 40,
146, 210, 225–226, 266; fire-industrial strategies, xxii, 203,
223–231, 273–277; fire lines, 21, 22, 23, 224–226, 227,
230; fire retardants, 213, 219, 220, 221, 225, 227, 230, 275;
home ignition zones, 265–267; hotspotting, 22; as ineffective
in large blazes, 56, 91; interlinked with logging, 225–227,
230–231; mitigation of damage caused by, 186, 225; oldgrowth tree cutting, 225–226, 227, 230–231, 275; protocols
to prevent, 22; pulaskis, 38; suppression firing operations,
226–227, 230–231; for WUI fires, 210, 211, 256, 258, 262,
263, 265–267; see also wildfire suppression
fire lines: digging, 21, 22, 23; environmental damage caused by,
224–225, 227, 230; old-growth tree cutting for, 225–226
fire-military-industrial complex, xxii, 203, 223–231, 273–277
fire mosaics: as bird habitat, 112; from Biscuit Fire, 34; bison
foraging and, 166; in boreal forests, 130; in chaparral shrub-

earthquakes: disaster relief funds, 262; Iben Browning’s predictions, 27–29; limiting development in areas prone to, 210,
258; Loma Prieta, 27–29
eastern U.S.: climate, 95; decomposition rates, 95; drought, 95,
96; eastern white pine forests, 95, 97; fire regimes, 95–97;
livestock grazing, 96; logging, 96; Native Americans and
wildfire, 95, 96; oak-hickory forests, 97; pitch pine-Virginia
pine forests, 95, 96; red pine-Jack pine forests, 95, 96; role
of wildfire, 95–97; southern pine forests, 95, 96; wildfire suppression, 96, 97; see also specific eastern states and sites
ecocentric values, defined, xxviii
ecological/biocentric worldview, xxv, xxvii–xxix, 3, 250–251
ecological restoration: defined, 239; natural-range-of-variability
concept, 240, 240–241; see also restoration of southwestern
ponderosa pine ecosystems
ecosystem complexity, aspects of, 111–112
ecosystem management, as euphemism, 207
ecosystem process of forests, defined, 179
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lands, 72; defined, 77; as diversifying influence, 152, 179,
193, 226; edge effects, 180; firefighting techniques and, 226;
healthy forests and, 207; Klamath-Siskiyou ecoregion, 45,
77–84; Lava Beds National Monument, 150; lessons learned
from, 83–84; prescribed burning to enhance, 250; salvage
logging and, 189; Sierra Nevada, 45; Yellowstone National
Park, 60, 152, 152–153
fire plains concept, 259, 271
fire protection districts, responsibilities of, 220–221
fire regimes: altered by livestock grazing, ix, 123, 123, 197–198,
251; defined, 69; in healthy forests, 207; mixed-severity, 45;
in ponderosa pine forests, 48, 134, 168; in southwestern
ponderosa pine forests, 45, 69–71, 87–92, 102, 239–240,
244–245; see also fire mosaics; specific areas of U.S.; wildfire-adapted ecosystems
fire retardants: aerial dropping of, 212, 213, 219, 220, 221;
environmental damage caused by, 225, 227, 230, 275;
exempted from Clean Water Act, 225
fire return interval departure analysis, 66–67
fire-safing homes: home ignition zones (defensible space), 235,
258, 259, 265–267; regulatory requirements for, 210–211,
275, 276–277; responsibility for cost of, 209, 215, 235;
strategies for, 11, 209, 258, 259
fire-scar-based fire histories, 105–107, 106
firestorms, defined, 71
fire succession. See regeneration following fires
fish: effects of Yellowstone Park fires on, 34, 56; killed by fire
retardants, 189, 275; killed by sediment, 182, 189 ; salmon,
in roadless areas, 80, 83; snags as cover/habitat for, xiv, xx,
xxiii, 58, 79, 183, 195; tree boles as habitat for, 158; trout,
recovery of endangered species, 160
fishing: fish stocking in national parks, 50; as forest-dependent
industry, 192; overfishing, 160
Flathead River Valley, North Fork, 160, 160–161
flooding: disaster relief funds, 262–263; following chaparral
fires, 73; interventionist vs. noninterventionist approaches,
ix, xv; limiting development in flood-prone areas, 210, 258,
259, 277; relocation assistance, 262, 263; as repetitive natural phenomena, 262; similarities to wildfire, 271
Florida: home inspections in fire-prone areas, 210; see also specific sites in Florida
foraging guilds, responses to fire, 114
forest-dependent industries, 192
Forest Fires Emergency Act (blank check), 203, 217, 252
forest management plans, xxix
forest-management plans: see also wildfire-management strategies
forests: acreage of fire-prone lands, 206; adaptations to wildfire,
vii–ix, xvi, xxii, xxviii, 9–11, 34, 38, 45, 121, 130, 138, 142,
144, 146, 168, 179; biological capital reinvestment,
191–195, 245; commercial exploitive fire policies, 177,
191–195, 205–215; conversion potential of trees, 192;
density of stands, 70, 87, 89, 90–91, 102, 107, 197, 206;
destroyed by fire myth, xvi, 121; economic vs. environmental
sustainability, xxvii–xxix; ecosystem complexity, 111–112,
179, 183; evolution of stress-resistant species, 193; extinction
of tree species, xxix; factors affecting tree growth rate, 192;
Forest Fires Emergency Act, 203, 217, 252; impact of
drought on, 132, 198; structural makeup, 179, 180, 183,
189, 208, 242; see also fuel reduction; logging entries;
national parks and forests; specific forests and national
parks; specific types of trees
forests, managed. See tree plantations
Fotheringham, CJ, 45, 69
Fox, Joe, 3, 19
Frank Church-River of No Return Wilderness, 132, 132–133,
134, 134–135
French Creek, Black Hills, 164, 164–165
Front Range, Moraine Park, 168–169; ponderosa pine ecosystems, 168
fuel reduction: in backcountry areas, 214–215; in chaparral
shrublands, 71, 72, 73; economic considerations, 203,
205–215; empirical data lacking, 207–208; environmental
costs, 214–215; impact on large blazes, 70, 181, 187,
192–193; livestock grazing as tool, xix, 70, 79–80, 177, 197,
197–198, 205–206, 207; logging as tool, 83–84, 177,
180–181, 205–215; myths and truth, xiii; to protect distant
developments, 209–210; on public lands, 205–215; salvage

logging as tool, 187; in southwestern pine forests, 235,
244–246; at WUI, xxiii, 45, 67, 83–84, 208–213, 235, 256,
263, 265–267; see also hazard reduction logging; Healthy
Forests Initiative; ladder fuels; prescribed burning; salvage
logging; thinning; wildfire suppression
fungi: mycorrhizae, xvii, 78, 188, 193; snags as habitat for, xiv;
as wildlife food, 193; see also plant pathogens
Gallatin National Forest/Gallatin Range: description of wildfire,
10; fire mosaics, 152, 152–153; wildland fire use, 256; see
also Yellowstone National Park entries
genetically modified fuels, 6
Gifford Pinchot National Forest, clearcutting, 209
Gila National Forest, 93
Glacier National Park, 118; regrowth following Red Bench Fire,
160, 160–161, 270
Glenwood Springs Fire, media coverage of, 25, 26
Glick, Dennis, 235, 255
global climate changes: historical climatology to assess,
107–108; impact of anthropogenic fire on, 7; impact on
southwestern fires, 91–92, 102–103, 237; impact on tundra
ecosystems, 144; as justification for tree plantations, 82; tree
growth rate and, 192
glossary of euphemisms and spin, 284–285
glossary of wildland fire terms, 286–288
Governors’ Conference on the Conservation of Natural
Resources, xxviii
Grand Canyon National Park, wildfire suppression, 170,
170–171
Grand Prix Fire, acreage burned by, 262
Grand Teton National Park, 234
grasses: exotic fire-prone species, xix, xxiii, 198; native, xix, 80,
136, 150, 150–151, 198
grasslands and meadows: acreage of fire-prone lands, 206,
211; Alaskan tundra, 144; bison dependent on, 166; fuelreduction programs, 205–215; Great Plains, 15; impact of
Yellowstone Park fires on, 58; Lava Beds National Monument, 150, 150–151; prescribed burning, xviii, xviii, 250,
251; sagebrush and range fires, 136; Sierra Nevada, 64, 65;
southwestern U.S., contemporary, 90–91, 104–105, 105;
southwestern U.S., prehistoric, 89, 90; in wilderness areas,
132; wildfire suppression, 150, 164; see also conifer encroachment; livestock grazing
Graves, Henry S., 217
Great Basin National Park: aspen groves, 154, 154–155; livestock grazing, 154
Great Burn proposed wilderness, 120, 140, 140–141
Greater Yellowstone Ecosystem: fire regimes, 10, 52, 54; impact
of 1988 fires on, 34, 46–60; overview, 255; residential development, 255–259; see also Yellowstone National Park entries
Great Plains, impact of Native Americans on, 15
Greeley, William B., 217, 218
Green Knoll Fire, firefighting costs, 256
habitat fragmentation: by ecological restoration, 241; by fire
lines, 224–225; by logging roads, 180, 181, 194, 195;
stresses created by, 193
hardwood species: treated as weeds in tree plantations, 182,
187, 188; western hemlock in temperate rainforests, 193
hardwood woodlands: resistance to burning, 95; of Sierra
Nevada, 64; see also aspen; oak woodlands
Hayman Fire, 208, 262
hazard reduction logging/hazardous fuels management: economics of, 205–215; as euphemism, xxii–xxiii, 207, 285; see
also fuel reduction; logging, commercial; salvage logging
healthy forest, as euphemism, xxiii, 207, 214, 225
Healthy Forest Restoration Act. See Healthy Forests Initiative
Healthy Forests Initiative: costs to implement, 211; as
euphemism, xxii–xxiii, 34, 285; livestock industry support
for, xxii–xxiii; logging industry support for, xxii–xxiii; political pressure for, 34, 35, 78–79
Hells Canyon Fire, 275
Hells Canyon National Recreation Area, 188
hemlock, western, 193
Hetch Hetchy Valley, Miwok communities, 15
hickory-oak forests, fire regimes, 95, 97
high-severity fires. See stand-replacement (crown) fires
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historical range of variability, 112, 114–115
Hodel, Don, 34
home ignition zones (defensible space), 83–84, 235, 258, 259,
265–267
hotspotting, defined, 22
humanized landscape myth, 13–16
hunting, trapping, and poaching: of beaver, 90; dead trees as
cover for prey, 183; as forest-dependent industries, 192; fuelreduction programs and, 214; logging roads and, xiv, xx; by
Native Americans, 15; prescribed burning to enhance forage,
251; on public lands, 205–206
hurricanes, disaster relief funds for losses due to, 261–262, 277
Idaho: acres burned by wildfires, 181; home inspections in fireprone areas, 210; houses among trees, 122, 122; see also
specific sites in Idaho
Idaho City Complex Fire, 23
incendiary language to describe wildfires, 30, 33, 84, 186,
275–276; see also euphemisms; media coverage of wildfire
industrial/anthropocentric worldview, xxiv, xxvii–xxix, 3,
33–35, 250–251
industrial fire, understanding fire ecology through, 7
Ingalsbee, Timothy, 235, 249
insectivorous plants, postfire ecology role, 78, 81–82
insect pests: anthropocentric pest-suppression policies, xxix,
177; drought-stressed trees attacked by, 132, 198; introduced
by logging, xiv, xx, 177; killed by smoke and fire, 182; of
lodgepole pines, 138
insects: as food for birds following fires, 113–114, 183; oak
woodlands as habitat for, 156; snags as habitat for, xiv
insects, aquatic: killed by sediment, 182, 189; nutrients for,
182; snags as cover for, xiv
instrumentalist nature view, xxviii
instrumental values, defined, xxviii
insurance premiums in fire-prone areas, 84, 210–211, 220,
258–259, 263, 277
interface communities: defined, 267; see also WUI (wildlandurban interface) communities
intermix communities: defined, 267; see also WUI (wildlandurban interface) communities
Intermountain Fire Sciences Laboratory, 28
intrinsic nature view, xxviii
invasive plant species (weeds): cheatgrass, xix, 197, 198; ecological restoration and, 242, 243; firefighting techniques
and, 189, 224, 230; livestock grazing and, xix, xxiii, 79–80,
197–198; logging and, xiv, xx, 35, 79, 177, 180, 185; salvage
logging and, 188, 226; type conversions in California, 74
Jedediah Smith Wilderness, 256
Jemez Mountains, 124–125; Cerro Grande Fire, 87, 124, 239,
239; montane grassland restoration, 104
journalists: educating about fire ecology, 84; scientific ignorance
of, 26, 27, 34, 276; urban background of, 29; see also media
coverage of wildfire
juniper woodlands: grasslands invaded by, 102, 150, 197–198;
Mesa Verde National Park, 87, 162; Sierra Nevada, 64;
southwestern U.S., 87, 89, 177; wildfire suppression, 87, 162
Kaibab Plateau, 170–171; aspen forests, 86; wildfire suppression, 122, 122
Kalmiopsis Wilderness, 34, 80
Keeley, Jon E., 45, 69
Kelowna, wildland-interface wildfire, 206
Kennicott River, boreal forests, 130, 130–131
Kerr, Andy, 271, 273
Keyhole State Park, 172–173
keystone species: biological legacies as, 186; Port Orford cedar,
80
Kings Canyon, fire management policies, 66
Klamath-Siskiyou ecoregion: biodiversity, 77–78; commercial
logging, 77–79, 80, 81; fire-adapted ecosystems, 78, 227; f
ire mosaic protection and restoration, 77–84; fire regimes,
77–78; fuel management, 78; livestock grazing, 79–80; logging roads, 79, 80; plant communities, 77–78; regeneration
following fires, 78, 79; tree plantations, 187; wildfire suppression, 45, 77, 78, 79; see also Biscuit Fire; Siskiyou Wild
Rivers area

Knutson-Vandenberg reforestation fund, 219
Krist, John, 235, 261
ladder fuels, 234; in dense stands, 70, 132, 170, 213; livestock
grazing and, 207; removal techniques, 21; removing from
community protection zones, 266; in spruce-fir forests, 123,
123; understory trees as, 50–51, 52, 54, 128; see also fuel
reduction
Lake Eleanor, Miwok communities, 15
Lake Tahoe. See Tahoe National Forest/Lake Tahoe
La Mesa Fire, 91
land-use disputes: ecological approaches, xxviii–xxix; expansionist approaches, xxvii–xxviii; logging on public lands,
205–207
land-use planning, for WUI, 235, 255–259
large-diameter (old-growth) trees: as bird habitat, 96; as fireresistant, 34, 78–79, 82–83, 128, 132, 164, 187, 213,
266–267, 285; Klamath-Siskiyou ecoregion, 78–79; Lake
Tahoe, 128; as “overmature,” vii; removed by firefighting,
225–226, 227, 230–231, 275; removed by logging, 90–91,
206, 213–214; removed by salvage logging, vii, xxiii, 34–35,
39, 79, 187, 226, 285; removed by selective cutting, 180;
replacing with “superior” species, xxviii; retained by ecological restoration, 242–243; in wilderness areas, 132
Lava Beds National Monument: livestock grazing, 150; native
grasslands, 150, 150–151; regeneration following fires, 150;
wildfire suppression, 150
legacy trees. See large-diameter trees; snags
Leopold, Aldo, xxvi; on forest wildfires, 91; quoted, 100, 132,
198; Sand County Almanac, 22
Leopold Report, 26
lichen: absorption of nutrients from smoke, 252; nitrogen-fixing
by, 182
light (low-intensity) blazes: old-growth pine forests of Lake
Tahoe, 128; ponderosa pine forests, xiii; southern pine
forests, 126; see also prescribed burning
lightning fires, 12; Biscuit Fire, 80; Blacktail Butte Fire, 136;
boreal forests, 130; description of, 10; eastern U.S., 95;
importance of, 13; pine woodlands, 126; Santa Ana winddriven fires and, 72; Sierra National Forest, 15; Sierra
Nevada, 64, 65; southeast pine forests, 15; southwestern
U.S., 89; Stanislaus National Forest, 15; western U.S., xviii,
14, 70; at WUI, 256; Yellowstone National Park, 54–55;
Yosemite National Park, 14–15
livestock grazing: aspen decline and, 148; conifer density and,
170, 197–198, 238, 243, 244; eastern U.S., 96; fire regimes
altered by, ix, 123, 123, 197–198, 251; invasive plants and,
xix, xxiii, 79–80, 180, 197–198; juniper fire history and,
162; National Fire Plan on, xxiii, 197; in oak woodlands,
156; prescribed burning to maintain rangeland, xviii, 250;
on public lands, 198, 205, 206, 207; to reduce fuel loads,
xix, 70, 79–80, 177, 197, 197–198, 205–206, 207; sheep,
xix, 90; soil erosion/compaction and, xix, 197–198; in
wilderness areas, 132; see also specific sites
livestock industry: fire policy driven by, xxii–xxiii, 92, 177,
197–198, 205–207; as forest-dependent industry, 192;
industrial/anthropocentric perspectives, xxiv; support for
Healthy Forests Initiative, xxii–xxiii
logging, commercial: dense growth encouraged by, 70, 207,
213–214; forest pests introduced by, xiv, xx, 35, 79–80,
177, 180, 185, 226; as fuel-reduction tool, 84, 177, 179,
180–181, 205–215; Knutson-Vandenberg reforestation fund,
219; largest trees removed by, vii, xxiii, 34–35, 39, 79,
90–91, 178, 180, 213–214, 285; National Fire Plan on,
xxiii, 92; prescribed burning by, 250; on public lands, 29,
205–207, 218, 225–226, 230–231, 271, 277; sedimentation
and, 82, 91, 182; selective logging, 179, 183; slash left by,
70, 180, 182, 213, 251; soil compaction and, xiv, xx, 180,
194; soil erosion and, xiv, 180; vs. wildfires, ecological differences, 177, 179–183; see also clearcutting; hazard reduction
logging; salvage logging; specific sites and areas in U.S.;
tree plantations
logging industry: conspiracy of optimism, 205, 207, 213; economic considerations, 186, 191–195, 205–206, 213–214,
251; euphemisms used by, xxii–xxiii, 284–285; fire-industrial
complex, xxii, 203, 223–231, 273–277; fire policy driven by,
xxii–xxiii, 92, 177, 205–215, 273–277; forest-dependent

industries, 192; Healthy Forests Initiative and, xxii–xxiii,
78, 79; industrial/anthropocentric perspectives of, xxiv,
xxvii–xxix; interlinked with firefighting, 225–227, 230–231;
justification for tree plantations, 192; railroads and, 90–91;
support for salvage logging, 186, 191–192, 194–195, 277;
timber sale marking of trees, vii
logging plans. See timber harvest plans
logging roads: for firefighters, 224–225; forest pests introduced
by, xiv, xxix, 84; habitat fragmentation by, 180, 181, 194;
human traffic encouraged by, xiv, xx, 84; Klamath-Siskiyou
ecoregion, 79, 80, 227; Oregon Coast Range, 158; repairing
following fires, 186; for salvage logging, 188, 189, 194; soil
erosion/compaction by, xiv, xx, xxix, 84, 182, 194, 195,
224–225; see also roadless areas
Lolo National Forest: Great Burn area, 140, 140–141; wildfire
suppression, 140
Loma Prieta earthquake, media coverage, 27–29
Los Alamos (Cerro Grande) Fire, 239; cause of, 124, 226, 262;
damage caused by, 87, 124, 262; described, 91–92, 124,
209–210; firefighting costs, 220; media coverage of, 29, 87;
prescribed burning and, 124, 239; regeneration following,
124
Los Padres National Forest: chaparral, 68; San Rafael
Wilderness, 142, 142–143
low-intensity fires: in fire mosaics, 77–78; as fuel-reduction tool,
215; in home ignition zones, 266; in oak-hickory forests, 97;
in pitch pine-Virginia pine forests, 96; in red pine forests, 96;
similarity to selective logging, 179; in southern pine forests,
96; in southwestern ponderosa pine forests, 45, 69–71, 91,
237; tree encroachment prevented by, 197–198; see also
prescribed burning
lynx, adaptations to wildfire, 130
Maclean, Norman, 25
Madison River, xx, 52–53
maintenance burns, defined, 250
Malibu Fire, xxx–1, 209, 212, 262–263
Malheur National Forest, crown fire, 119
Mann Gulch Fire, media coverage of, 25
Manti-La Sal National Forest, aspen groves, 148, 148–149
Mariposa Grove, 62
Marys Peak, prescribed burning, 275
Maser, Chris, 177, 191
Maslow, Abraham, 35
Matteson, Mollie, 3, 9
Matthiessen, Peter, 26
maximum benefits use of land, xxix
Mayer State Park, oak woodlands, 156, 156–157
McClouds (duff hoes), 38
meadows. See grasslands and meadows
media coverage: of Exxon Valdez oil spill, 27–29; of Iben
Browning’s earthquake predictions, 27–29; of Loma Prieta
earthquake, 27–29
media coverage of wildfire, 25–29; cultural resonance factors,
28; ecological context, 26, 27, 48; euphemisms used by
media, xxii–xxiii, 30, 34–35, 284–285; fear of fire exploited
by, 3, 33, 35, 223, 230, 276; geographical context, 26; historical context, 26; incendiary language, 30, 33, 84, 186,
275–276; issue salience factors, 28–29; lack of context,
26–27; newness factors, 29; political context, 26, 33–35;
positive metaphors to change attitudes, 253, 271, 284; postfire regeneration coverage, 26, 276; scientific ignorance of
journalists, 26, 27, 34, 276; source enterprise factors, 27–28;
urban background of journalists, 29; see also specific fires
Meeks Table, livestock grazing prohibited, 197, 198, 199
Mesa Verde National Park, juniper fires, 87, 162
military metaphors for firefighting, 22, 30, 222, 284; see also
fire-military-industrial complex
mining, California gold rush, 128
Missoula, wildland-urban interface wildfire, 206
mistletoe, on Douglas-fir, 177
Miwok people in Yosemite Valley, 14–15
mixed-severity fire regimes: Biscuit Fire, 81; Sierra Nevada, 45
Montana: acres burned by wildfires, 181; forest thinning studies,
214; home inspections in fire-prone areas, 210; wolves, xxvi;
see also specific sites in Montana
moose, killed by fires, 56
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Mott, William Penn, 34
mountain hemlock, Sierra Nevada, 65
Mount Baker-Snoqualmie National Forest, logging, 178
Mount Washburn, vi
Muir, John: bonds to Yosemite, 16; conservation strategies,
xxviii; quoted, 146, 166; Sierra Nevada and, 63
multipurpose use of land, xxix
mycorrhizae: blaze intensity and, xvii; in postfire ecology, 78,
188; as wildlife food, 193
myths and truth: big fires can be stopped, xv; big fires result of
too much fuel, xiii; fire destroys forests and wildlife, xvi, 121;
fire is bad and needs to be suppressed, xii; fire sterilizes land,
xvii; livestock grazing can prevent fires, xix; logging mimics
fire, xiv; Native American fire use, xviii; prescribed burning
as substitute for wildfires, xxi; salvage logging to restore
forests, xx
Nash, Roderick, 26, 35
National Environmental Policy Act (NEPA), 34, 230–231
National Fire Plan, xxiii, 92, 197, 224, 258
National Forest Management Act, 34, 185
national parks and forests: acreage of fire-prone lands, 206;
Forest Fires Emergency Act, 203, 217, 252; fuel-reduction
programs, 205–215; letting fires burn in, 48, 181–182, 235;
logging allowed in, 34–35, 205–207; logging prohibited in,
29; predator control, 26; recreational value, 205, 206; see
also public lands; specific national parks and forests; wilderness areas; WUI (wildland-urban interface) communities
National Park Service: acceptance of prescribed burning, 250,
251; blamed for Yellowstone Park fires, 33–34, 46, 48; natural regulation philosophy of, 26, 33–34, 48, 50, 91; wildland
fire use policies, 22, 48, 66, 91, 220, 253, 256
Native Americans: artifacts damaged by prescribed burns, 251;
attitudes toward nature, 253; hunting and gathering by, 15;
impact on biodiversity, 13; landscape as home for, 16; livestock grazing practices, 90; pinyon pine harvesting, 104
Native Americans and wildfire: eastern U.S., 95, 96; Great
Plains, 15; history of, 250, 253; Klamath-Siskiyou ecoregion,
77; Miwok, 14–15; myths and truth, xviii; Nez Perce, vii;
North American landscape changed by, 3, 13–16; northeast
U.S., 15; and rationale for humanized landscape, 16; sociocultural benefits of prescribed burning, 251; southwestern
U.S., 15, 90, 106, 108; Yosemite National Park, 14–15,
16, 66
native plants: ecological restoration projects and, 241, 243;
establishment following fires, 187–188; grasses, xix, 80, 136,
150, 150–151, 198; replaced by invasive plants, 198; type
conversions in California, 74
natural disasters, defined, 262
natural-range-of-variability concept, 240, 240
nature, man’s desire to control: ecological/biocentric perspectives, viii–ix, xxv, xxvii–xxix; historic desire to control fire, 3;
industrial/anthropocentric perspectives, xxii, xxiv, xxvii–xxix;
man as fire agent, 6–7; taming frontiers, 35, 223–224; wildness of fire, 3, 9–11, 271
NEPA (National Environmental Policy Act), 34, 230–231
nesting guilds, responses to fire, 114
Nevada: insurance for fire-prone areas, 210; see also specific
sites in Nevada
New Madrid fault, earthquake predictions for, 27–29
New Mexico: forest debris burned for electricity, 92; forest thinning studies, 214; home inspections in fire-prone areas, 210;
insurance for fire-prone areas, 210; livestock grazing, 90;
ponderosa pine forests, 45, 93; prehistoric fire regimes,
89–90; wildfire approaching gas well, xxi; see also southwestern U.S.; specific sites in New Mexico
newness factors in media coverage, 29
Nez Perce, attitudes toward wildfire, vii
Nez Perce National Forest, adaptations to wildfire, vii
nitrogen-fixing organisms: association with mycorrhizae, 193;
lichen as, 182; in postfire ecology, xx, 78, 81–82, 182, 188,
284
Norris Geyser Basin, lodgepole pine, 138, 138–139
Northwest Forest Plan, 35
Nowicki, Brian, 235, 265
nutrients: aerial deposition following fires, 160; for aquatic
ecosystems, 182, 183; mycorrhizae and, xvii, 78, 188, 193;
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recycled by fire, xii, xiv, xx, xxiii, 39, 79, 89, 121, 180–182,
186–187, 239, 250, 284; released by decomposition, xii, 95,
181, 191–192, 193; released by fire retardants, 189, 230;
removed by logging, 182; in smoke, absorbed by lichen, 252
Oakland/Berkeley Hills Fire, media coverage, 29
oak woodlands: adaptations to wildfire, 156; conifer encroachment, 164; fire regimes in oak-hickory forests, 95, 97; impact
of Miwok activities on, 15; Klamath-Siskiyou ecoregion, 77,
78; livestock grazing, 156; Mayer State Park, 156–157;
Sierra Nevada, 64; wildfire suppression, 156; as wildlife
habitat, 156, 164, 241
Ocala National Forest, southern pine ecosystems, 126, 126–127
Ochoco National Forest, livestock grazing, 123, 123
off-road vehicles, on logging roads, xiv, 84
old-growth trees. See large-diameter trees
Oregon: insurance for fire-prone areas, 220; see also Pacific
Northwest; specific sites in Oregon
Oregon Coast Range, 158–159; logging interests, 158; wildfires,
158
Otay Fire, 72
O’Toole, Randal, 203, 217
“overmature” trees, vii
Owl Canyon, 103
owls: great gray, 110; spotted, 35, 82–83, 116, 193; of western
forests, table, 116–117
Pacific Decadal Oscillations, 54
Pacific Northwest: drought, 181; salvage logging, 226; temperate rainforests, 78, 158, 158–159, 181, 193
Partners in Flight, 112, 113
periodicity of wildfires: ecosystem differences, 181; livestock
grazing and, 197–198
permafrost, impact of fire on, 144
Peshtigo Fire, 91
Pinchot, Gifford: attitude toward wildfire, 217; conservation
strategies, xxviii–xxix; logging in national forests, 218; wise
use policies, xxviii
pine: adaptations to wildfire, 45, 78, 79, 96–97, 126; eastern
white, 95, 97; Jeffrey, 78; lightning fires in southeast, 15;
loblolly, 218; longleaf, 96, 218; old-growth, of Lake Tahoe,
128, 128–129; pitch pine-Virginia pine forests, 95, 96; prescribed burning, 218; red pine-Jack pine forests, 95, 96;
Sierra Nevada, 64, 65; southern pine, 95, 96
pine, lodgepole: adaptations to wildfire, 29, 34, 46, 48, 50, 52,
54, 58, 138, 146, 152; fir understory, 50–51, 52, 54; genetic
variability, 146; insect pests, 138; regeneration following
fires, 188; Rocky Mountain National Park, 168;
Sierra Nevada, 58, 65; Yellowstone National Park, 26, 29,
34, 45, 46, 48, 50, 50–51, 52, 54, 58, 138–139, 146, 152;
Yosemite National Park, 14, 146
pine, pinyon: expansion of range, 103, 103–104; overharvested
by Anasazi, 104; southwestern U.S., 89, 102, 103, 103
pine, ponderosa: adaptations to wildfire, 134; Black Hills, 164;
crown fires, xv; fire regimes, 48, 134, 168; Grand Canyon
National Park, 170, 170–171; Lava Beds National Monument, 150; livestock grazing, 170, 197; open stands, 172,
172–173; prescribed burning, 67; Rocky Mountain National
Park, 168, 168–169; seed production, 238; Sierra Nevada,
64; wildfire suppression, 88, 89, 134, 164, 172
pine, ponderosa, in southwest: biodiversity, 241, 244; climate
and wildfires, 168, 177; crown fires, 106, 245–246; fire
regimes, 45, 69–71, 87–92, 102, 239–240, 244–245; logging, 238, 239, 245–246; low-intensity fires, 45, 69, 91;
nitrogen levels following fire, 182; open stands, 93, 238;
predator control, 238; prescribed burning, 91; road construction, 238; stand density, 87, 90, 91, 102, 107, 237; urban
encroachment, 239; as wildfire-adapted, 9–10, 89–90, 237;
wildfire suppression, 70, 73–74, 92, 102, 122, 122, 170,
170–171, 238; see also restoration of southwestern ponderosa pine ecosystems
pine, red: adaptations to wildfire, 95; of Great Lakes states, 45,
94
Piru Fire, acreage burned by, 262
plant pathogens: disease-resistant seedlings for tree plantations,
185; introduced by logging, xiv, xx, 80, 177, 180; introduced
by salvage logging, xx; killed by smoke and fire, xiv, 77, 180,

182, 252; unhealthy control policies, 177; water-stressed
trees and, 198
poaching. See hunting, trapping, and poaching
politicians: educating on fire ecology, 84; opportunism of,
33–35; scientific ignorance of, 33, 34
politics: controlling development at WUI, 259; euphemisms used
to support policies, xxii–xxiii, 30, 34–35, 284, 285; of G.W.
Bush administration, 284, 285; influences on fire policy, 3,
33–35, 39–40, 48, 92, 211, 217–221, 230–231, 273–277;
support for timber harvest on public lands, 205–208; see
also media coverage of wildfire
postfire-management strategies: of aquatic ecosystems, 189;
encouraging natural forest succession, 187–189; recommended objectives, 186; soil-erosion protection, 189; of
wildlife habitat, 189; see also restoration of southwestern
ponderosa pine ecosystems; tree plantations; Yellowstone
National Park fires, regeneration following
Power, Thomas M., 203, 205
precipitation. See rain; snow
precocious cone germination, 138
predator control: in national parks, 26, 50; to protect livestock,
xix, 91; in southwestern ponderosa pine forests, 238
predators: food sources enhanced by fire, 183; impact of snag
removal on, 189; see also specific predators
prescribed burning, 246, 247, 248, 249; air quality concerns,
38, 67, 72, 239, 251–252; appropriate uses of, ix, xxii, xxiii,
83, 235, 249–253; as biologically based control strategy, 6; to
control chaparral fires, 72, 73; conversion burns, 250; costs,
180–181, 235, 251; defined, xxi; ecological benefits, 250,
252–253; educating public about, 251–253, 275–276; entry
burns, 250; failure to contain, 91–92, 124, 239, 251, 252,
262, 275; Forest Service resistance to, 218–219, 250; Gary
Snyder poem about, 39; impact on large blazes, 181; logging
industry disdain for, 252; to maintain rangeland, xviii, 250;
maintenance burns, 250; natural ignition as, 22; in pine
woodlands, 126; by prehistoric peoples, 249; resource benefits, 250–251; risks associated with, 38, 40, 251–252; in
Sierra Nevada, 65, 66, 67; in southeastern U.S., 218–219,
250; in southwestern pine forests, 91, 235, 239, 245; as substitute for wildfire myth, xxi; in western U.S., 250; at WUI,
38, 72, 251–252, 267; in Yellowstone National Park, 48; in
Yosemite Valley, 16; see also low-intensity fires
prescribed natural burn policy. See wildland fire use
Priest Lake, 272
pristine landscapes: defined, 13–14; myths and truth, 13–16;
“natural forest” concept, 205–206
private property rights vs. right to build in fire-prone areas, 258,
263
public lands: acreage of fire-prone lands, 206, 211; ecological
restoration projects, 239; federal closure following wildfires,
230–231; fire-management plans for, 83, 177; fuel-reduction
programs, 203, 205–215; land exchanges, 259; livestock
grazing on, 92, 198, 205, 206; salvage logging, 284; timber
harvest on, 205–207, 218, 225–226, 230–231, 271, 277;
wildfire suppression, 203, 206, 217–221; see also national
parks and forests
pulaskis, 38
Pyne, Stephen J., 3, 5, 92
pyrophilia/pyrophobia, defined, 253
Racicot, Mark, 210
railroads, logging and, 90–91
rain: eastern U.S., 95; El Niño/La Niña effects, 54, 73, 92, 99,
107; Sierra Nevada, 64; soil erosion and, 73; tree growth rate
and, 192; see also drought
rainforests, temperate: ecosystems, 193; Klamath-Siskiyou
ecoregion, 78; logging, 158, 158–159; wildfires, 181
Reagan, President Ronald, CBRS signed by, 277
reburns: Oregon Coast Range, 158; protocols to prevent, 22
Red Bench Fire, regrowth following, 160, 160–161, 270
Reddy Squirrel, 276
redwood forests, influence of fire on, 45, 250
regeneration following fires, xxviii–xxix; Alaskan tundra, 144;
aspen, 42–43; distinguished from tree plantations, 187;
in fire mosaics, 78, 82–84; impact of salvage logging on,
187–188; inhibited by soil compaction, 180; maintaining forest bird populations, 111–117; media coverage of, 26, 276;
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naturally reforesting areas, 39; in oak woodlands, 156; prescribed burning as tool, 250–251; snags’ role in process, 39,
58, 79, 82, 83, 84, 85, 112–115, 182–183, 186–187; see
also postfire-management strategies; restoration of southwestern ponderosa pine ecosystems; specific fires; tree
plantations
Regula, Congressman Ralph, 33
regulatory streamlining, as euphemism, 285
repeat photography, to study fire history, 104–105, 105
respiration, fire as, 6
restoration of southwestern ponderosa pine ecosystems,
237–246; biodiversity considerations, 241, 244; crown fires,
238, 239, 242, 245–246; debate over approaches, 239,
244, 246; economics of, 244; fire regimes, 235, 239–240,
244–245; fire risk reduction, 235, 244; goals, 239–240,
245–246; habitat biodiversity, 239–240, 241; heterogeneous
spatial patterns, 235, 239–240, 241, 243, 244–246; hydrologic changes, 238; invasive species control, 238; livestock
grazing, 238, 243, 244; logging role, 238, 239, 245–246;
low-intensity fires, 237; natural-range-of-variability concept,
240, 240–241; prescribed burning, 235, 239, 241, 245; presettlement structure regulation, 245; principles, 241–244;
scientific uncertainty, 241; silvaculture approaches, 239;
species composition, 238, 241, 244; stand density, 238,
239–240, 244–246; thinning, xiii, 235, 237, 245–246;
variables to consider, table, 244; wildfire suppression,
242; wildlife habitat, 238, 241; see also pine, ponderosa,
in southwest
restoring damaged forests, as euphemism, 284–285
Rey, Mark, 35
Ribe, Tom, 45, 87
Rich, Terrell D., 45, 111
riparian forests: protected by ecological restoration, 243; salvage
logging in, 189; Sierra Nevada, 64; southwestern U.S., 89
roadless areas: backburning in, 226, 227; fuel reduction in,
207–208, 214–215; letting fires burn in, 235, 237, 256,
274–275; to prevent habitat fragmentation, 180; protection
from loggers, 82, 83; salvage logging in, 189, 194; in
Siskiyou Wild Rivers area, 80; in wilderness areas, 132;
wildfire suppression, 252
roads. See logging roads
rocks and boulders, broken by fire, 182
Rocky Mountain National Park: logging, 168; ponderosa
pine forests, 168, 168–169; spruce-fir forests, 123; standreplacement fires, 123
Rocky Mountains, development in, 258
Rodeo-Chediski Fire, 87, 262
Roosevelt, President Theodore, conservation strategies, xxviii
rotational age of trees, 182
sagebrush: avoided by cattle, xix; as susceptible to fire, 136
salience factors in media coverage, 28–29
salmon: Port Orford cedar and, 80; in roadless areas, 80, 83
Salmon River: ponderosa pine forests, 134, 134–135; smokejumper narrative, 19–22
salvage logging, 184, 185–186; arson fires and, 194; clearcutting, 191, 194, 195; defined, xx, 185; ecological impacts of,
185–189, 193–195, 226; economic considerations, 186, 189,
191, 192, 194–195, 203, 277; as euphemism, 284; forest
pests introduced by, xx, 35, 188; as fuel-reduction tool, 187;
guidelines for, 82, 83; impact on wildlife, 189, 193, 194,
195; increased fire danger and, 181; interlinked with firefighting, 225–227, 230–231; large trees removed by, vii,
xxiii, 34–35, 39, 79, 187, 225–226, 285; locations inaccessible to, 185; logging industry support for, 186, 191–192,
194–195, 277; logging roads for, 188, 189, 194; myths
about, viii, xx, xxiii, 39, 185–186, 189, 284; National Forest
Management Act, 34, 185; political pressure for, 33–35,
39–40, 185; on public lands, 284; Salvage Rider, 78, 185,
225; salvage sales vs. timber sales, 185; and sedimentation
into streams and rivers, 186, 189, 194, 195; slash left by, 79,
187, 189; and soil erosion, 80, 81, 186, 187; see also Healthy
Forests Initiative; snags; specific fires and forest areas
Salvage Rider (Emergency Supplemental Appropriations and
Rescissions Act), 78, 185, 225
San Bernardino Mountains, WUI development, 262
Sand County Almanac (A. Leopold), 22

San Diego County fires, table of recent, 72
San Francisco, media coverage of earthquakes, 29
San Juan National Forest, 92
San Rafael Wilderness, 68, 142–143; wildfire suppression, 142
Santa Ana winds: contribution to wildfires, 71–74, 142; map of
fuel ages burned by, 70
Santa Fe National Forest, 124; see also Los Alamos (Cerro
Grande) Fire
Santa Monica National Recreation Area, 71, 73
Sawtooth National Forest, livestock grazing, xix
Scapegoat Wilderness, Canyon Creek Fire, 28
Schulke, Todd, 235, 265
scrublands. See chaparral shrublands
sedimentation into waterways: aquatic insects and fish killed by,
182, 189, 195; following Yellowstone fires, 56, 58; logging
practices and, xx, 82, 84, 91, 182, 186; rotational prescribed
burning and, 73; salvage logging and, 186, 189, 194, 195;
see also soil erosion
seed production/germination: adaptations to wildfire, xvi, xvii,
89, 130, 182; of chaparral plants, 78; exposed soils required
for germination, 179, 198; inhibited by logging, 182; logged
vs. post-wildfire soils, 180; ponderosa pine dispersal, 238;
potential sources of propagules, 187; prescribed burning to
enhance, 250; recolonization and, 79; serotinous cones, 58,
78, 96, 138, 144, 146
selective logging, similarity to wildfires, 179, 183
self-pruning plant species, 94, 95, 96, 142
Selkirk Mountains, 272
sequoia, giant, 62, 252
Sequoia National Park: history of fire in, 65; wildfire suppression, 66
serotinous cones: of pines, 58, 78, 96, 138, 146; semiserotinous,
of black spruce, 144
Sessions report, 82
Shasta-Trinity National Forest, salvage logging, 184
sheep. See livestock grazing
shrublands. See chaparral shrublands
shrubs, establishment following fires, 187–188
Siamese Lake, 140–141
Siddoway Fire, firefighting costs, 256
Sierra National forest, lightning fires, 15
Sierra Nevada: alpine meadow and shrubland ecological zone,
65, 67; biodiversity of forest communities, 146; chaparral
shrublands, 64, 67; climate patterns, 63–64; crown fires,
65, 66; eastside forest and woodland ecological zone, 65; fire
ecology, 63–67, 146, 181; foothill shrub ecological zone, 64,
67; fuel management, 66, 67; livestock grazing, 66; lodgepole
pine forests, 58; lower montane forest ecological zone, 64, 67;
mixed-severity fire regimes, 45; Native Americans and wildfire, 66; physical geography, 63; population growth and
development, 67; prescribed burning, 65, 66, 67; subalpine
forest ecological zone, 65, 67, 146–147; upper montane forest ecological zone, 64–65, 67; wildfire suppression, 37–40,
45, 63, 65, 66, 67; see also Yosemite National Park
silvaculture. See tree plantations
Silver Fire, 82
sink populations, defined, 112
Siskiyou National Forest, crown fire, xxvi
Siskiyou Wild Rivers area, 81; biodiversity, 80, 81–82; logging,
80; natural postfire recovery, 83; salvage logging, 82–83;
tree plantations, 82; see also Biscuit Fire; Klamath-Siskiyou
ecoregion
Siuslaw National Forest, prescribed burning, 275
slopes: firefighting damage on, 224–225; fuel reduction on, 215;
salvage logging on, 82, 189
slumping, of burned tundra, 144
Small Business Administration, disaster relief funds from, 261
Smith, Conrad, 3, 25, 33, 48
smokejumpers, 18, 19, 221; concerns about fire suppression
role, 3, 19–22; dangers faced by, 21, 25; motivating factors,
20–22
Smokey Bear public education campaign, 26, 28, 78, 91, 223,
253, 271, 273–277
Smokey the Bear Sutra, 278–279
snags, 120; as biological legacies, 186–187, 189; as check dams,
182; destroyed by restoration treatments, 241; ecosystem
role, xii, xiv, xx, xxiii, 39, 58, 79, 82, 84, 177, 182–183,

193–194; postfire recovery role, 39, 58, 79, 82–83, 84,
112–115, 182–183, 186–187; prescribed burning to create,
251; removed by firefighters, 225–226, 227; removed by loggers, xiv, xx, 34, 39, 82, 180, 182, 188; soil erosion reduced
by, xiv, 58, 79, 182; as “wasted” resource, xxiii, 34, 186,
191, 193, 195, 203, 284; as wildlife habitat, 186–187, 189,
194, 195, 225, 241, 251; see also salvage logging
snow, fire suppression role, xv, 50–51, 134, 181
snowmelt, effects of fire on, 56, 58
Snyder, Gary, 3, 37
soil compaction: by livestock grazing, xix, 156, 197–198; by
logging, xiv, xx, 180, 194
soil damage: postfire logging on damaged soils, 82; salvage logging and, 186; sterilization by wildfires, xvii, 189
soil erosion: by firefighting, 224, 227; following chaparral fires,
73; forest regeneration and, 34; by livestock grazing, xix,
156, 197–198; by logging, xiv, 180; loss of vegetation and,
58; prevented by natural succession, 188; by salvage logging,
xx, 80, 81, 186, 187; snags to reduce, xiv, 58, 79, 182, 194,
195; in southwestern U.S., 90, 91
soil fertility: decomposition and, xii, 95, 181, 191–192, 193;
tree growth rate and, 192; see also nutrients
soil microbes: blaze intensity and, xvii; ecological restoration
projects and, 241; mycorrhizae, xvii, 78, 188, 193; nitrogenfixing bacteria, xx, 78, 81–82, 182, 188, 193, 284
soil rent, defined, 192
source enterprise factors in media coverage, 27–28
source populations, defined, 112
South Dakota. See specific sites in South Dakota
southeastern U.S.: prescribed burning, 218–219, 250; wildfire
suppression, 211
southwestern U.S.: applied historical ecology study, 99, 102,
102–107; climate patterns, 89, 102–103, 106; drought, 90,
91–92, 177; fire regimes, contemporary, 90–91; fire regimes,
prehistoric, 87; fuel management, 91; grasslands, 89–91,
104–105, 105; history of wildfires, 87, 89–90, 99, 102,
102–104, 105–107; livestock grazing, 90, 91–92, 102, 106,
197–198; logging, 90–91; Native Americans and wildfire, 15,
90, 106, 108; soil erosion, 90, 91; superfires, 91–92; wildfire
suppression, 90–92, 102, 106; see also pine, ponderosa, in
southwest; restoration of southwestern ponderosa pine ecosystems; specific states; western U.S.; WUI (wildland-urban
interface) communities
spatial patterns of landscape: clearcutting and, 192; of southwestern ponderosa pine forests, 238, 239–240, 241, 243, 244–246
Split Mountain, juniper woodlands, 162, 162–163
spruce: adaptations to wildfire, 9–10; black, in tundra communities, 144; of boreal forests, 130; spruce-fir forests, 95, 123;
wildfire intensity, 123, 123
squirrel, flying, 193
stand-replacement (crown) fires: chaparral shrublands, 69–70,
71, 73; coarse woody debris and, 58; defined, 9; ecosystems
characterized by, xiii, xxii, 181–182; in fire mosaics, 77–78;
Jack pine forests, 96; livestock grazing and, 197–198; lodgepole pine forests, 45, 46, 48, 50, 52, 54, 138; media coverage
of, 276; ponderosa pine forests, xv, 106, 168, 238, 239, 242,
245–246; similarity to clearcuts, 179; southwestern U.S.,
prehistoric, 89–90; spruce-fir forests, 123; timing of, 180; in
tree plantations, 187; white pine forests, 97; at WUI, 213;
see also specific fires and sites
Stanionis, Crystal, 235, 255
Stanislaus National Forest, lightning fires, 15
Star Gulch Fire, xv
State Farm Insurance, premiums for fire-prone areas, 210
state of emergency, public land closure following wildfires,
230–231
stewardship contracts, as euphemism, xxiii
Storm King Mountain Fire, media coverage of, 25, 26
Strittholt, James R., 177, 185
structural makeup of forests: clearcutting and, 180; ecological
restoration and, 242; logging and, 183; salvage logging and,
189; wildfires and, 179, 207–208
suckering/sprouting following fires: aspen, 58, 60, 122, 154;
oak-hickory forests, 97; oak woodlands, 156
suppression firing operations, 226–227, 230–231
sustainability of forest ecosystems economic vs. environmental
models, xxvii–xxix
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sustained flame lengths, 266
Swan Lake Flat, 58–59
Swetnam, Thomas W., 45, 99
Tahoe National Forest/Lake Tahoe: development in, 67; fire
regimes, 65; old-growth pine forests, 128, 128–129; salvage
logging, 39
Taylor, Duncan, xxvii
technological advances: expansionist reliance on, xxvii; in farming and forestry, 37; see also firefighting techniques and tools;
fire-military-industrial complex
thinning: costs, xxii, 92; as fuel-reduction tool, xiii; by natural
processes, 177; political pressure for, 33–35; to protect
homes and communities, viii–ix, xxii, xxiii, 40, 172,
209–210, 266–267; questionable value of, viii–ix, 34, 67,
170, 172, 209–210; in southwestern pine forests, 91–92,
235, 237, 245–246; strategies for, 83; through logging, xxii,
34–35, 79, 170; by wildfires vs. logging, xiv, 177; see also
fuel reduction; prescribed burning
Thoreau, H.D., quoted, 277
Tillamook State Forest: logging interests, 158; proposed protection of, 158; wildfires, 158–159
Tiller Fire, 34–35
timber, charred. See snags
timber harvest. See logging, commercial
timber harvest plans, conservatives’ dislike of, 38
timber rotation periods, 182
timber sales: marking of trees, vii; similarity to salvage sales,
185; in southwestern U.S., 92; “stewardship contracts” as,
xxiii; see also logging, commercial; salvage logging
tornadoes, disaster relief funds, 262
trapping. See hunting, trapping, and poaching
tree boles: as fish habitat, 158; removed by loggers, 180, 182
tree plantations: disease-resistant seedlings, 185; distinguished
from postfire succession, 187; ecological concerns, xx, xxix,
180, 284; herbicide use, 182, 186, 188; Knutson-Vandenberg
reforestation fund, 219; lack of diversity, 82, 182, 186, 187,
188; logging industry justification for, 192; nonnative tree
species planted in, 186; prescribed burning in, 251; Siskiyou
Wild Rivers area, 82; southwestern ponderosa pine forests,
239; wildfires in, 35, 79, 82, 83, 181, 187, 213
trout, endangered species, 160
tundra fires, 144
type conversions from native shrubs to alien herbs, 74
Upper Geyser Basin, as bison habitat, 166, 166–167
urban areas, urban sprawl. See WUI (wildland-urban interface)
communities
urban rube factor in media coverage, 29
U.S. Forest Service: 10 a.m. policy, 78, 140, 218, 219; ClarkeMcNary fire protection districts, 218–219; distrust of,
38; Forest Fires Emergency Act, 203, 217, 252; fuelmanagement policies, 211, 214; history, 206–207;
Knutson-Vandenberg reforestation fund, 219; let-burn
policies, 219–220; management for multiple uses, 206–207;
postfire recovery in Siskiyou Wild Rivers area, 82; prescribed
burning, acceptance of, 126, 217, 218, 219, 250; prescribed
burning, resistance to, 218–219, 250; pressured to increase
timber harvest, 206–208; reforesting efforts by, 39–40;
wildfire-suppression policies, 78, 91, 92, 140, 217–221,
223–231, 258
Utah: acreage of aspen groves, 148; home inspections in fireprone areas, 210; insurance for fire-prone areas, 210; prehistoric fire regimes, 89–90; see also southwestern U.S.; specific
sites in Utah
Vale, Thomas R., 3, 13
van Wagtendonk, Jan W., 45, 63
Virginia Lake Complex Fire, 221
Wallop, Malcolm, 34
Wallowa-Whitman National Forest, lodgepole pine, 188
Warner Creek Fire, 176, 227
Washington: home inspections in fire-prone areas, 210; see also
Pacific Northwest; specific sites in Washington
water infiltration: beaver-facilitated, 90, 91; reduced by logging,
180; in soils burned by wildfire, xvii, 189
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water quality: degraded by firefighting, 224, 225; see also sedimentation into waterways
Wawona, Miwok communities, 15
Weaver, Harold, 250
weeds. See invasive plant species
western U.S.: biological decomposition rates, xii, 95, 181; climate patterns, 181; Congressional power of, 34; drought, 96,
198; juniper encroachment into, 162; litter accumulation in
forests, 70, 181; livestock grazing and fire regimes, 197–198;
Native Americans’ impact on landscape, 14–16; periodicity of
wildfires, 181, 197–198; prescribed burning, 250; tree densities, 79; wildfires as necessary, 177, 179, 181, 198; wildfire
suppression, 11, 181; see also southwestern U.S.; specific
western states and sites; WUI (wildland-urban interface)
communities
Wheeler Peak, 154–155
White Mountains, wildfires, 87
wilderness areas: Alaska symbolic of, 28, 29; backburning
in, 226; biodiversity of, xxviii; fire ecology understanding
enhanced in, 7; Frank Church-River of No Return Wilderness, 132, 132–133, 134, 134–135; fuel reduction in,
214–215; intact ecosystems of, xxviii, 132; letting fires
burn in, 181–182, 219, 235, 237, 256, 274–275; livestock
grazing prohibited in, 132; logging prohibited in, 132; man’s
love/hate relationship with, 10–11; as recreation vs. home,
16; salvage logging, 185; San Rafael Wilderness, 142,
142–143; smokejumpers’ attraction to, 20–22; spiritual
dimension, xxii, 10–11; wildfire suppression, 252, 256;
see also roadless areas; WUI (wildland-urban interface)
communities
wildfire-adapted ecosystems: Alaskan tundra, 144; aspen
groves, 122, 148, 154; of California, 142; chaparral shrublands, 68, 69, 73–74; characteristics of, xii, xvi, xx, xxviii,
45; evolution of stress-resistant species, 193; grasslands, 150;
juniper woodlands, 162; lodgepole pine forests, 29, 46, 138,
146, 152; necessity of fire to wildness, 3, 9–11, 271; oak
woodlands, 156; ponderosa pine forests, 121, 134, 168;
prescribed burning to preserve, 83, 250–251; replaced by
flammable exotics, 74, 80; of Sierra Nevada, 63, 146; of
southwestern U.S., 87, 89–90; stand-replacement fire role,
xiii, xxii, 181–182; of western U.S., xii, 177; of Yellowstone
Park, 34
wildfire intensity: backburns and, 227; fuel management and,
xiii, xvii, 70, 181, 187, 192–193; in high-elevation forests,
123, 123; logging practices and, 179, 180; in ponderosa pine
forests, xiii, 237; of rangeland fires, 136, 206; salvage logging
and, 187; soil sterilization and, xvii; in southwestern U.S.,
91–92; stand density and, 87, 90, 91, 197–198; in tree plantations, 181, 187; weather component, xiii, xix, xxii, 48–49,
54, 56, 124, 134, 197; in western U.S., 181; of Yellowstone
Park fires, 34, 54, 56
wildfire-management strategies: applied historical ecology, 45,
99–109; biologically based strategies, 6–7; for chaparral
wildfires, 69–74; decision pyramid, xxii, xxiii; ecological
component, xxii–xxiii, 5, 66, 111–112; euphemisms for,
xxii–xxiii, 284–285; fire-military-industrial strategies, xxii,
203, 223–231, 273–277; fire return interval departure analysis, 66–67; Forest Fires Emergency Act, 203, 217, 252; to
maintain forest bird populations, 111–117; National Fire
Plan, xxiii, 92, 197, 224, 258; on-ground component, xxii;
philosophical aspects, xxvii; political component, xxii–xxiii,
3, 33–35, 39–40, 48; to protect homes and communities, ix,
11; for public lands, 83, 177; smokejumper attitudes about,
21; for southwestern ponderosa pine forests, 69–71, 91–92;
for southwestern U.S., 91–92; spiritual component, xxii–xxiii;
state/local control, 220–221; transportation planning, 79,
84; wildland fire use policies, 22, 66, 91, 220; for WUI, ix,
xxii, xxiii, 11, 67, 83–84, 122, 122, 128, 208–211, 255–259,
263, 265–267, 276–277; for Yellowstone National Park, 7,
48; for Yosemite National Park, 66–67; see also firefighting
techniques and tools; fuel reduction; Healthy Forests Initiative; postfire-management strategies; prescribed burning;
salvage logging; wildfire suppression; WUI (wildland-urban
interface) communities

wildfires: as coyotes, 22; ecological/biocentric perspectives,
xxv, xxvii–xxix, 3, 250–251; federal agencies benefited by,
230–231; incendiary language to describe, 30, 33, 84, 186,
275–276; increased incidence of, 206; industrial/anthropocentric perspectives, xxiv, xxvii–xxix, 3, 33–35, 250–251;
vs. logging, ecological differences, 179–183; logging mimics
fire myth, xiv; periodicity of, 181, 197–198; prescribed burning as substitute for myth, xxi; randomness of, 180; see also
fire; Native Americans and wildfire; specific sites and fires
wildfires as destructive: as dominant perspective, xxvii, 3, 11,
78, 84, 91, 121, 186; euphemisms, 284–285; fire sterilizes
land myth, xvii; large blazes as unnatural, 181; media coverage bias, 25–29, 40, 48, 84, 186, 230, 271, 273–277; as
myth, xii, xv, xvi, xix, 177, 185–186, 191, 214; political
framing of, 33–35, 39–40; use of incendiary language, 29,
30, 33, 84, 186, 275–276; see also Smokey Bear public
education campaign
wildfires as natural and rejuvenating, vii–ix, xiv, xv, xxii–xxiii,
39, 121, 179, 284; Biscuit Fire, 82; bison forage enhancement, 166; in chaparral shrublands, 74; ecosystem functions
performed by fire, 182–183; educating public about, 84,
92, 211, 251–253, 259, 271, 273–277; evolution of stressresistant species, 193; expansionist vs. ecological perspectives, xxvii–xxix; necessity of fire to wildness, 3, 9–11, 271;
in ponderosa pine forests, 172; positive metaphors to discuss
wildfire, 253, 284; smokejumpers’ perspective, 19–22; in
southwestern U.S., 87, 89–90; in western U.S., 177, 179,
181; Yellowstone National Park fires, 48, 50; see also prescribed burning; regeneration following fires; wildfireadapted ecosystems; wildland fire use
wildfire suppression: 10 a.m. policy of Forest Service, 78, 140,
218, 219; anthropocentric policies, xxix, 250–251; based
on fear of wildness, 11; economic considerations, 22, 67, 70,
168, 203, 217–221; firefighters’ distrust of, viii, 19–22, 38;
fire regimes distorted by, 181, 192–193, 252, 271; impact
on bison population, 166; lacking in designated wilderness
areas, 132; livestock grazing as tool, xxii–xxiii, 177, 197–198;
logging as tool, xxii–xxiii, 207; myths about, xii, xv, 179; vs.
natural fire policy, 26, 34; on public lands, 177, 206; smokejumpers’ role, 19, 19–22; in southwestern ponderosa pine
forests, 238; spatial diversity and, 192, 238; in western
U.S., 11, 181; at WUI, ix, xxii, 11, 67, 70, 122, 122, 128,
208–211, 215, 235, 255–259; see also firefighting techniques
and tools; fuel reduction; specific areas and sites
wildland fire guiders, 22, 231
wildland fire use (WFU): benefits, 253; National Park Service
and, 22, 66, 91; risks associated with, 220, 256; Yellowstone
National Park and, 26, 48, 54
wildland-urban interface communities. See WUI communities
wildlife: adaptations to wildfire, xii, xvi, 67, 126, 130; aspen as
habitat for, 148; destroyed by fire myth, xvi; forage for, 150;
habitat fragmentation, 180, 181, 193, 194, 195, 224–225,
241; habitat reduced by fire suppression, 67, 164; impact
of Yellowstone Park fires on, 34, 56; killed by Exxon Valdez
oil spill, 29; killed by firefighters, 225, 226; livestock grazing
and, xix, 91, 198; in managed forests, 180; native plants as
habitat for, 188; oak woodlands as habitat for, 156, 164;
of ponderosa pine forests, 238, 241; prescribed burning
and, xxi, 251; protected by Northwest Forest Plan, 35; protected in National Parks, 46, 60; salvage logging and, 189,
193, 194, 195; snags as habitat for, xiv, xx, xxiii, 39, 183,
186–187, 189, 194, 195, 225, 241, 251; in temperate
rainforests, 193; see also birds; hunting, trapping, and
poaching; specific animals
Willamette National Forest, xiv, 176
Wilson River, 158–159
wind: Biscuit Fire and, 80; blaze intensity and, xiii, xix, xxii,
48–49, 124, 140, 181, 187, 197; Diablo winds, 71; fire
carried long distances by, 210; Santa Ana winds, 45, 70,
71–74, 142; Sierra Nevada fires and, 64; Yellowstone Park
fires and, 46, 54, 56, 60, 60–61
Winema National Forest, salvage logging, 188
wise use conservation strategies: of Gifford Pinchot, xxviii–xxix;
negative consequences of, xxviii–xxix
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Wolf Creek, livestock grazing, 123, 123
wolves, xxvi; population management, viii–ix, 91; reintroduced
to Yellowstone Park, 60
woodpeckers: black-backed, 113, 116, 183; impact of logging
on, 189; of western forests, table, 116–117
woody debris: removed by wildfires, xiii, xiv; slash left by logging, 70, 79, 180, 182, 187, 189, 213, 251
Wrangell-St. Elias National Park and Preserve, boreal forests,
130, 130–131
wren, house, 113
WUI (wildland-urban interface) communities, 122, 214–215,
235, 256, 257; California chaparral wildfires and, 45, 69–74,
75, 258; community conservation plans, 259; community
protection zones, 235; Denver suburbs fire, 254; disaster
relief funds for losses due to wildfire, 235, 261–263; firefighting costs, 208–211, 235, 255, 256, 258, 261–263,
276–277; fire-safing homes, 11, 209–211, 213, 215, 235,
258–259, 265–267, 275–277; fuel reduction strategies, 45,
67, 83–84, 208–213, 215, 235, 265–267; Glenwood Springs
Fire, 26; Greater Yellowstone Area, 235, 255–259; Hayman
Fire, 208; home ignition zones, 235, 258, 259, 265–267;
increased development, 206, 255–256; insurance premiums
for fire-prone areas, 84, 210–211, 215, 258, 259, 263, 277;
Klamath-Siskiyou ecoregion, 79; land-protection tools, 259;
limiting development, 84, 210–211, 215, 257, 258–259,
262–263, 271, 276–277; media coverage of wildfires in, 25,
26, 29, 208, 276; prescribed burning, 38, 72, 251–252, 267;
responsibilities of property owners, 11, 38, 40, 209–211,
213, 215, 235, 258–259, 262, 265–267, 276–277; subsidized wildfire protection costs, 235, 256, 258, 261–263;
thoughts on living in, 37–40; wildfire suppression costs,
67, 70, 122, 208–211, 215, 276–277; wildfire suppression
policies, ix, xxii, xxiii, 11, 67, 122, 122, 128, 208–211,
255–259, 276–277; see also Los Alamos (Cerro Grande)
Fire
Wyoming: insurance for fire-prone areas, 210; see also specific
sites in Wyoming
Yellowstone Center for Resources, 34
Yellowstone Lake, 60–61
Yellowstone National Park: area covered by, 46; geology, 52;
history, 46, 50; livestock grazing prohibited in, 46; lodgepole pine forests, 26, 29, 34, 45, 50–51, 52, 54, 58, 138,
138–139, 146, 152; Native Americans’ impact on landscape,
14–16; prescribed burning, 48; as shaped by wildfire, 34, 46,
48, 50, 52; wildfire suppression, 48, 50; wildland fire use
policies, 26, 48, 54; wildlife preservation role, 46, 60; wolves
reintroduced to, 60
Yellowstone National Park fires, xii; acres burned by, 46, 179,
181; Blacktail Deer Plateau, 48–49; drought role, 46, 54, 56,
60; fire ecology, 52, 54; firefighters called to fight, 46, 48; fire
mosaics, 60, 152, 152–153; history, 50, 52, 181; impact on
bison, 52–53, 166, 166–167; impact on fire-management
strategies, 7, 33–34, 214, 220; impact on watersheds, 56;
impact on wildlife, xvi, xxvi, 56; lightning role, 14–15,
54–55; media coverage of, 7, 25–29, 33–34, 46, 284;
quenched by snow, xv; wind role, 46, 54, 56, 60
Yellowstone National Park fires, regeneration following, 2, 44,
45, 46–47, 56–57, 58–59; aspens, 58, 60; biodiversity, 60;
five-year-retrospective stories, 26; heterogeneity, 60;
increased solar radiation and, 56, 58; plant community
succession, 152; seed germination, 187; studies documenting, 34; wildflower displays, 58
Yellowstone River, effects of Yellowstone Park fires on, 56, 58
Yosemite National Park: fire-management program, 66–67;
forest communities, 146, 146–147; history of fire in, 65–66;
Mariposa Grove, 62; valued by visitors, 16; wildfire suppression, 63, 66; see also Sierra Nevada
Yosemite Valley, 17; Native Americans’ impact on landscape,
14–15, 16, 66
Yuba River, South Fork, 41

