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Introduction

The increasing concentration of atmospheric carbon diox-
ide has raised concerns about the vulnerability of forests to
potential changes in climate and climate variability. These
concerns have prompted governments around the world to
commission technical assessments on the impact of climate
change on the environment and the economy. Based on the
current scientific information within these assessments, gov-
ernments have initiated negotiations on policy actions to
reduce greenhouse gas emissions and to address the vulner-
abilities of the ecological, economic, and social systems to
climate change. Critical to policy formulation is a periodic
synthesis of the ever-expanding knowledge on forest ecol-
ogy, the impact of climate on forests and of forests on cli-
mate, forest management, the socio-economic value of trees
and forests, and the role of forests in the global carbon cycle.

The Forest Service conducts periodic assessments of
the condition of forest and rangeland resources under
the authority of the Renewable Resources Planning Act
(RPA). The structure of these periodic assessments allows
for the synthesis and integration of the current state of sci-
entific knowledge (U.S. Department of Agriculture Forest
Service 1989, 1994). As part of the RPA process, this report
is a synthesis of current information that assesses the
impact of climate change on U.S. forests. Policy ques-
tions critical to understanding the impact of global cli-
mate change on current and future trends (Joyce et al.
1997) form the basis for the subsequent chapters in this
report. This chapter describes the synthesis of scientific
information and assessment of the impacts of climate on
forests, current understanding of the global climate, and
the policy questions addressed in this assessment.

The Synthesis of Scientific
Information

International Syntheses

Mandates to synthesize scientific information for policy
formulation have developed from international organi-
zations, international agreements between countries, and
laws within countries (fig. 1.1). Internationally, countries
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have worked together to organize the scientific commu-
nity to study the impact of climate change on the climate
system, global ecosystems, and social and economic sys-
tems. Within the United States, a series of laws have man-
dated these assessments, which in turn have supplied
information to international efforts. To provide context,
we introduce this chapter by describing the development
of international and U.S. assessments on climate change.

The United Nations Environmental Programme and the
World Meteorological Organization established the Inter-
governmental Panel on Climate Change (IPCC) in 1988 in
order to: 1) assess available scientific information on climate
change; 2) assess the environmental and socio-economic
impacts of climate change; and 3) formulate response strat-
egies. The first assessment reports were completed in 1990
(Houghton et al. 1990; IPCC 1991), the second reports were
completed in 1995 (Bruce et al. 1996; Houghton et al. 1996;
Watson et al. 1996), and the third report is being written.
These recent IPCC assessments have identified the impor-
tance of integrating the ecological and the economic and
social analyses (Houghton et al. 1996; Bruce et al. 1996) to
develop policy direction for mitigation and adaptation to
an increasingly changing climate. The third assessment will
rely on country assessments such as the U.S. assessments
where the analysis can focus more closely on the impact of
climate change on individual countries.

In 1992, the United States and over 50 other nations
signed the Framework Convention on Climate Change
(FCCCQ), an international agreement with no binding obli-
gations. The policy objective identified in the FCCC was
to achieve “stabilization of greenhouse gas concentra-
tions in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate
system.” In addition, these countries agreed that “such a
level should be achieved within a time-frame sufficient
to allow ecosystems to adapt naturally to climate change,
to ensure that food production is not threatened and to
enable economic development to proceed in a sustainable
manner.” The signing of this agreement initiated a series
of international meetings, so-called Conference of the Par-
ties (COP), at which negotiators determine the mecha-
nisms by which greenhouse gas concentrations could be
stabilized globally (fig. 1.1).

After signing the FCCC, the United States developed
policy and preferred actions to stabilize U.S. emissions by
the year 2000 at the 1990 levels (Clinton and Gore 1993;
U.S. Dept. of Energy 1994). Strategies within the Climate
Change Action Plan included emission-reducing activi-
ties within the transportation and manufacturing sectors
of the economy, and carbon storage activities in the forest
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Figure 1.1—Laws and International Agreements mandating climate change assessments in the United States and internationally.

sector. The forest sector currently sequesters more carbon
than it emits, and there are opportunities to increase
this offset of fossil fuel emissions in the near-term. The
proposed activities included accelerating tree planting
and encouraging forest management evaluation in non-
industrial private forests. These carbon-storage activities
would allow time to develop ways to reduce fossil fuel
emissions.

A discussion on the importance of greenhouse gas
stabilization led countries at the Third Conference of
the Parties, held in Kyoto, Japan, in December 1997, to
produce an agreement that included binding targets for
reducing emissions and flexible implementation where
targets would vary by country and groups of countries.
Under the terms of the agreement, which has not yet been
ratified by the U.S. Senate, the U.S. is bound to reduce
emissions 7% below 1990 levels by 2008-2012. This reduc-
tion by 2012 is substantial, given that increases in pop-
ulation and economic expansion would increase future
emissions in the absence of controls. Only reduction activ-
ities initiated in 1990 or later may be counted, since this is
the reference point against which all future changes will
be measured. These discussions included the role of for-

estry and land use change in stabilizing and mitigating
carbon emissions. Negotiators considered the potentially
important role of forest management in the ability of the
United States to meet its binding targets of greenhouse
gas emissions; yet, it is still not clear whether forest man-
agement will be included.

The importance of forests in maintaining the global
carbon cycle was recognized formally for temperate and
boreal forests in the Santiago Declaration, a statement
signed in 1995 by the governments of Australia, Canada,
Chile, China, Japan, the Republic of Korea, Mexico, New
Zealand, the Russian Federation, and the United States.
This statement identifies a comprehensive set of criteria
and indicators for forest conservation and sustainable
management for use by government policy makers. A cri-
terion is a category of conditions or processes by which
sustainable forest management may be assessed, and it is
characterized by a set of related indicators that are mon-
itored periodically to assess change. The United States
is implementing many of these criteria and indicators
within forest inventory and monitoring programs nation-
ally. Criterion 5 is the maintenance of forest contribution
to global carbon cycles.
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U.S. Laws and the Forest Service Resource
Assessments

The Forest and Rangeland Renewable Resources Plan-
ning Act of 1974 directed the Secretary of Agriculture to
prepare a Renewable Resources Assessment in 1975 and
a decadal update starting in 1979. The assessment was
to include “an analysis of present and anticipated uses,
demand for, and supply of the renewable resources, with
consideration of the international resource situation, and
an emphasis of pertinent supply, demand and price rela-
tionships trends.” Since 1974, there have been 3 national
assessments and two updates which have reviewed the
current and likely future condition of forest and range
resources including wildlife, water, timber, recreation,
range forage, and minerals. Assessments typically include:
1) description of the current status of the resource; 2) a
projection of supply of and demand for resource outputs;
3) social, economic, and environmental implications of
the projections; 4) management opportunities to improve
the resource situation; and 5) a description of Forest Ser-
vice programs and responsibilities. The results of the RPA
assessment are used as the factual basis for formulating
future renewable resource management programs. The
structure of these on-going assessments provides a mech-
anism by which current scientific information can also be
synthesized periodically to address policy questions.

Subsequent laws within the United States mandated
assessments of the impact of climate change on the U.S.
environment and economy (fig. 1.1). The Global Change
Research Act of 1990 requires the National Science and
Technology Council to: 1) assess current human-induced
and natural trends in global change; 2) analyze effects of
global change on the natural environment, agriculture,
energy production and use, land and water resources,
transportation, human health and welfare, human social
systems, and biological diversity; and 3) project major
trends for the subsequent 25 to 100 years. The 1990 Food
Protection Act amends the 1974 Resources Planning Act
and requires the Forest Service to: 1) assess the impact of
climate change on the condition of renewable resources
on forests and rangelands, and 2) identify the rural and
urban forestry opportunities to mitigate the buildup of
atmospheric carbon dioxide.

Since the Amendment of the RPA, the RPA assessments
have included an analysis on the vulnerability of U.S. eco-
systems to changes in climate, and the potential impact
on the social and economic systems from changes in cli-
mate. The 1989 assessment included a review of the cur-
rent scientific understanding of the potential effects of
global climate change on forests (Joyce et al. 1990). The
next assessment update in 1993 used an integrated model-
ing framework to analyze the impact of climate change
on ecosystem productivity, timber supply and demand,
and carbon storage (Joyce 1995; Joyce et al. 1995). We use
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this modeling framework to structure our current synthe-
sis of the impact of climate change on U.S. forests (fig. 1.2).
The following chapters review our ability to quantify the
impacts of a changing climate on changes in vegetation
communities (Chapter 2), forest productivity (Chapter 3),
forest economy, land area, timber inventory (Chapters 4
and 5), and carbon stored in forests, in wood products,
and in landfills and dumps (Chapters 5, 6, 7 and 8).

Six policy questions related to the impact of global cli-
mate change on forests (Joyce et al. 1997) form the basis
for the subsequent chapters in this report. This chapter
describes mandates and structures of synthesizing scien-
tific information and assessing the impacts of climate on
the forest sector, current understandings of the global cli-
mate, and policy questions addressed in this assessment.

Understanding the Dynamics
of Climate

Climate Dynamics, Greenhouse Gases,
and Global Carbon Cycle

Identifying the vulnerabilities of ecosystems and econ-
omies to climate variability and change depends on an
understanding of the sensitivity of those systems to cli-
mate. Analyzing the effectiveness of policy instruments in
stabilizing greenhouse gases, such as sequestering carbon
in forests, depends on an understanding of several fac-
tors: climate processes, the physical changes in climate
arising from all greenhouse gases and aerosols, biospheric
and oceanic interactions, and the influence of humans
on climate processes and forest biogeochemistry through
activities such as forest management and land use change.
We briefly review current observations on changes in
atmospheric chemistry, changes in global and U.S. cli-
mates, and the influence of humans on the earth’s climate
system.

Certain atmospheric gases have the potential to warm
the atmosphere and are collectively known as greenhouse
gases: carbon dioxide, methane, nitrous oxides, chloroflu-
orocarbons, and water vapor (Houghton et al. 1996). The
amount of warming is a function of the ability of these
gases to absorb solar radiation (radiative properties of
the gases) and the atmospheric concentration of each
gas. The radiative property of a gas is constant, but the
atmospheric concentrations of these gases are altered by
natural processes and human activities. It is the rise in
atmospheric concentration of these gases that is of con-
cern globally.

The atmospheric concentration of carbon dioxide,
methane, nitrous oxides, and the chlorofluorocarbons has
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Figure 1.2—Components of the Integrated Modeling system used in the 1993 Forest Service RPA Assessment Update.

increased since pre-industrial times (table 1.1). Increases
range from 13 percent for nitrous oxides to 145 percent
for methane. Moreover, the atmosphere did not contain
chlorofluorocarbons in pre-industrial times. Increases in
carbon dioxide are mainly the result of fossil fuel emis-
sions from industrial and domestic activities and land use
conversions. Methane increases result from the produc-
tion and use of fossil fuel and from anthropogenic activi-
ties such as rice cultivation and livestock production. The
sources of nitrous oxides are small and hard to quantify,
but include agriculture and industrial processes. The rates
of concentration changes (table 1.1) are positive except for
CFC-11, which is being controlled as a result of the Mon-
treal Protocol. The positive rates of change demonstrate
that atmospheric concentrations will continue to increase
for these greenhouse gases, unless the activities influenc-
ing these concentrations are modified.

While concentrations of greenhouse gases are sources
of atmospheric warming, other processes have recently
been identified that also influence the earth’s energy.

Aerosols, tiny particles of liquid or solid matter sus-
pended in the atmosphere, can be derived from many
different materials including sea salt, soil, smoke, and
sulfuric acid (Schimel et al. 1996). They increase the scat-
ter of incoming solar radiation, sending some radiation
away from earth. They are also a part of the cloud-form-
ing process. In both of these ways, aerosols can influence
the earth’s temperature. The length of time that aerosols
remain in the atmosphere is much less (a few weeks) than
the residence time of carbon dioxide (approximately 100
years). In addition, human-produced aerosols do not mix
throughout the globe like carbon dioxide (Charlson et al.
1992). They tend to remain near the area of generation
and thereby have an impact on the regional climate.
Land management activities influence the uptake and
release of greenhouse gases. The processes that influence
these carbon fluxes operate at different spatial scales and
time frames. Currently, the main sources of carbon diox-
ide include fossil fuel consumption and land use change,
particularly deforestation in the tropics. The main res-
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Figure 1.3—Observed concentration of atmospheric carbon dioxide in parts per million at Mauna Loa, Hawaii, from 1959 to 1998.

(Source: C. D. Keeling, Scripps Institution of Oceanography)

Table 1.1—A sample of greenhouse gases affected by human activities (Houghton et al. 1996).

HCFC-22 CH,
CO, CH, N,O CRC-11 (A CFC substitute) (A perfluorocarbon)
Pre-industrial concentration ~280 ppmv ~700 ppbv ~275 ppbv zero zero zero
Concentration in 1994 358 ppmv 1720 ppbv 312" ppbv 268! pptv? 110 pptv 72" pptv
Rate of concentration change® 1.5 ppmv/yr 10 ppbv/yr 0.8 ppbv/yr 0 pptv/yr 5 pptv/yr 1.2 pptv/yr
0.4%/yr 0.6%l/yr 0.25%/yr 0%/yr 5%lyr 2%lyr
Atmospheric lifetime (years) 50-200* 125 120 50 12 50,000

! Estimated from 1992-93 data.
21 pptv = 1 part per trillion (million million) by volume.

8 The growth rates of CO,, CH,, and N,O are averaged over the decade beginning 1984; halocarbon growth rates are based on recent years (1990s).
* No single lifetime for CO, can be defined because of the different rates of uptake by different sink processes.
5 This has been defined as an adjustment time which takes into account the indirect effect of methane on its own lifetime.

ervoirs for carbon storage include the atmosphere, the
ocean, and the vegetation. Incorporation of carbon into
vegetation is the fastest process, and atmospheric concen-
trations throughout the year reflect the seasonal growth
of vegetation (fig. 1.3). Transfers to soils and ocean depths
operate on the decade-to-century time-scale.

Transfers of carbon dioxide between the atmosphere,
ocean, and land at the global scale have been examined
using a budgeting approach (Houghton et al. 1996). The
amount of carbon dioxide that remains in the atmosphere
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is used to project likely future changes in the global cli-
mate. Emissions from fossil fuel combustion and cement
production are the larger share of the carbon sources
identified (table 1.2). Atmospheric sampling and forest
inventories indicate that the carbon source of land clear-
ing in the tropics is approximately balanced by the carbon
reservoir of forest regrowth in the Northern Hemisphere.
Experimental research suggests that the uptake of carbon
invegetation may be stimulated by increased atmospheric
carbon dioxide and nitrogen fertilization from the depo-
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sition of nitrogen in the atmosphere (Kauppi et al. 1992,
Aber et al. 1998, Magill et al. 1997). The future role of veg-
etation in the global budget is highly uncertain because of
our lack of understanding about processes such as fertil-
ization from atmospheric carbon dioxide and our inabil-
ity to predict future rates of deforestation in the tropics
and regrowth in the mid-latitudes (Houghton et al. 1996,
Watson et al. 2000). Understanding the uptake and release
of carbon in forested ecosystems, especially as affected by
management activities, will be important in addressing
the role of forestry, not only in mitigating greenhouse gas
emissions, but also in the processes influencing the global
carbon budget (Schimel et al. 2000).

Analyses in the recent RPA Update focused on the role
of forestry in releasing carbon through harvest and in
storing carbon through growth and land conversion to
forests on the U.S. mainland. The net effect of these activ-
ities in the United States comprise an estimated carbon
sink of approximately 0.3 GtC/yr (Birdsey and Heath
1995), a substantial portion of the total uptake by the
Northern Hemisphere. These analyses are set in the con-
text of the global budget of carbon in order to determine
what role U.S. forests might play in mitigating carbon

Table 1.2—Annual average anthropogenic carbon budget for
1980 to 1989. CO, sources, sinks, and storage in the atmos-
phere are expressed in GtC/yr (where GtC is gigatons of carbon)
(Houghton et al. 1996).

CO, sources

(1) Emissions from fossil fuel combustion

and cement production 5.5+ 0.5
(2) Net emissions from changes in tropical

land-use 1.6 +1.0?
(3) Total anthropogenic emissions = (1) + (2) 71+141
Partitioning amongst reservoirs
(4) Storage in the atmosphere 3.3+02
(5) Ocean uptake 2.0+0.8
(6) Uptake by Northern Hemisphere forest

regrowth 0.5+0.5°%
(7) Inferred sink: 3-(4+5+6) 1.3+ 1.54

" For comparison, emissions in 1994 were 6.1 GtC/yr.

2 Consistent with Chapter 24 of IPCC Working Group Il (Watson et al.
1996).

3This number is consistent with the independent estimate, given in IPCC
Working Group Il (Watson et al. 1996), of 0.7 + 0.2 GtC/yr for the mid-
land high latitude forest sink.

4 This inferred sink is consistent with independent estimates, given in
Chapter 9 of IPCC Working Group | (Houghton et al. 1996), of carbon
uptake due to nitrogen fertilization (0.5 + 1.0 GtC/yr), plus the range of
other uptakes (0-2 GtC/yr) due to CO, fertilization and climatic effects.
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emissions and thereby to help stabilize the concentrations
of carbon dioxide in the atmosphere.

Observed Trends in Climate at the
Global Scale

At the global scale, increases in air temperature and
in precipitation have been documented in the historical
record of observation (Houghton et al. 1996). Both sea
surface and land surface temperatures indicate a warm-
ing pattern. While observed changes related to tempera-
ture generally have a higher confidence than observed
changes in the hydrological cycle, precipitation has also
increased 1% globally.

Since the late 19 century, near-surface air temperatures
have risen from 0.3 to 0.6°C, paralleling similar increases
seen in near-surface ocean temperatures. The most reli-
able period of observation, the last 40 years, indicates a
warming of 0.2 to 0.3°C for the global average surface
temperature (Houghton et al. 1996). While temperatures
have increased over time in urban centers, the increases
in urban temperatures and the expansion of urban areas
contributes minimally to global surface warming (Easter-
ling et al. 1997). Urbanization may be important in some
regions, however. Similarly, desertification has influenced
local climates, but has a negligible effect on global temper-
ature changes (Houghton et al. 1996).

The difference between the surface maximum and min-
imum daily temperatures has decreased since the middle
of the 20" century based on an analysis of over 54 per-
cent of the global land area (Easterling et al. 1997). This
narrowing of the daily maximum and minimum temper-
atures is the result of warmer nighttime temperatures,
which may reflect not only the increase of carbon dioxide
but also increased cloud cover. Daytime clouds obstruct
the daytime sunshine, while nighttime clouds reduce the
amount of terrestrial radiation escaping at night.

Anumber of indirect indicators support these observed
increases in temperature globally. The 20" century retreat
of mountain glaciers and the underground temperatures
in boreholes are seen as indirect indicators supporting
these warming estimates. Houghton et al. (1996) reported
mass balance declines for the six glaciers for which long
observational data are available. South Cascade in Alaska
showed the largest loss in mass balance. Underground
temperatures in boreholes have been observed to warm in
New England, Canada, Alaska, France, and the ice sheet in
the Arctic regions, but other areas have shown no changes.
An analysis of all the North American studies concluded
that underground temperatures warmed between 0.3 and
4.0 °C since the 19" century (Deming 1995). The increas-
ing trends in precipitation have also been corroborated
regionally with indirect indicators such as streamflow,
lake levels, and where available, soil moisture.
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Figure 1.4—Temperature trends (1900-94 converted to mean temperature in °C per 100 years) centered within state climatic divisions
are reflected by the diameter of the circle centered within each climatic division. Solid circles represent increases and open circles,

decreases (from Karl et al. 1996).

The variability of climate is calculated from the histor-
ical records. Globally, the data are inadequate to assess
whether climate variability has changed in response to
elevated greenhouse gases (Houghton et al. 1996). No
global-scale patterns in drought frequency or intensity or
variation in rainfall events or extremes has emerged from
the analysis of the available data. Sufficient data have
been available to examine these trends for some regions,
such as described below for the United States.

Indicators of Change in the U.S. Climate

An analysis of the near-surface air temperature reveals
that temperatures have warmed over much of the United
States in the last 100 years (fig. 1.4) (Karl et al. 1996).
Temperature trends at the national scale, if represented
with a linear trend, indicate a rise of about 0.4°C over 100
years. This rise occurs mainly in the first six months of the
year. Regional records show the South with a slight cool-
ing (1°C/100 years) and the northeast, northcentral, and
western parts of the United States with a warming trend
of 1 to 2°C. At the continental scale, Watson et al. (1998)
reported the highest increases in warming occurred along

USDA Forest Service Gen. Tech. Rep. RMRS—GTR-59. 2000.

an area extending from northwestern Canada across the
southern Canada/northern U.S. region to southeastern
Canada and the northeastern United States. The temporal
pattern of these increases indicates an increase in warm-
ing from the 1920s to the 1940s and again from the 1970s
to the 1990s.

Within the United States, precipitation was shown to
have increased since 1970 about 5%, mainly the result
of increases in precipitation in the last six months of the
year, and primarily in autumn (Karl et al. 1996). The larg-
est increases, up to 20%, were seen in the Gulf Coast
states, the lower northeastern part of the United States,
and the midwestern states (fig. 1.5). However, states such
as California, Montana, Wyoming, North Dakota, parts of
Colorado, and Nebraska have actually had a decrease in
annual precipitation of similar magnitude.

Karl et al. (1996) present a framework for examining
potential changes in the U.S. climate. They developed
two indices that reflect the behavior of individual climate
metrics that would likely reflect changes in the climate
as a result of increasing concentrations of greenhouse
gases. Their Climate Extremes Index supports the notion
that the climate of the United States has become more
extreme in recent decades. Their U.S. Greenhouse Climate

11
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Figure 1.5—Precipitation trends (1900-94 converted to percent per century) centered within state climatic divisions are reflected by
the diameter of the circle centered within each climatic division. Solid circles represent increases and open circles, decreases (from

Karl et al. 1996).

Response Index is consistent with an enhanced green-
house effect. However, neither response is large enough
to conclude that the increase in extremes reflects a non-
stationary climate, or that the increase in the Greenhouse
Climate Response Index may be the result of other factors
including natural climate variability.

The increase in extremes is influenced markedly by
three precipitation indicators: the frequency of long-term
drought severity and moisture excess; the frequency of
extreme 1-day precipitation events; and a much greater
than normal number of days with precipitation. When
Karl et al. (1996) analyzed the extremes associated with
drought severity and moisture excess, they determined
that there was considerable decadal variability in drought
severity and in moisture surplus. The likelihood that
these occurrences arose from a quasi-stationary climate
was 25%. In the last several decades, however, they noted
a tendency for more of the area in the United States to be
either in a drought or to have severe excess moisture.
Karl et al. (1996) determined that the proportion of the
country that has had a much greater than normal amount
of precipitation derived from extremely heavy (greater
than 50.8 mm or 2 in) 1-day precipitation events could
be reliably computed from climate data available since

12

1910 (fig. 1.6). They concluded that the steady increase in
area of the United States affected by extreme precipita-
tion events would be highly unlikely (less than 1 chance
in 1000) in a quasi-stationary climate. The percentage
of the conterminous U.S. area with the number of wet
days much above normal also increased beyond what one
would expect for a stationary climate. This increase in the
number of wet days parallels the increase in precipitation
at the national scale. The proportion of area in the United
States with a much greater than normal number of dry
days did not change over the century (Karl et al. 1996).

An increase, but of more recent nature, was seen in the
percentage of the conterminous U.S. area with a much
above normal cold season (October through April) pre-
cipitation (fig. 1.7). Here the increase is most noticeable
since 1970. Another indicator of potential shifts was the
decrease in area affected by much below normal maxi-
mum temperatures (not shown here).

Recent work has synthesized many climate metrics,
including biologically meaningful indicators, to show a
rapidly warming climate in Alaska. Chapman and Walsh
(1993) documented a significant warming trend in the
temperature records over the last few decades for most
of Alaska, with winter temperatures warming more than
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Figure 1.6—Percentage of the conterminous U.S. area with a
much above normal proportion of total annual precipitation from
1-day extreme (more than 2 inches) events (from Karl et al.
1996).

summer temperatures. Jacoby et al. (1995) confirmed this
recent trend by analyzing tree rings. They also concluded
that temperatures are near the highest level of the past
3 centuries, an observation also made by Lachenbruch et
al. (1988) from data derived from arctic boreholes. Most
recently, Myneni et al. (1997) examined atmospheric CO,
trends and changes in the normalized difference vege-
tation index (NDVI - an index of greenness). They con-
cluded that the active growing season lengthened by
about 12 days and that winter temperature increased
by 4°C between 1981 and 1991 at latitudes above 45°N.
Before this recent climate research, Oechel et al. (1993)
reported changes in the carbon dioxide flux from Arctic
tundra ecosystems, shifting the carbon balance from a net
carbon dioxide sink to a source of carbon. This increase
was presumed to be the result of increasing soil tempera-
tures, soil aeration, and depth of soil thaw (Oechel et al.
1993).

Predicting Future Climates and
the Vegetation Response

Atmospheric-Biospheric Relationships

Forests and climate are intimately connected in the
United States. The North American climate is influenced by
the region’s size, topography, and the widely varying tem-
peratures of the surrounding oceans. The current distribu-
tion of forests is strongly tied to these climate patterns.

In the Pacific Northwest of the United States, local cli-
mates are influenced by elevation, proximity to the Pacific
Ocean, prevailing winds, and the north-south-oriented
mountain ranges. Similarly, local climates on the eastern
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Figure 1.7—Percentage of the conterminous U.S. area with

much above normal cold season (October through April) precipi-
tation (from Karl et al. 1996).

coast are influenced by proximity to the ocean and the
Gulf of Mexico, and the episodic extreme events such as
hurricanes. Even climates in the interior of the United
States are influenced by large bodies of water such as the
Northcentral communities surrounding the Great Lakes
and the communities on the eastern side of the Great Salt
Lake in Utah. For a large part of the North American
continent, disturbances in the upper-level westerly winds
play an important role in the temperature and moisture
regimes. The Polar Front refers to the surface boundary
between the colder, drier Arctic air and the warmer,
moister air in the south. Disturbances in the upper level
westerly winds shift the position of the upper level jet
stream, and hence the Polar Front, back and forth across
the North American continent. In the colder months of
the year, this front moves slowly back and forth across the
United States, bringing colder Arctic air to the northern
and parts of the southern United States. Spring and fall
see shorter, weaker systems moving quickly across the
continent. In the summer the Polar Front retreats far into
northern Canada. Because of these climate influences, the
current temperature and precipitation gradients in the
eastern half of the United States are strong in both the
north to south and east to west directions.

Forests dominate the East and parts of the West. Major
timber producing regions include the moist Pacific North-
west coast, the warm and moist Southeast, and the moist
but cooler Northcentral region. Annual precipitation is
highest along the Pacific Northwest coast and in the
Southeast, centered mainly along the Gulf Coast states
(Watson et al. 1998). High precipitation rates, low evapo-
rative demands, and moderate temperatures characterize
the Pacific Northwest climate (Lassoie et al. 1985). The
forests in the East respond to climates influenced by prox-
imity to the ocean and shifts in the continental air masses
(Hick and Chabot 1985). Forests on the east coast peri-
odically experience major tropical storms and hurricanes.
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Any change in climate and climate variability has the
potential to alter the structure, function, and geographic
distribution of forests.

In the 1993 RPA Update, climate scenarios from four
General Circulation Models (GCM) were used to exam-
ine the impact of climate change on forest productivity
(Joyce et al. 1995). These global models provided equilib-
rium climates under elevated atmospheric carbon dioxide
concentrations at a coarse spatial resolution. We review
below the improved understanding of climate dynamics
since this analysis. Another area where the understand-
ing of climate dynamics has improved but there remains
much uncertainty is the interaction between the land use
and atmospheric dynamics. We also review below recent
research identifying the contributions that land use makes
to local climate conditions.

Improvements in Climate Scenarios

Since the development of these early GCMs, improve-
ments have resulted in better depiction of large scale
features of the climate system such as the seasonal, geo-
graphical, and vertical variations in climate (Houghton et
al. 1996). Our ability to detect climate change is closely
linked with our ability to predict the temporal and spatial
variability of climate. Within the GCMs, the variability
in results is broadly comparable to the observed variabil-
ity in time and space (Houghton et al. 1996). Improved
GCMs capture the relatively smaller variability over the
oceans and the larger variability over continental inte-
riors. However, only recently has the interannual vari-
ability associated with the El Nino-Southern Oscillation
phenomenon been captured by a coupled atmospheric
and ocean model, the Hadley GCM (Tett et al. 1997). The
Hadley model and several other GCM models represent
a significant improvement in the projection of climate
change through the three-dimensional representation and
interaction of atmospheric processes, oceanic processes,
and the land surface properties on a time-dependent basis
(Houghton et al. 1996). These scenarios are referred to
as transient scenarios, in contrast to the earlier equilib-
rium scenarios. These computationally intensive simula-
tions allow an examination of the behavior of climate as
human-induced emissions increase over time.

While climate scenarios in the Second IPCC Assess-
ment included the nature of change over time (Hough-
ton et al. 1996), the IPCC analysis of the impact of climate
change on ecosystems, including forests, was based on
the earlier equilibrium climate scenarios. Only now is
research being reported that has used the transient sce-
narios to examine the impact of climate change on for-
ests (Neilson 1998). However, the land surface properties
of these improved atmospheric-ocean coupled models is
static; that is, the land surface properties, such as veg-
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etation, do not change over time in response to climate
changes or human activities. Recent work has shown
the impact of land surface properties on climate model-
ing (Pitman et al. 1999). The development of feedbacks
between land surface properties and the atmosphere-
ocean processes is another area of needed research.

The addition of aerosols to the GCMs has resulted
in closer agreement between model simulations and the
observed global mean surface temperature. The release
of stratospheric aerosols from the 1991 Mount Pinatubo
eruption was used to exercise a climate model; the model
results of a shift in the global temperature variation
agreed closely with the observations. Analyses with the
Hadley GCM indicate that the influence of aerosols varies
by season and region of the globe (Mitchell and Johns
1997). In the winter, aerosols cool the warming influence
of carbon dioxide; in the summer, the influence of carbon
dioxide on the hydrological cycle is disrupted. Regional
climates in Europe and Southeast Asia are significantly
impacted by the inclusion of aerosols in the model.

These improvements in GCMs have been outpaced by
an equally important increase in our understanding of the
complexity of the climate system and the identification of
additional processes that need to be included in the cli-
mate models. The range of temperature increases (1.5°C
to 4.5°C) given in Houghton et al. (1990) and Houghton
et al. (1996) in response to a doubling of carbon dioxide
concentration results from model uncertainty associated
with internal feedbacks such as water vapor feedback,
cloud/radiative feedback, ice and snow albedo feedback,
and uncertainties in the representation of ocean circula-
tion and land-surface/atmosphere interactions.

Clouds influence the global temperature both as a cool-
ing agent and as a warming agent. The formation of clouds
is dependent upon the interactions of atmospheric water
and aerosols. The uncertainty of the temperature rise is
primarily the result of our lack of understanding of cloud
processes. Sea ice coverage varies between GCMs and fur-
ther refinement of this aspect will increase their accuracy
(Houghton et al. 1996). Changes in the climate from anthro-
pogenic emissions will influence environmental factors such
as soil moisture, albedo, and vegetation. Changes in these
surface properties will, in turn, affect the local climate.

GCMs typically operate at a coarse resolution. The com-
plex topography of landscapes such as the western United
States is not represented in detail in these GCMs. At
regional scales, the interactions between the atmosphere
and the surface (topography, vegetation) are important.
The regional influence of human-generated aerosols will
likely be significant as these aerosols do not disperse
widely from their sources of generation. Further, most
GCMs do not include changes in land use and these have
been shown to have significant impact on temperature
and precipitation changes, especially in the tropics and
subtropics (Houghton et al. 1996).
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Watson et al. (1998) concluded that limited confidence
can be placed in regional climate projections because these
projections are unable to capture present-day climates,
and inter-model variability is quite large. Although statis-
tical downscaling techniques and nested regional models
have been used to refine regional climate projections, the
current GCMs do not capture the complex topographical
features, large lake systems, and narrow land masses that
significantly affect regional and local change scenarios
(Houghton et al. 1996). This degree of uncertainty compli-
cates the assessment of the impact of climate and climate
variability on forest resources at the local scale. Hough-
ton et al. (1996) identified the following urgent scientific
problems requiring attention: improved understanding
of regional patterns of climate change including land-sur-
face processes and their link to atmospheric processes;
coupling of scale between global climate models and
regional and smaller scale models; and simulations with
higher resolution climate models.

Influence of Human-Induced Land Use
Change on Climate

Land use change influences atmospheric-biospheric
relationships (Cotton and Pielke 1995; Houghton et al.
1996) through changes in atmospheric chemistry and the
surface characteristics such as albedo. The conversion of
vegetation from forest to grassland, through harvest or
burning, changes the roughness and albedo of the land
surface, influencing the climate. Biomass burning is used
to clear land for shifting cultivation, to convert land
from forest to agriculture or grazing, to promote produc-
tivity of grasses or agricultural crops, and as an energy
source (Crutzen and Andreae 1990). This burning pro-
duces trace gases and aerosol particles that influence
atmospheric chemistry and climate. When tropical forests
were replaced by pasture within the Amazon basin, mean
surface temperature increased about 2.5°C and annual
evapotranspiration decreased by 30% (Nobre et al. 1991).
Two other effects observed in the model simulations,
larger diurnal fluctuations of surface temperature and
vapor pressure deficit, have been observed in deforested
areas in the Amazon (Nobre et al. 1991).

The schemes used in GCMs to depict the land surface,
including vegetation, have increased in their complexity
since the first IPCC assessment, but there is still consid-
erable uncertainty in their ability to predict soil mois-
ture, surface heat, and water fluxes in the absence of land
use changes. The slow changes in reforestation and the
dynamic impacts of land use changes such as deforesta-
tion are not incorporated into the current GCMs (Hough-
ton et al. 1996).

Large-scale changes in vegetation cover have resulted
from deforestation to agriculture and reforestation in New
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England (Foster et al. 1992) and fires and extractive uses
in Colorado (Price 1991). These changes in vegetation and
land use are often not climate related (Dale 1997) and are
not included in GCM depictions of the earth’s land surface.
Even when climate scenarios are used to drive ecological or
economic models, the climate-related changes in land cover
and use projected in the ecological and economic models do
not feed back to the climate models in most cases.

Some investigators have shown the impact of land use
on regional climates. Pielke et al. (1997) used land use
data to demonstrate the role that landscapes (particu-
larly spatial heterogeneity) have on the development of
weather disturbances, such as thunderstorms in the Great
Plains. The urban heat island effect, where large masses
of concrete absorb solar radiation, is well-documented.
Bonan (1997) used a simulation model to examine the
impact of the cumulative changes in land cover and land
use in the United States on climate in the United States.
Modern vegetation includes crops replacing grassland
vegetation in the central U.S. and the needleleaf ever-
green, broadleaf deciduous, and mixed forests of the
eastern U.S. The modeling exercise indicated that temper-
atures were 1 degree C cooler in the eastern U.S. and 1
degree C warmer over the western U.S. in spring. Bonan
(1997) reported that the sulfate aerosols in the atmosphere
in the eastern U.S. offset the warming impact of the green-
house gases locally there. A clearer understanding of how
land use affects local climate will be important in manag-
ing landscapes under an altering climate.

Impact of Climate Change on
Forests, Wood Products, and
Carbon

Forest Service RPA and Global Change
Research Program Assessment of
Climate Change

To develop forest policy actions to meet the challenges
and opportunities of climate change, an integrated assess-
ment is needed where climate information, forest produc-
tivity, forest management, the demand for forest products,
and carbon sequestration is considered holistically. As
described in Watson et al. (1998), current approaches to
integrated assessments fall into three main categories:
1) the “vertical” dimension, where integration occurs
through the chain of effects from changes in atmospheric
composition and climate to changes in biophysical sys-
tems to socioeconomic consequences; 2) the “horizontal”
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dimension, which emphasizes the interactions among sys-
tems, sectors, and activities; and 3) the “time” dimension,
where trends in society are projected over the transient
path of the projected climate. Each of these approaches
offers important insight into questions surrounding the
impact of climate and climate variability on the forest
environment and economy. The most recent RPA climate
change assessment was based on the vertical approach,
with some consideration of the temporal dynamics (fig.
1.2). This report, in cooperation with the Forest Service
Global Change Research Program, seeks to establish the
foundation for the next quantitative analyses of the impact
of climate change on forests.

The Forest Service Global Change Research Program
(FSGCRP) was initiated in the late 1980s to provide the
scientific basis to address three broad questions (Birdsey
et al. 1997): 1) What processes in forest ecosystems are
sensitive to physical and chemical changes in the atmo-
sphere? 2) How will future physical and chemical climate
change influence the structure, function, and productiv-
ity of forest and related ecosystems, and to what extent
will forest ecosystems change in response to atmospheric
changes? and 3) What are the implications for forest man-
agement and how must forest management activities be
altered to sustain forest productivity, health, and diversity?
Experimental studies, monitoring, and modeling research
are an integral part of the FSGCRP. Through participation
in the U.S. Department of Agriculture’s Global Change
Research Program, the FSGCRP is a part of the U.S. Gov-
ernment’s Global Change Research Program (USGCRP).
The USGCRP has been developed under the direction of
the Executive Office of the President, through the National
Science and Technology Council (NSTC) and its Commit-
tee on Environment and Natural Resources (CENR).

The FSGCRP and the RPA assessments have a common
goal of assessing current and future resource trends.
Questions critical to understanding the impact of global
climate change on current and future trends are the focus
of the joint FSGCRP-RPA assessment. Six policy questions
were identified (Joyce et al. 1997) and these questions
form the basis for the subsequent chapters in this report.

What are the likely effects of increasing atmospheric
carbon dioxide and prospective climate changes on
ecosystem productivity, as measured by changes in
net primary productivity?

To what geographic extent will potential ecosystem
types change or move across the United States, as
measured in composition and boundary changes?

What changes in forest productivity will occur as mea-
sured by changes in volume, growth, and biomass?

What are the potential impacts on the forest sector
under climate change, as measured by employment
and timber prices?
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When forest policy questions for the RPA Assess-
ment, such as reduced NFS harvest, are examined
with and without climate change, do the forest
sector impacts differ greatly in magnitude or kind?

What are the opportunities and costs of emissions
mitigation using forest ecosystem management and
forest products technologies?

Acknowledgments

This work was supported by the USDA Forest Service, the
Resources Program and Assessment Staff, and the Global
Change Research Program. Additional sources of support for
research within individual chapters is acknowledged there.

We would like to thank those reviewers who gen-
erously contributed their time to reviewing the entire
document: Brent Sohngen, Ohio State University; Phillip
Dougherty, Westvaco Forestry Research; Eric Vance and
Craig Loehle, National Council of the Paper Industry
for Air and Stream Improvement, Inc.; Mark Harmon,
Oregon State University; Lloyd Irland, The Irland Group;
Linda Langner and Dave Darr, USDA Forest Service. We
greatly appreciated the editorial assistance of Lane Eskew
and Robert Hamre, and the statistical review of Rudy
King. The details of word processing were expertly han-
dled by Angie Harris and Sara Senn.

Literature Cited

Aber, ].; McDowell, W.H.; Nadelhoffer, K.J. [et al.]. 1998. Nitrogen satu-
ration in temperate forest ecosystems: hypotheses revisited. Biosci-
ence. 48: 921-934.

Birdsey, R; Heath, L.S. 1995. Carbon changes in U.S. forests. In: Joyce,
L.A., ed. Productivity of America’s Forest and Climate Change. Gen.
Tech. Rep. RM-271. Fort Collins, CO: U.S. Department of Agricul-
ture, Forest Service, Rocky Mountain Forest and Range Experiment
Station: 56-70.

Birdsey, R.; Mickler, R.; Sandberg, D. [et al.], eds. 1997. USDA Forest Ser-
vice Global Change Research Program Highlights 1991-1995. Gen.
Tech. Rep. NE-237. Radnor, PA: U.S. Department of Agriculture,
Forest Service, Northeastern Forest Experiment Station. 122 p.

Bonan, G.B. 1997. Effects of land use on the climate of the United States.
Climatic Change. 37: 449-486.

Bruce, J.P; Lee, H.; Haites, E. 1996. Climate Change 1995: Economic
and Social Dimensions of Climate Change. Contribution of Working
Group III to the Second Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press. 448 p.

Chapman, W. L.; Walsh, J. E. 1993. Recent variations of sea ice and air
temperature in high latitudes. Bulletin of the American Meteorologi-
cal Society. 74: 33—47.

USDA Forest Service Gen. Tech. Rep. RMRS—GTR-59. 2000.



Overview: Assessing the Impacts of Climate Change on U.S. Forests

Charlson, R.J.; Schwartz, S.E.; Hales, ]. M. [et al.]. 1992. Climate forcing
by anthropogenic aerosols. Science. 255: 423-430.

Clinton, W.J.; Gore, A. 1993. The Climate Change Action Plan. Washing-
ton, D.C. 101 p.

Cotton, WR,; Pielke, R.A. 1995. Human impacts on weather and cli-
mate. Cambridge, U.K.: Cambridge University Press. 185 p.

Crutzen, PJ.; Andreae Meinrat, O. 1990. Biomass burning in the tropics:
impact on atmospheric chemistry and biogeochemical cycles. Sci-
ence. 250: 1669-1678.

Dale, V.H. 1997. The relationship between land-use change and climate
change. Ecological Applications. 7(3): 753-769.

Deming D. 1995. Climatic warming in North America: Analysis of bore-
hole temperatures. Science. 268: 1576-1577.

Easterling, D.R.; Horton, B.; Jones, P.D. [et al.]. 1997. Maximum and min-
imum temperature trends for the globe. Science. 277: 364-37.

Foster, D.R.; Zebryk, T.; Schoonmaker, P.; Lezberg, A. 1992. Post-settle-
ment history of human land-use and vegetation dynamics of a Tsuga
canadensis (hemlock) woodlot in central New England. Journal of
Ecology. 80: 773-786.

Hick, D.J; Chabot, B.F. 1985. Deciduous forests. In: Chabot, B.E.; Mooney,
H.A., eds. Physiological Ecology of North American Plant Commu-
nities. New York: Chapman and Hall: 256-277.

Houghton, ].T,; Jenkins, G.J.; Ephraums, ].J., eds. 1990. Climate change.
The IPCC Scientific Assessment. Cambridge. U.K.: Cambridge Uni-
versity Press. 365 p.

Houghton, ].J.; Meiro Filho, 1.G.; Callander, B.A. [et al.]. 1996. Climate
change 1995. The Science of Climate Change. Contributions of Work-
ing Group I to Second Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, U.K.: Cambridge University
Press. 572 p.

IPCC 1991. Climate Change. The IPCC Response Strategies. Washing-
ton, D.C.: Island Press. 270 p.

Jacoby, G.; D"Arrigo, C.; Rosanne, D. 1995. Tree ring width and density
evidence of climatic and potential forest change in Alaska. Global
Biogeochemical Cycles. 9(2): 227-234.

Joyce, L.A., ed. 1995. Productivity of America’s Forests and Climate
Change. Gen. Tech. Rep. RM-271. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station. 70 p.

Joyce, L. A.; Birdsey, R.; Mills, J.; Heath, L. 1997. Progress toward an
integrated model of the effects of global change on United States
Forests. In: Birdsey, R.; Mickler, R.; Sandberg, D. [et al.], eds. 1997.
USDA Forest Service Global Change Research Program Highlights
1991-1995. Gen. Tech. Rep. NE-237. Radnor, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Forest Experiment Station:
93-96.

Joyce, L.A.; Fosberg, M.A_; Comanor, J. M. 1990. Climate change and
America’s Forests. Gen. Tech. Rep. RM-187. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Forest
and Range Experiment Station. 12 p.

Joyce, L.A,; Mills, J.R.; Heath, L.S. [et al.]. 1995. Forest sector impacts
from changes in forest productivity under climate change. Journal of
Biogeography. 22: 703-713.

Karl, T.R; Knight, R.W.; Easterling, D.R. [et al.]. 1996. Indices of climate
change for the United States. Bulletin of the American Meteorologi-
cal Society. 77(2): 279-292.

Kauppi, P.E; Mielkdinen, K.; Kuusela, K. 1992. Biomass and carbon
budget of European forests. Science. 256: 70-74.

Lassoie J.P; Hinckley T.M.; Grier C.C. 1985. Coniferous forests of the
Pacific Northwest. In: Chabot, B.F.; Mooney, H.A., eds. Physiological
Ecology of North American Plant Communities. New York: Chap-
man and Hall: 127-161.

USDA Forest Service Gen. Tech. Rep. RMRS—GTR-59. 2000.

Joyce and Birdsey

Magill, AH.; Aber, ]J.; Hendricks, J.J. [et al.]. 1997. Biogeochemical
response of forest ecosystems to simulated chronic nitrogen deposi-
tion. Ecological Applications. 7: 402—415.

Mitchell, ].EB.; Johns, T.C. 1997. On modification of global warming by
sulfate aerosols. Journal of Climate. 10: 245-267.

Myneni, R.B.; Keeling, C.D.; Tucker, C.J. [et al.]. 1997. Increased plant
growth in the northern high latitudes from 1981 to 1991. Nature. 386:
698-702.

Neilson, R.P. 1998. Simulated changes in vegetation distribution under
global warming. Appendix C. In: Watson, R.T.; Zinyowera, M.C,;
Moss, R.H. (eds.). The Regional Impacts of Climate Change: an
Assessment of Vulnerability. Cambridge, U.K.: Cambridge Univer-
sity Press: 441-456.

Nobre, C.A.; Sellers, PJ.; Shukla, J. 1991. Amazonian deforestation and
regional climate change. Journal of Climate. 4(10): 957-988.

Oechel, W.C; Hastings, S.J.; Vourlitis, G. [et al.]. 1993. Recent change of
Arctic tundra ecosystems from a net carbon dioxide sink to a source.
Nature. 361: 520:523.

Pielke, R.A.; Lee, T.J.; Copeland, J.H. 1997. Use of USGS-provided data
to improve weather and climate simulations. Ecological Applica-
tions. 7(1): 3-21.

Pitman, A.].; Henderson-Sellers, A.; Desborough, C. E.; [et al.]. 1999. Key
results and implications for phase 1(c) of the Project for Intercompar-
ison of Land-surface Parameterization Schemes. Climate Dynamics
15: 673-684.

Price, MLE. 1991. An assessment of patterns of use and management of
mountain forests in Colorado, USA: implications of future policies.
Mountain Research and Development 11: 57-64.

Schimel, D.; Alves, D.; Enting, I. [et al.] 1996. Radiative forcing of climate
change. Chapter 2. In: Houghton, J.J.; Meiro Filho, 1.G.; Callander,
B.A. [etal.], eds. 1996. The Science of Climate Change. Contributions
of Working Group I to Second Assessment Report of the Intergov-
ernmental Panel on Climate Change. Cambridge, U.K.: Cambridge
University Press. 69-131.

Schimel, D.; Melillo, ].M.; Tian, H. [et al.]. 2000. Contribution of increas-
ing CO, and climate to carbon storage by ecosystems in the United
States. Science 287: 2004-2006.

Schlesinger, M.E.; Zhao, Z. 1989. Seasonal climatic changes induced by
doubled CO2 as simulated by the OSU atmospheric GCM/mixed-
layer ocean model. Journal of Climate. 2: 459—-495.

Tett, S.EB.; Johns, T.C.; Mitchell, J.EB. 1997. Global and regional vari-
ability in a coupled AOGCM. Climate Dynamics. 13: 303-323.

U.S. Department of Agriculture, Forest Service. 1989. RPA Assessment
of the Forest and Rangeland Situation in the United States—1989.
Forest Resource Report No. 26. 72 p.

U.S. Department of Agriculture, Forest Service. 1994. RPA Assessment
of the Forest and Rangeland Situation in the United States—1993
Update. Forest Resource Report No. 27. 75 p.

U.S. Department of Energy (coord.). 1994. The Climate Change Action
Plan: Technical Supplement. United States Department of Energy,
Office of Policy, Planning, and Program Evaluation, Washington,
D.C. 148 p.

Watson, R.T.; Zinyowera, M.C.; Moss, R.H. 1996. Climate change 1995.
Impacts, Adaptations and Mitigation of Climate Change: Scien-
tific-Technical Analyses. Contributions of Working Group II to the
Second Assessment Report of the Intergovernmental Panel on Cli-
mate Change. Cambridge, U.K.: Cambridge University Press. 878 p.

Watson, R. T.; Zinyowera, M.C.; Moss, R.H. (eds). 1998. The regional
impacts of climate change: an assessment of vulnerability. A special
report of IPCC Working Group II. Cambridge, U.K.: Cambridge Uni-
versity Press

17



	Introduction
	The Synthesis of Scientific Information
	Understanding the Dynamics of Climate
	Predicting Future Climates and the Vegetation Response
	Impact of Climate Change on Forests, Wood Products, and Carbon
	Acknowledgments
	Literature Cited



