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C limate change is already affecting America’s forests.
The fires of 2000 shocked the Nation, the fires of

2006 burned an area greater than in any year since 1954,
and the 2007 fires in southern California forced the evac-
uation of more than a million residents. Some of the largest
individual fires ever recorded in the Western United States
and Alaska occurred in the first 5 years of the 21st century.
Scientists have linked growing fire season severity with
warming temperatures and earlier snowmelt (Westerling et
al. 2006). Higher temperatures and drought also are
blamed for unprecedented bark beetle outbreaks and tree
mortality across the West (Breshears et al. 2005, Logan and
Powell 2005). However, forest productivity is increasing in
some temperate areas because of warmer temperatures, a
longer growing season, and the “fertilizer effect” of increas-
ing atmospheric carbon dioxide (Nemani et al. 2003).

Such impacts signal two kinds of climate change: a
cycle of natural variability that produces periods of cooling
and warming, and progressive warming from an accelerat-
ing greenhouse effect (Bradley 1999, Intergovernmental
Panel on Climate Change [IPCC] 2007). Natural variabil-
ity is due to changes in the amount of heat received from
the sun over time and the way it is distributed around the
Earth, whereas progressive warming is a consequence of
rising emissions from burning fossil fuels and loss of pro-
ductive forestland. The impacts we are now seeing on for-
ests result from small but cumulative increases in temper-
ature and precipitation over the last 100 years, particularly
in areas of severe drought in recent years (National Assess-
ment Synthesis Team [NAST] 2001). Projections of future
climate change based on 21st century emissions estimates
range from a relatively mild “warmer and wetter” scenario
to a truly alarming “hot and dry” scenario.

What can we do about climate change? Forests are

part of the solution because they can sequester greenhouse
gases from the atmosphere, offsetting some of the emis-
sions from burning fossil fuels. What can we do to increase
carbon sequestration on the 749 million ac of public and
private forestland in the United States? Would it affect
other ecosystem services? Even with aggressive action by
the world’s governments to reduce greenhouse gases, at-
mospheric composition is already sufficiently altered to
affect climate for the next century and beyond. Future
forests will grow under a different climate than our gener-
ation—whether of people or of forests—is used to. Are
there specific management actions that will reduce the vul-
nerability of forests to climate change and enhance their
natural capacity to adapt? How can forest managers and
policymakers work to minimize the adverse impacts of cli-
mate variability and change? These questions are critical to
the future of America’s forests.

Rising Carbon Emissions
Carbon is the basis of life. It provides food, fiber, and

energy, and it contributes to the greenhouse gases—mainly
carbon dioxide and methane—that keep the planet habit-
able by trapping heat in the atmosphere. The world’s
oceans and forests play a role in regulating greenhouse
gases. Growing forests take up carbon dioxide from the
atmosphere and store it as live biomass and organic matter;
disturbed forests release stored carbon as carbon dioxide.

The amount of carbon in the atmosphere has varied
widely over geological time. Air samples trapped in deep
ice cores tell us that atmospheric carbon dioxide is now
higher than at any time in the past 400,000 years (Petit et
al. 1999). The main source today comes from burning
fossil fuels. In the 1990s, global carbon emissions from
fossil fuels were about 6.3 billion tn/year and from land-
use conversion about 2.2 billion tn/year (Houghton
2003). Total emissions were offset by an ocean uptake of
about 2.4 billion tn of carbon per year and by an “uniden-
tified sink” of about 2.9 billion tn/year—probably a terres-
trial uptake in the temperate and boreal forest zones of the
Northern Hemisphere. In the 1990s, the global carbon
budget yielded a net greenhouse gas gain in the atmosphere
of 3.2 billion tn of carbon per year.

Greenhouse gas buildups tend to warm the Earth’s
surface by trapping increasing amounts of heat in the at-
mosphere. Average temperatures in the Northern Hemi-
sphere have reached their highest level in 400 years and
probably in a 1,000 years—and they continue to climb
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(National Research Counsil [NRC] 2006).
Changes in weather are familiar, readily rec-
ognizable as variations in daily temperatures,
seasonal cycles, and annual differences that
sometimes include extremes of drought,
wet, heat, and cold (Millar and Brubaker
2006). This natural climate variability re-
sults from changes in the Earth’s orbit
around the sun, dynamics of solar activity,
and ocean–atmospheric interactions. How-
ever, with the rise of agriculture, people fur-
ther influenced climate by changing land
cover—by clearing forests, altering vegeta-
tion types, and burning ecosystems, thereby
adding to the carbon dioxide released
through natural emissions and changing the
surface albedo effect (Ruddiman 2005).

Such human influences have resulted in
large increases in the concentration of green-
house gases in the atmosphere. Recent stud-
ies at the global and North American spatial
scales used large-scale patterns of surface
temperature variation and climate models to
investigate changes in climate over the 20th
century. Researchers found that increases in
North American temperatures from 1950 to
1999 were not likely caused by natural cli-
mate variations alone (IPCC 2001, 2007).
Observed trends were consistent with cli-
mate simulations that include “anthropo-
genic forcing”—changes caused by artificial
emissions of greenhouse gases and sulfate
aerosols. Researchers thus detected a human
influence on North America’s climate (Cli-
mate Change Science Program 2004).

Researchers have begun to document
the environmental consequences of climate
changes since the preindustrial era, with an
emphasis on the last 50 years. Warmer tem-
peratures are bringing more rain and less
snow to higher elevations, reducing moun-
tain snowpacks in the Western United States
(Knowles et al. 2006). Snowmelt runoff is
peaking earlier each year (Stewart et al.
2005). Researchers have teased out biologi-
cal responses to climate change by focusing
on climate-sensitive behaviors of plants and
animals, such as breeding, emergence from
hibernation, seasonal migration, productiv-
ity, and changes in species ranges (Parmesan
and Yohe 2003). Using snowmelt timing
and the first blooming of lilac and honey-
suckle as proxies, researchers found that
spring is coming earlier to much of the
Western United States (Cayan et al. 2001).
Other examples include earlier egg laying by
Mexican jays; earlier emergence from hiber-
nation by marmots (by nearly 3 weeks);
northward migration of the sachem skipper

butterfly; and the rising dominance of
warmwater species in the intertidal commu-
nity at Monterey, California. Plants and an-
imals have the capacity to adapt to natural
climate changes, but they might not be able
to keep up anymore because rates of climate
change have increased and because land-use
changes have altered landscapes in ways that
might prevent adaptation.

As noted, researchers also have docu-
mented changes in disturbance regimes. For
example, about 4 million ac of forest in
south-central Alaska have had 10–20%
mortality from spruce beetle since 1968—
one of the largest outbreaks on record.
Moreover, a detailed analysis of fire records
has revealed a strong correlation between the
length and severity of recent fire seasons and
rising spring and summer temperatures cou-
pled with earlier snowmelts (Westerling et
al. 2006).

Future Impacts of Climate
Change

If such climate-related changes con-
tinue, what does the future hold? Forecast-
ing climate change is inherently uncertain,
but researchers provide a variety of possible
climate scenarios based on a range of reason-
able assumptions. The reliability of their
models depends on scale; sophisticated

global models have been available for some
time, whereas regional downscaling, bring-
ing the climate closer to the forest, range,
and water management scale, is just starting
to yield results. At a regional scale, different
parts of North America are expected to show
different trends for both temperature and
precipitation, just as in the past.

All climate models project continued
warming in the United States in response to
projected increases in greenhouse gases (Fig-
ure 1; NAST [2001]). The average temper-
ature in the United States is expected to rise,
depending on the model used, by 4–10°F
over the next 100 years, with the greatest
increases likely in Alaska and the continental
interior and in winter. Growing seasons will
continue to lengthen in both spring and fall.
Precipitation changes will vary, but rainfall
events probably will increase in intensity.
The hotter and drier conditions predicted
under some scenarios likely will continue to
intensify wildfire activity in many parts of
the United States; projected increases in area
burned annually range from 4 to 31%
(Bachelet et al. 2003). Hotter, drier condi-
tions also portend severe water deficits and
increases in forest mortality because of in-
sects and diseases in the Western United
States; large areas of forest in Canada and
Alaska are expected to be particularly sensi-

Figure 1. Past concentrations of atmospheric carbon dioxide are based on air samples from
ice cores and direct atmospheric measurements. Projections are based on different assump-
tions about the global economy and use of fossil fuels (from IPCC 2001).

Journal of Forestry • June 2008 215



tive to climate change as a result of projected
greater warming at higher latitudes (Hogg
and Bernier 2005).

Under these climate scenarios, how will
ecosystems respond? The answer is far from
clear. Changes in climate at multiple
scales—global, regional, and local—will af-
fect ecosystems. Projected changes in live
vegetation carbon under two climate scenar-
ios illustrate both the uncertainty of climate
projections and the regional differences in
expected response (Figure 2). One simula-
tion shows continued growth in eastern for-
ests through the end of the 21st century,
with forests declining in parts of the West
and the Great Lakes region. Another sug-
gests nearly the opposite, with significant
forest declines in the East and Midwest—
especially in the South, where forests in
some areas are projected to give way to sa-
vanna or even grassland.

Ecosystems might respond to environ-
mental changes in nonlinear fashion when
intrinsic thresholds are crossed or when ex-
treme events exceed their resiliency (CACC
et al. 2002). For example, severe drought in
the Southwest during the 1950s and 1990s
to 2000s led to stresses on piñon pine that
ultimately crossed tolerance thresholds, pro-
ducing widespread mortality (Breshears et
al. 2005). In some instances, a major decline
in one ecosystem component can result from
a significant increase in another. During the
most recent piñon pine die-off, e.g., water
stress weakened trees, increasing their vul-
nerability to bark beetles, which in turn
might have benefited from warmer temper-
atures and longer growing seasons (Bre-
shears et al. 2005). Larger bark beetle popu-
lations preying on weakened trees led to
further beetle increases. Much of the
drought-related piñon pine mortality was

due to bark beetles feeding on weakened
trees rather than to water stress alone.

Plants tend to thrive in a carbon-rich
atmosphere, leading some observers to pre-
dict the opening of vast new lands to agricul-
ture and forestry. However, soil develop-
ment at higher elevations and more
northerly latitudes often is poor, limiting
potential agricultural and forest productiv-
ity. Furthermore, although forest productiv-
ity might increase in the short term as a re-
sult of warming temperatures and higher
levels of carbon dioxide in the atmosphere,
factors that decrease forest productivity,
such as ground-level ozone, could prevail
over time, resulting in regional changes in
forest cover and the loss of some sensitive
species (Aber et al. 2001). Moreover, differ-
ent plants respond differently to increases in
atmospheric carbon; some produce more
flowers and fruit rather than larger stems.
Changes in vegetation could result in posi-
tive feedback loops because of changes in the
albedo effect. For example, as plants colo-
nize arctic landscapes formerly covered by
snow, ice, and barren soil, the Earth’s surface
will absorb more radiation, further warming
the climate (Chapin et al. 2002).

Invasive plants could benefit from cli-
mate change. Ziska (2003) explored the re-
sponse of six invasive weeds (Canada thistle,
yellow starthistle, leafy spurge, spotted
knapweed, field bindweed, and perennial
sowthistle) to concentrations of carbon di-
oxide from the beginning of the 20th cen-
tury to the end of the 21st century. Increases
in atmospheric carbon dioxide from the
early 20th century to the present stimulated
invasive plant biomass by an average of
110%, raising the possibility that increased
atmospheric carbon might be partly respon-
sible for the spread of invasive weeds in the

20th century. The trend is expected to con-
tinue; probably, future concentrations of
carbon dioxide in the atmosphere will stim-
ulate invasive plant biomass in the six species
studied by Ziska (2003) by an average of
46%, with the largest response for Canada
thistle.

Plant and animal species have migrated
in response to large climate changes in the
past. As the glaciers retreated and tempera-
tures warmed, species migrated to new loca-
tions, yielding today’s forest patterns. In rel-
atively flat regions, the migration was
primarily northward, whereas in the moun-
tainous areas of western North America and
central Europe, the migration tended to be
upslope—although it also could be down-
slope, depending on local climatic and eco-
logical conditions. For example, Utah juni-
per, bristlecone pine, and limber pine
migrated as much as 4,000 ft uphill, whereas
shadscale moved downhill by about
1,100 ft.

However, similarly broad shifts in veg-
etation are unlikely today for two related
reasons. First, skyrocketing carbon levels in
the atmosphere will have a tremendous
global greenhouse effect. If carbon dioxide
levels double in the 21st century (a distinct
possibility), they will reach the highest con-
centrations in the past 80–100 million
years. When Earth last saw such high levels
of atmospheric carbon—during the Creta-
ceous Period, when forests were dominated
by tree ferns and palmlike cycads—it was a
very different place.

Second, developed landscapes form
barriers to migration for both plants and an-
imals. Throughout their evolutionary histo-
ries, North American species have never en-
countered the gridlock created by today’s
human footprint on the landscape. Land-use
conversion, landscape fragmentation, urban
roads and development, public expectations
and demands, and traditional conservation
and land-management mindsets will all tend
to block species migration.

In fact, climate change likely will be too
rapid for today’s forests to maintain their
current structure, functions, and composi-
tion, given the landscape impediments that
people have created. Land managers will face
a high and growing risk of loss of local spe-
cies populations as well as widespread tree
mortality and increased threats from ecolog-
ical stressors such as wildfire, insects, dis-
eases, air pollution, and invasive species.
Ecosystems and the services they provide
will look very different. Climate variability

Figure 2. Change in live vegetation carbon over the 21st century for two climate scenarios,
based on the MC1 model (Bachelet et al. 2003).
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and change can profoundly influence social
and natural environments throughout the
world, with potentially large and far-reach-
ing effects on natural resources and industry
(IPCC 2001, 2007).

Helping Forests and Society
Adapt to Climate Change

Although countries around the world
are taking steps to reduce greenhouse gas
emissions, the changes already underway
will be difficult to stop anytime soon. Even if
net global carbon emissions are controlled
and reversed by midcentury, it could take
centuries for atmospheric carbon levels and
temperatures to stabilize, and sea levels
could continue to rise for thousands of years
(IPCC 2001, 2007). Fortunately, America’s
forest managers have known for decades that
the landscapes they manage are dynamic and
changing; adaptive management is a recog-
nized management tool. Now, because of
buildups of atmospheric carbon, adaptive
management has a new and pressing dimen-
sion—a challenge unprecedented in the his-
tory of conservation.

Meeting the adaptation challenge has a
human dimension as well as an ecological
one. People tend to place high and unyield-
ing demands on ecosystems, expecting them
to flourish while still delivering the resources
needed to support high standards of living,
even where such expectations tend to clash.
In the 21st century, the changing climate is
likely to exacerbate such contradictions by
constraining the migration of species on a
landscape where the human footprint has
rendered conditions impassible. To support
adaptation, land managers must be prepared
not only for the migrating species and
changing landscape dynamics, but also for
potentially low levels of public understand-
ing and support for the necessary manage-
ment measures.

The nature of the changes is still un-
clear, but researchers are making progress in
anticipating them. Using new technology,
they are conducting experiments on intact
forest communities under the effects of ele-
vated greenhouse gases. They are using more
sophisticated climate and vegetation models
to increase confidence in their projections,
and they are studying on-the-ground re-
sponses of plants and animals to understand
behaviors. Forest managers can already use
the results to monitor forests for the impacts
of climate change and to adapt their man-
agement plans accordingly.

The goal of adaptation is to reduce the
vulnerability of ecosystems to climate
change and to increase their resilience to cli-
mate-induced changes in ecological condi-
tions. Specific adaptation responses might
include

• Reducing the impacts of stresses that
can exacerbate the effects of climate change,
particularly from wildland fire, air pollution,
insects, and diseases.

• Stepping up measures to prevent and
control the spread of invasive species.

• Preventing or reducing barriers to spe-
cies migration, such as forest fragmentation.

• Improving forest health monitoring
for early detection of climate change im-
pacts.

• Helping forests regenerate after large-
scale disturbances, e.g., through reforesta-
tion.

• Increasing stand-scale resistance to
drought and the spread of invasive species, as
well as resilience in the aftermath of both.

• Taking historical climate and pro-
jected climate changes into account in plan-
ning forest management.

• Considering the impacts of climate
change in selecting planting stock and
choosing planting methods.

• Supporting research to better under-
stand forest vulnerability to multiple stresses
and to find ways to enhance forest resilience.

• Perhaps most importantly, raising
awareness among natural resource managers
and concerned publics about climate change
and other threats to forest health.

Each of these management strategies
maximizes the flexibility needed to respond

to the certainty of climate change—and to
uncertainty about its effects. An overarching
management goal should be ecological di-
versity, with a variety of species, nursery
stock, and stocking levels across the land-
scape. Diversity can enhance forest resilience
in the face of future challenges, increasing
the options available to forest managers to
learn from climate change and respond ac-
cordingly.

Using Forestry to Counter
Anthropogenic Effects on
Climate

Adaptive management is only part of
what forest managers can do to respond to
climate change. From the mid-1990s to the
mid-2000s, forests in the United States have
sequestered about 200 million tn of atmo-
spheric carbon per year (Heath and Smith
2004), offsetting about 10% of the carbon
dioxide emitted by Americans burning fossil
fuels. A century ago, forests in the United
States were a net source of carbon rather
than a sink; they emitted as much as 750
million tn of carbon per year (Figure 3; Bird-
sey et al. [2006]), mainly because of agricul-
tural clearing, heavy logging, and losses to
fire and pests. The switch from source to
sink was caused by forest regrowth, land-use
reversion from cropland to forestland, and
successful fire and pest control. As forest
managers, we can build on that success by
analyzing our management practices, identi-
fying the ones that increase carbon seques-
tration and taking them into account in
making future land-management decisions.

Figure 3. The carbon budget of the U.S. forest sector from 1700–2100. The large spike in
emissions around 1900 is from land clearing and intense utilization of wood for industry
and development, followed by regrowth of forests during the 20th century. The current rate
of sequestration is projected to decline unless actions are taken to reverse this trend (from
Birdsey et al. 2006).
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A forest has three main carbon pools:
live biomass, woody debris, and soil organic
matter. Each is affected by disturbance in
different ways and over a different timescale
(Pregitzer and Euskirchen 2004). In forests
managed primarily for natural processes, the
carbon balance is driven mainly by soil pro-
ductivity and natural disturbance regimes;
in intensively managed plantations, the
main drivers tend to be site preparation,
planting-stock selection, thinning treat-
ments, and length of timber harvest rota-
tions. For both types of forest, the distur-
bance return interval drives carbon
dynamics, with both the timing and the in-
tensity of the disturbance playing a role; the
longer the average time between distur-
bances, the more carbon is stored; and the
less severe the disturbance (e.g., the less bio-
mass consumed by a fire), the more carbon is
retained.

For most forests, total carbon stored in-
creases with time since the last disturbance,
although carbon pools such as down woody
debris might decline for a while after a tim-
ber harvest. The pattern of carbon sequestra-
tion depends on climate, species, age classes,
site productivity, type of disturbance, and
other factors. Figure 4 shows a typical post-
harvest pattern of increasing carbon storage
in live biomass and, in dead biomass, losses
of carbon followed by gains. As forests get
older, productivity may begin to decline
(Ryan et al. 1997).

Additional accounting is required for
carbon sequestered in wood products. When
wood is removed from a forest, all of the
carbon does not immediately return to the
atmosphere. Carbon pools in wood prod-

ucts include wood in use (such as lumber,
furniture, and paper) and wood discarded in
landfills. Wood used in construction can re-
duce the burning of fossil fuels to produce
substitute building materials such as steel or
concrete (MacCleery 2005, Lippke 2006).
Woody biomass can be burned to heat or
light buildings or converted to ethanol to
power transportation, offsetting the use of
fossil fuels.

Taking all this into consideration and
acknowledging the difficulty of carbon ac-
counting, a range of forestry activities can
help balance the global carbon budget by
reducing greenhouse gas emissions or in-
creasing carbon sequestration. They include

• Afforestation, particularly the con-
version of marginal cropland to forestland.

• Prevention of forestland loss.
• Restoration of native vegetation and

wildlife habitat.
• Active regeneration of harvested for-

estland, particularly to establish fast-
growing species.

• Agroforestry—i.e., cultivating trees
with crops or pasture—by sequestering car-
bon and by decreasing the need for fossil
fuels and energy-intensive chemicals in pro-
ducing food and fuel.

• Modification of forest management
practices to increase the rate of carbon se-
questration or reduce emissions from decay.

• Short-rotation woody biomass plan-
tations, by sequestering carbon and provid-
ing energy feedstocks that displace fossil fu-
els in energy production.

• Reduced-impact logging, by decreas-
ing the soil disturbance and biomass decay

that often result from traditional timber har-
vest methods.

• Improvements in processing wood to
reduce emissions from wood waste and en-
ergy use.

• Urban forestry, by increasing carbon
sequestration in trees and reducing energy
used in heating or cooling homes and busi-
nesses.

Wildfire activity in the West is growing,
confronting the Nation with one of its most
difficult forestry challenges. Fuels reduction
and forest health treatments reduce rather
than increase carbon stocks in forests; how-
ever, they also reduce the amount of biomass
consumed—and carbon dioxide emit-
ted—in the resulting low-severity fires. If
the biomass removed during fuel reduction
treatments can be used in durable wood
products or converted to energy that reduces
consumption of fossil fuels, the carbon re-
moved is not counted as an emission in
greenhouse gas accounting. Significant bar-
riers to better utilization of small-diameter
timber in the West are lack of markets and
distance from or difficult access to utiliza-
tion facilities.

Studies suggest that the right forestry
activities in the United States could increase
carbon sequestration by 100–200 million
tn/year (Birdsey et al. 2000, Lewandrowski
et al. 2004, Environmental Protection
Agency [EPA] 2005, Stavins and Richards
2005), possibly doubling the amount of car-
bon annually sequestered by America’s for-
ests. However, the rate of increased carbon
storage would likely decline over time as
low-cost forestry opportunities run out, for-
estry sinks become saturated, and timber
harvest takes place in newly afforested areas.

Opportunities in the Private
Sector

About 430 million ac of the nation’s
749 million ac of forestland are in private
ownership. With more than one-half of the
nation’s forests, the private sector will play a
central role in deciding whether or not
America’s forests are managed for climate
change and its effects. Both market ap-
proaches and voluntary incentive programs
to manage greenhouse gases are under devel-
opment in the United States, the European
Union, and elsewhere (Totten 1999). Some
carbon sequestration projects are already un-
derway, even though sequestered carbon
currently has little market value in the
United States, a situation that seems un-

Figure 4. How carbon stocks in different pools change after a clearcut. Dead biomass
includes standing dead trees, down woody debris, and forest floor. This example is for
aspen-birch forests of the Lake States (Smith et al. 2006).

218 Journal of Forestry • June 2008



likely to greatly change unless limits on car-
bon emissions are imposed.

Widespread private participation in
carbon sequestration activities likely will re-
quire financial incentives. One way would
be through the sale of carbon offsets by land-
owners to developers, industries, and others
whose activities add more carbon to the at-
mosphere. Studies suggest that improving
forest management to sequester more car-
bon would become attractive to landowners
at carbon prices below $10/tn of carbon di-
oxide, afforestation at $15/tn or more, and
management for biofuels at $30–50/tn (Le-
wandrowski et al. 2004, EPA 2005, Stavins
and Richards 2005).

The success of a carbon market depends
on various factors. The trading price of car-
bon is crucial, as are transaction costs; forest
carbon credits must be exchangeable with
credits for reduced emissions; and carbon se-
questration must be accurately estimated
and reported. In addition, a technical sup-
port system is needed to provide land man-
agers with the knowledge and tools neces-
sary to make competent decisions about how
to manage particular forests to reduce green-
house gases.

Side effects might not all be beneficial.
For example, taking land out of crop pro-
duction might affect food prices; at higher
carbon prices, nearly 100 million ac might
revert from cropland to forestland (EPA
2005). Increasing carbon stocks in some ar-
eas also might reduce the availability of wa-
ter for other uses because higher tree density
will mean more water used for transpiration.
A sound forest carbon management policy
for the private sector will need to take all
effects into account, both positive and neg-
ative.

Opportunities in the Public
Sector

For carbon markets to flourish, govern-
ment must furnish a “driver,” such as a reg-
ulatory cap on carbon emissions. The Bush
administration has promoted a voluntary
scheme for reducing greenhouse gas emis-
sions, whereas states such as Maine and Cal-
ifornia are implementing regulatory action
plans for both emissions reductions and car-
bon sequestration. In the Northeast, a re-
gional greenhouse gas initiative based on
emissions caps involves 11 states. Voluntary
markets such as the Chicago Climate Ex-
change, although partly motivated by con-
servationism, also are driven by expectations

of a future national cap on carbon emissions
(Bayon and Hawn 2007).

Government plays an additional role in
setting up and supporting carbon markets.
The US Forest Service is the lead agency for
revising the national accounting rules and
guidelines for reporting and registering
emissions reductions and increases in carbon
stocks—a national greenhouse gas registry
that underpins the administration’s volun-
tary approach to reducing atmospheric car-
bon. US Forest Service research is develop-
ing the monitoring, accounting, and
reporting protocols for greenhouse gases
registries; the US Forest Service’s State and
Private Forestry staff can help implement
the guidelines through state and landowner
assistance.

Government also drives basic research,
and for almost 20 years the US Forest Ser-
vice has taken the lead. The US Forest Ser-
vice has conducted research on how forest
management, storage of carbon in wood
products, and natural factors affect the ex-
change of carbon with the atmosphere, both
in the past and under projected future sce-

narios. US Forest Service research provides
the fundamental knowledge needed to iden-
tify and develop forestry practices and man-
agement systems to increase carbon seques-
tration, accurately account for changes in
carbon storage, and prepare scientifically
credible reports.

With some 319 million ac of forestland
in public management, government can
play a significant role in managing the Na-
tion’s forests for climate change and its ef-
fects. The role of state and federal programs
in capturing the benefits of forest carbon
management, particularly through state/fed-
eral partnerships, can be a model for the Na-
tion. Specific activities might include

• Assessing the potential for sequester-
ing more carbon in forests and wood prod-
ucts through afforestation, improved forest
management, and substitution of wood for
other materials that require more energy to
produce.

• Facilitating the removal and use of ex-
cess forest biomass for biofuel and providing
incentives to increase the area of biomass en-
ergy plantations.

• Identifying how increased carbon se-
questration would affect other forest values,
such as wood production and wildlife habi-
tat.

• Determining the level of financial in-
centives needed to increase carbon seques-
tration.

• Providing landowners with informa-
tion on what they can do to increase carbon
sequestration on their lands.

• Helping landowners take the neces-
sary steps to increase carbon sequestration,
record the gains, and earn the corresponding
carbon credits.

• Accelerating the development of car-
bon inventory methods, data access, and
analysis tools.

• Developing regional demonstration
projects and training sessions.

• Implementing an “early warning” sys-
tem to detect adverse effects from climate
change.

• Perhaps most importantly, reducing
the ecological footprint of government by
conserving energy, switching to green en-
ergy and green building techniques, and off-
setting energy use through carbon sequestra-
tion.

Managing for Climate and
Forests of the Future

The climate is changing. More carbon
in the atmosphere is driving a wider range of

Since being named Chief of the US
Forest Service in January 2007, I have
talked to many people from around the
country who are concerned about forests.
Again and again, I hear a deep and abid-
ing concern about climate change. US
Forest Service researchers, including the
coauthors of this article, have long been
exploring the implications of climate
change for forests and forest manage-
ment in the United States. Over the last 5
years, the US Forest Service has been de-
veloping a concerted approach to climate
change under the leadership of Dale
Bosworth, my predecessor as Chief.
Building on these efforts, we are cur-
rently formulating a national climate
change strategy for the US Forest Ser-
vice. Our strategy will draw on many of
the insights contained in this thought-
ful and timely article.

Gail Kimbell
Chief, US Forest Service
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temperature extremes, producing warmer
summers and earlier snowmelts. The com-
bined effects appear to be partly responsible
for growing fire season severity, unprece-
dented activity by forest pests, and even the
accelerated spread of invasive weeds.

The future outlook is troubling. Cli-
mate variability and change can alter the
structure and function of ecosystems, in
turn reducing ecological resources and ben-
efits, shifting feedbacks between ecosystems
and climate, and disrupting lives and liveli-
hoods that depend on healthy forest ecosys-
tems. Currently, western forests are esti-
mated to be a carbon sink (Heath and Smith
2004), but they could become a source be-
cause of increasing wildfire activity.

However, there is hope. As forest man-
agers, the challenge we face is how to help
forests adapt to climate change and how to
build their capacity to store more carbon
and offset sources of carbon emissions. De-
spite uncertainty about the changing cli-
mate, we do have opportunities to act. We
can monitor the forests we manage for evi-
dence of climate change, and we can prepare
to adapt our management plans accordingly.
The benefits of adaptive management go be-
yond climate change; we can already adopt
them without regret.

We can also modify a broad range of
forestry activities to reduce greenhouse gas
emissions and increase carbon sequestration.
However, implementing these modifica-
tions on a broad scale while continuing to
produce forest goods and services will be a
formidable challenge. Federal and state gov-
ernments can play a key role in helping for-
est landowners ensure that forest carbon
management and adaptation practices are
sensitive to—and fully integrated with—
management plans and practices that pro-
tect and enhance the entire suite of the Na-
tion’s forest values.
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RESPONSE

Forests Can Reduce and Prevent
Carbon Dioxide Emissions

Steve Ruddell

T he verdict is in from the Intergovernmental Panel on Cli-
mate Change (IPCC); the Earth’s climate is changing, the
Earth is getting warmer, anthropogenic change (greenhouse

gas [GHG] emissions caused by human-induced activities) is one
likely cause, and forestry can contribute to the solution. The forestry
profession has a scientific role and a moral obligation to lead in
developing and implementing these solutions. The forestry profes-
sion also needs to recognize that forestry practices are anthropogenic
activities. Because deforestation causes about 20% of the global con-
tribution to carbon dioxide emissions, forestry can be part of the
solution. Attaining healthy forests in the United States will in part
require that forestry practices on public and private lands include
active forest management, including timber harvesting, in ways that
demonstrate sustainable forest management.

Using accepted knowledge and the recent scientific literature,
US Forest Service authors make a sound case that climate change is
real, and they identify the levels of net GHG emissions from anthro-
pogenic sources and the potential environmental impacts that are
likely to be felt on our natural capital. The authors make a solid case
that research findings demonstrate we are seeing changes in historical
behavior patterns for animals, and the natural range of many plant
and animal species is changing. Climate models are inherently un-
certain but getting better, and how ecosystems will respond to
climate change is complex and far from clear. Within the context of
this uncertainty, the IPCC forecasts that, even with GHG controls
in place by mid-century, it would take centuries for atmospheric
GHG to stabilize. In other words, we may have already gone past
the tipping point.

I would have liked for the authors to have better emphasized the
critical role that sustainably managed forests and harvested wood

products provide in reducing and preventing carbon dioxide emis-
sions. The primary means by which forests contribute to reducing
carbon dioxide emissions is in a forest’s ability to sequester carbon,
and the long-term storage of carbon in harvested wood products in
use for more than 100 years. Harvested wood products must be a
recognized carbon pool in any carbon accounting system.

Forests provide for significant carbon dioxide emission preven-
tion in four ways. The first is in preventing carbon dioxide emissions
through the substitution of biomass for fossil fuels when facilities
generating energy. The second is in preventing carbon dioxide emis-
sions through the substitution of solid or engineered wood building
materials for more carbon dioxide emission intensive building ma-
terials like concrete, steel, aluminum, and plastic. Carbon dioxide
emissions from manufacturing nonwood building materials can be
250% higher than from manufacturing wood products. The third
way forests can contribute to preventing carbon dioxide emissions is
by modifying wildfire behavior. This may require active forest man-
agement practices to ensure healthy forests. The fourth is in prevent-
ing deforestation, including the conversion of forestlands to other
uses. Deforestation and land conversion are fundamentally eco-
nomic problems that might effectively be addressed through a na-
tional emissions trading (cap-and-trade) program that recognizes
managed forests as eligible offset projects.

One important role of the US government for mitigating GHG
emissions will be to pass sound public policy that provides positive
incentives for private-sector investment in maintaining forests as
forest through the use of market-based mechanisms such as emis-
sions-trading legislation. Sound legislation and regulation will allow
sustainable forestry to participate as an offset project type, and rec-
ognize that forests must be treated differently (than clean technology
offset projects) when setting carbon dioxide baselines for trading
carbon credits. Regarding its role in climate change, the US Forest
Service can contribute in significant ways to climate change mitiga-
tion by ensuring that its research, state and private forestry, and
national forest programs support our forest’s capacity to reduce and
prevent carbon dioxide emissions.

Steve Ruddell (steve.ruddell@wwfus.org) is a member of the SAF Cli-
mate Change Task Force.
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