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Climate Change, Carbon, and Forestry

Forest resource issues have been on the front page of newspapers in northwestern North America for the
past two decades. Superimposed on the complexity of managing ecosystems is growing concern about
increasing temperatures and other aspects of changes in the atmospheric environment. Managers of
public and private forestlands face increasing pressures to include climate change issues, particularly the
disposition of carbon, in long-term management plans. Management, economic and policy approaches to
carbon flows in natural resources are evolving rapidly.

The workshop on Climate Change, Carbon, and Forestry in Northwestern North America — convened on
Orcas Island, Washington, November 13-15, 2001 — was an opportunity for scientists, resource
managers, planners, and policy makers in the Northwest to learn about and discuss prominent issues
related to climate change and carbon in forest ecosystems. Workshop participants developed a common
understanding of the state of science, and developed approaches for incorporating carbon allocation in
forest management and planning.

A summary of major conclusions and inferences developed by workshop participants is attached. Any
comments or questions regarding this document may be directed to:

Dr. David Peterson, USDA Forest Service, Pacific Northwest Research Station
206-732-7812, peterson@fs.fed.us, wild@u.washington.edu

Dr. John Innes, Faculty of Forestry, University of British Columbia
604-822-6761, innes@interchg.ubc.ca

Workshop Agenda
Wednesday, November 14, 2001

Welcome and introductions

Session 1. The Climate Change and Policy Context, Chair - David Spittlehouse
Best Guesses About Global and Regional Climate Change - Philip Mote
Beyond the Kyoto Protocol: Options and Strategies - Edward Miles
Panel Discussion

Session 2: Storing Carbon in Forests, Chair - Richard Bigley
Forest Management Strategies for Carbon Storage - Mark Harmon
Detecting Regional Trends in Carbon Storage - David Wallin

Economic Analysis of Carbon Storage Strategies - John Perez-Garcia
Panel Discussion

Adjourn - posters available for viewing

Thursday, November 15, 2001

Session 3: Techniques and Institutions for Managing and Storing Carbon, Chair - Robert Dick

Life Cycle Analysis of Wood Products and Carbon - Robert Kozak, Chris Gaston

An Institutional Framework for Carbon Credits and Trading Systems - Gary Bull, Ann Wong, and Zoe
Harkin

A Model Forest Carbon Transaction: Principles and Policy Framework - Michelle Passero

How Do You Retire Forest Carbon Credits? Permanence and Leakage - Gordon Smith

Panel Discussion

Participating in a Marketplace for Carbon - Aldyen Donnelly

Linking Science, Planning and Technology with Policy - Ralph Alig

Panel Discussion

Summary Discussion, Chairs - John Innes, David Peterson

Adjourn
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Proceedings Introduction: Managing Forests in a Greenhouse World
— Context and Challenges

John L. Innes® and David L. Peterson?

1Department of Forest Resources Management, Faculty of Forestry, The University of British Columbia,
Forest Sciences Centre, #2045 - 2424 Main Mall, Vancouver, British Columbia, Canada V6T 124

2USDA Forest Service, Pacific Northwest Research Station, 400 N. 34th Street, Suite 201,
Seattle, WA 98103, USA

Abstract

Interactions between forests, climatic change and the Earth’s carbon cycle are complex and represent a
challenge for forest managers — they are integral to the sustainable management of forests. In this
volume, a number of papers are presented that describe some of the complex relationships between
climate, the global carbon cycle and forests. Research has demonstrated that these are closely
connected, such that changes in one have an influence not only on the other two, but also on their
linkages. Climatic change represents a considerable threat to forest management in the current static
paradigm. However, carbon sequestration issues offer opportunities for new techniques and strategies,
and those able to adapt their management to this changing situation are likely to benefit. Such changes
are already underway in countries such as Australia and Costa Rica, but it will probably take much longer
for the forestry sector in the Pacific Northwest region of North America (encompassing Oregon,
Washington, Montana, Idaho, British Columbia and Alaska) to change their current practices.

Climatic Change

Climate is dynamic and is always changing. Around 15,000 years ago, much of the northern half of North
America was covered by ice sheets; today only tiny remnants remain. Several sources of information,
including both direct measurements and proxy evidence, have revealed that temperatures in the
northwest of North America are increasing. Mote (this volume) reviews what we know about recent
changes in the climate of the Northwest. During the 20th century, average annual temperature warmed
by 0.6°C on the coast of British Columbia, 1.1°C in the interior and 1.7°C in the northern part of the
province (Mote 2003). The temperature changes recorded in, for example, Fort St. James in British
Columbia during the 20th century match very closely in pattern the changes in sea-surface temperatures
recorded globally (Coulson 1997). These changes are reflected in the number of growing degree days,
which increased by 16 percent in northeast British Columbia, by 13 percent on the Coast and in the
southern interior, and by 5 percent in the central interior. Lakes and rivers are becoming ice-free earlier
in the year, and the water temperatures of the Fraser River have increased. A number of glaciers in
British Columbia (Brugman et al. 1997) and northern Washington (Granshaw 2002) have shrunk in size.
Precipitation in southern British Columbia has been increasing by 2 to 4 percent per decade, primarily in
the winter, and a 50 percent increase has been recorded in northeastern Washington and southwestern
Montana during the 20th century.

By 2100, temperature increases of between 1.4°C and 5.8°C relative to 1990 are expected. Globally, the
Intergovernmental Panel on Climate Change (IPCC 2001) predicted higher maximum temperatures (very
likely), higher minimum temperatures (very likely), reduced diurnal temperature ranges (very likely), more
intense precipitation (very likely, over many areas), and increased risk of drought (likely, in mid-latitude
continental interiors). The actual nature of climatic change at a particular site will depend on a variety of
local factors, and considerable efforts have gone into downscaling the results of global models to
individual regions. Such downscaling is considerably more difficult in mountainous areas, with clear
implications for northwestern North America.



Carbon and Climatic Change

Relationships between global atmospheric concentrations of carbon dioxide (CO,) and various human
activities have been examined in detail by IPCC (2001). Atmospheric concentrations of CO, have
increased over the past 150 years, from a pre-industrial mean concentration of 280 ppmv to a mean
concentration in 2000 of 367 ppmv, representing an increase of 176 Gt of carbon between 1850 and
1998. Between 1850 and 1998, ca. 270 Gt of carbon were released into the atmosphere from fossil fuel
burning and cement production. An additional 136 Gt of carbon came from land-use change, mainly
forest ecosystems. Thus, almost one third of the total increase in atmospheric CO, between 1850 and
1998 was the result of land-use change, mostly deforestation. To place these figures in perspective,
natural emissions of CO, today amount annually to 50 Gt of carbon from vegetation, 60 Gt of carbon from
soils, and 102 Gt of carbon from the oceans.

Evidence for the increase in CO, concentrations comes from the CO, concentrations in the air trapped in
glaciers and ice sheets, together with detailed measurements carried out in Hawaii since the mid 19th
century (Keeling et al. 1989). These measurements indicate that atmospheric concentrations of CO, are
increasing steadily, which is why so much concern has been expressed about reducing or even halting
the rate of increase.

There is a strong consensus among scientists that increased atmospheric CO, concentration is linked to
climatic change. The IPCC states in its 2001 report that: “There is new and stronger evidence that most
of the warming observed over the last 50 years is attributable to human activities.” This consensus is
based on a number of lines of evidence. CO, is a recognized greenhouse gas, meaning that molecules
present in the atmosphere absorb heat. Other greenhouse gases are also present in the atmosphere
(e.g., methane, chlorofluorocarbons, water vapor), and some of these are capable of absorbing more heat
per unit mass than CO..

The impact of greenhouse gases on the atmosphere is measured using an index known as the Global
Warming Potential (GWP), which relates the ability of the gas to absorb heat and its lifetime in the
atmosphere. CO, has a GWP of 1, with most other gases having higher GWPs. For example, methane
has a GWP of 21, whereas sulfur hexafluoride (SF¢), which is released in relatively small quantities, has a
GWP of 23,900. Despite its low GWP score, the quantities of CO, present in the atmosphere make it by
far the most important of the greenhouse gases, and responsible for 60 percent of the radiative forcing
that occurred between 1750 and 2000. In British Columbia, 80 percent of greenhouse gas emissions
consist of CO,, with the next most important gas being methane (CH,), representing 14 percent of
emissions. Global models are increasingly successful at reproducing the observed trend in mean sea
surface temperatures over the past 100 years, suggesting that the role of greenhouse gases has been
adequately incorporated among the various forcing factors affecting global temperature.

Forests and Carbon

The rise of global concentrations of atmospheric CO, can be directly attributed to the burning of fossil
fuels and to changes in land use. One ton of CO, contains 0.27 tons of carbon, and there are
approximately 0.47 tons of carbon in a cubic meter of wood. One ton of carbon is equivalent to 3.7 tons
of CO,. Consequently, the burning of a cubic meter of wood will release ca. 1.7 tons of CO,. While over
the longer term (the last 150 years), a third of the total CO, emissions has come from land use change,
more recently, the burning of fossil fuels has made an even greater contribution, with 75 percent of
anthropogenic emissions of CO, over the last 20 years being from fossil fuels.

Land-use change is responsible for the release of between 1 and 2 Gt of carbon annually. This is about
25 percent of total emissions over the last 20 years. By 2050, more than 650 million ha of forest will be
lost, resulting in emissions of >75 Gt of carbon. Some of these losses could be reduced, and a positive
land management strategy aimed at increasing the amount of carbon stored in forests could have a
significant effect on global CO, dynamics. For example, the 1995 report of IPCC (1996) stated that



forestry as a mitigation strategy could realistically reduce cumulative net anthropogenic emissions over
the next 50 years by >70 Gt of carbon.

Recent simulation modeling results indicate that longer rotation length and other silvicultural practices
may increase the potential for carbon sequestration in Northwest forests (Harmon and Marks 2002),
although there are many uncertainties and assumptions involved in quantifying the long-term potential of
forests to contribute to carbon storage (de Jong 2001). The greatest source of scientific disagreement is
related to the magnitude of carbon storage on site, typically in older forests, woody debris, and soils,
versus the rate of carbon uptake, which is typically much higher in productive young forests. Additional
empirical data on Northwest forests and wood products are needed to quantify carbon pools in biomass
and products, which will inform science-based management strategies and economic analyses (Alig et al.
2002).

Forests and Climatic Change

Forests respond to both short-term and longer-term variations in climate, and in northwestern North
America, decadal variations in climate are strongly influenced by the Pacific Decadal Oscillation (PDO).
Near the upper treeline, where trees are not typically constrained by summer moisture stress, growth is
positively correlated with the PDO; positive PDO periods have lighter snowpack and an earlier start to the
high-elevation growing season (Peterson and Peterson 2001, Peterson et al. 2002). However, at lower
elevations where summer moisture stress limits productivity, growth is negatively correlated with PDO;
warm dry winters and light snowpack associated with positive PDO increase summer drought stress.

A number of phenomena have already been observed that suggest that Canadian and southern Alaskan
forests are responding to recent warming. These include increases in boreal forest productivity,
accelerated seasonal development of some insects, changes in the distribution of insect pests, and
provenances from slightly warmer areas out-competing local provenances.

Predicting future change in forest ecosystems is difficult because of the poor understanding of basic
physiological mechanisms. We know that summer moisture stress is important throughout the region, at
least at most lower elevation sites, but there is uncertainty over how the water-use efficiency of trees will
change as a result of continuing CO, enrichment. This is so poorly understood that it is difficult to predict
the direction of forest change (positive or negative) as a result of future warming. However, likely effects
include changes in productivity, nutrient cycling, water quality, carbon storage, trace gas fluxes, tree
composition, and biodiversity. Changes in the composition of forests are likely (Spittlehouse 1996,
Zolbrod and Peterson 1999, Bachelet et al. 2001), with one impact being the disruption of the current
forest classification systems in British Columbia (biogeoclimatic zones) and the northwestern United
States (forest associations, series, and habitat types), the basis for much of the forest management in the
region.

The ability of natural populations to adapt to new climatic conditions depends on the amount of genetic
variation for traits under selection, rate of climatic change (selection intensity), generation length, and rate
of population migration and gene flow. While high levels of genetic diversity in most tree species will
support this process in the long term, there may be several generations of reduced productivity in the
interim due to rapid rates of climatic change. There is also a question of resilience. Once established,
stands may have substantial ability to buffer themselves against climatic variation, so structure and
composition may not be directly affected. However, ecological disturbance, such as fire, insects and
disease, may set back the forest to an establishment phase, when the trees appear to be most sensitive
to adverse environmental conditions.

Climatic change could have a number of other impacts, including plantation failures due to poor
adaptation, extreme climatic events, increased insect and disease problems, unacceptable levels of
mortality, altered productivity, and loss of wood quality. Some of these factors interact — the increase in
productivity of boreal forests that has already been recorded may be accompanied by a (so far
unreported) decrease in the pulping qualities of the wood. The faster growth of forests could, in theory,
increase the supply of wood, thereby depressing prices and making forestry in the region less



economically viable. Given that fire exclusion, selective removal of large trees, and intensive grazing
have created a dense mixed forest overstocked with shade-tolerant pines and firs in some areas, the
risks of major insect outbreaks, disease and large fires may become significant (McKenzie et al. 2004).

Responses in the Forestry Community

There have been a number of high-level policy initiatives that have taken into account the actual or
potential effects of climatic change on forests. The background to the policy changes that have occurred
are described by Miles (this volume).

The Montreal Process

As early as 1993, the importance of the maintenance of global carbon cycles was recognized as a
criterion of sustainable forest management in the Montreal Process. Criterion 5 relates specifically to the
maintenance of forest contribution to global carbon cycles. The Montreal Process and its ensuing
Santiago Declaration (in 1995) cover 90 percent of the world’s boreal and temperate forests, including
those in Canada and the United States. These countries have stated their commitment to managing
forests in a way that maintains the forests’ contribution to global carbon cycles.

The Kyoto Protocol to the Framework Convention on Climate Change

Miles (this volume) describes the policy implications of the Kyoto Protocol. The Framework Convention
on Climate Change (FCCC) was signed by 166 countries by June 1993, and came into force as of 21
March 1994. The aim of the Convention is the “stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.”
The stabilization level is not specified, but the Convention states that: “Such a level should be achieved
within a time-frame sufficient to allow ecosystems to adapt naturally to climatic change, to ensure that
food production is not threatened and to enable economic development to proceed in a sustainable
manner.” The way in which this stabilization will be achieved has been the subject of intense debate, and
eventually, a new agreement known as the Kyoto Protocol suggested ways in which governments could
act to reduce emissions of six greenhouse gases.

Article 3.3 of the Protocol states that “Certain activities that cause net changes in greenhouse gas (GHG)
emissions through direct human induced land-use change and forestry, limited to afforestation,
reforestation and deforestation, may be used in the calculation of emission targets.” The type of land-use
options that are considered include direct emissions reductions from deforestation, urbanization, and
other land management practices; sink enhancements through expanding reservoirs of carbon stored in
biomass, soils and wood products; and fossil fuel substitution through substituting biomass for fossil fuel-
intensive energy and construction products. Some of the different systems are described by Smith (this
volume).

In Canada, the forest products industry is responsible for 40 percent of energy consumed by the
manufacturing sector but only 12 percent of CO, emissions (because CO, emissions from biofuels are not
counted in greenhouse gas inventories). Most energy (90 percent) is used by the paper and related
products industry. However, increased efficiency, replacing fossil fuel energy with biomass energy, and
the use of less greenhouse gas intensive fuels (e.g., natural gas instead of bunker oil) have resulted in
significant gains. For example, Avenor Inc. (British Columbia) in Gold River reduced emissions from 226
to 75 kt CO;, yr'1 (before the mill was closed down). Fletcher Challenge (also British Columbia) reduced
emissions from 997 to 523 kt CO, eq yr'1, and Canadian Forest Products reduced emissions from 530 to
498 kt CO, eq yr' (equivalent to reducing emissions by 47 to 39 kt CO, eq 10 bdft).

Implications for Resource Managers
Although climatic change has profound implications for forestry, especially in northwestern North America,

forest managers and policy makers have paid remarkably little attention to the phenomenon, reflecting a
short-term view that is inconsistent with the sustainable management of forests. Failure to account for



climatic change in long-term management suggests that the majority of forests in Canada and the USA
are not being managed sustainably. A large amount of information on climate and carbon is available, yet
it is rarely used in the preparation of management plans.

One possible reason is the argument that climatic change is not considered a certainty. After the
scientific fiasco of acid rain and forest decline in the 1980s in central Europe and eastern North America,
forest managers are justifiably wary of predictions of impending ecological problems. However, the
evidence of climatic change is overwhelming; it is the causes of these changes that are disputed. A more
likely reason for the failure to account for climatic change is uncertainty over what actions to take, and a
considerable degree of comfort in maintaining the status quo. This is particularly true in Canada, where
forestry has yet to emerge fully from the paradigm of an extractive industry based on short-term revenues.
In contrast, forestry on public holdings in the United States has changed considerably during the past 20
years, with relatively little timber now being cut on federal lands and a greater emphasis on habitat and
other non-timber resources. This latter situation should be more compatible with implementation of
carbon management strategies.

While presenting a threat to forest management, climatic change also presents opportunities. As
discussed above, some jurisdictions have already taken advantage of the opportunities offered by carbon
trading. However, the forestry sector in the Pacific Northwest has been slow to address the potential
opportunities. Perez-Garcia et al. (this volume) provide details of how carbon storage could provide
economic incentives for the maintenance of forest riparian management areas in Washington. This case
study neatly illustrates the potential for managers to take advantage of financial opportunities. As Alig
(this volume) points out, the amount of carbon released from forests could be reduced in a number of
ways, including reducing the rate of conversion of forest land to other forms of land use, reducing the
amount of biomass that is burned, and setting aside forested areas from harvesting. The amount of
carbon stored in forests could be increased by afforestation of unforested lands, the use of short-rotation
woody crops (particularly as a substitute for fossil fuels), and enhancing forest management.

In some countries, this has provided major incentives to change practices. For example, the Enocell Pulp
Mill at Uimaharju in Finland produces excess heat by utilizing process wastes as fuel. Considerable
interest has been shown in generating power from biomass, with the IGCC plant at Varnamo in Sweden
being one of the first biomass gasification plants. While considerable advances have been made in
Europe, similar advances in North America are less evident. However the Forest Forever Fund, run by
the Pacific Forest Trust, provides an example of what is possible. This fund aims at “improving” forest
management and has the objective of increasing carbon sequestration in a coast redwood stand in
California by 65,400 tons of carbon by 2095. This is being achieved by increasing older age stands,
reducing soil carbon losses, and restoring natural forest composition. The management goals are
accomplished through the acquisition of restricted rights from an owner in the form of a conservation
easement held by the Pacific Forest Trust. This easement guides forest management, and the project
pays the opportunity costs of the foregone harvest. The potential role of conservation easements is
examined by Wayburn and Passero (this volume).

Some of the most significant developments have occurred in Australia, where the concept of carbon
trading has become particularly advanced. Many of the issues surrounding this are discussed by Bull et
al. (this volume). Despite the uncertainties, steps have been taken in a number of jurisdictions to develop
carbon trading. In June 1998, New South Wales State Forests together with Bankers’ Trust and the New
South Wales Treasury developed a forest-carbon investment memorandum for worldwide marketing. It
provided an 8-10 percent return and carbon credits. Strategic agreements were established with Pacific
Power and Delta Energy. Pacific Power purchased 4500 tons of carbon rights from 1000 ha of
eucalyptus hardwood plantations established by New South Wales State Forests on former pasturelands.
They have first right of refusal to extend to a cumulative total of 54,000 tons of carbon. Delta Energy
entered into a Softwood Plantation Deed with State Forests, purchasing 5775 tons of carbon rights over
30 years. The project involved 41 ha of Monterey pine (Pinus radiata) plantations, planted and managed
by State Forests on Delta Energy pasturelands. These developments are supported by research and
monitoring efforts into proper carbon accounting (Keenan 2002) in a coordinated program that could
usefully be emulated in the Pacific Northwest.



There are a number of practical considerations when looking at potential forest-related carbon
sequestration projects. Proposed actions must be supplemental to what would have happened without
the project. In other words, carbon credits are not awarded for continuing to manage a forest in the same
way, even if there is substantial sequestration. The benefits from the project must be reliable and long
term, and it must be possible to quantify, monitor, and verify the project’s benefits accurately. There
must also be significant co-benefits, such as conservation of biodiversity or the provision of employment.
Most of these requirements are not usually a problem for forestry projects. However, one must determine
if a particular project has sequestered carbon beyond what would have occurred without the project. An
additional concern for forestry projects is known as leakage, in which gains in one area are essentially
offset by losses in another. This means that the benefits could be reduced by indirect and feedback
effects occurring outside the project’s boundaries.

Future Management

There is growing recognition in northwestern North America that forested landscapes need to be
managed for multiple services. One of the services that forests provide is carbon storage. The use of
forests as a carbon sink has become embroiled in the politics surrounding the mechanisms by which
countries can meet their commitments under the Kyoto Protocol. Environmental groups and many
countries (particularly in Europe) argue that CO, emissions should be reduced, rather than forests being
used to temporarily relieve the rate of increase in atmospheric CO, concentrations. However, these
political considerations are of little direct concern to the individual forest manager, except if payment can
be made for carbon credits. Instead, forest managers should consider carbon management as just one of
a range of ecosystem services for which they can manage and from which they can potentially benefit.
The problems this presents for decision makers is discussed by Alig (this volume).

There are a number of steps that a forest manager can take to reduce the potential impact of climatic
change on forested landscapes, thereby managing carbon more effectively. A key concern is to avoid
large-scale releases of carbon. These usually occur following major disturbances. Controls on the nature
and distribution of clearcuts, along with restrictions on slash burning, mean that human-caused
disturbances are now more likely to be medium scale than large scale. However, climatic change may be
associated with an increase in large-scale disturbances. The recent outbreak of mountain pine beetles
(Dendroctonus frontalis) in the interior of British Columbia is consistent with a warmer climate, combined
with the poor management of the seral stage distribution of forests. The bark beetles are normally limited
by extreme winter temperatures, a factor that has been alleviated by recent increases in minimum winter
temperatures (Mote 2003).

Similarly, extreme fire seasons in western North America since 2000, associated with prolonged summer
drought, are consistent with warmer, drier summers predicted for much of this area (McKenzie et al.
2004). Some of these fires may have been worsened by fuel accumulation following decades of fire
exclusion. National parks in the United States pioneered widespread use of prescribed fire to reduce
fuels, and similarly in Canada, the federal national parks are leading the way in prescribed fire. The
USDA Forest Service is currently focusing on national strategies, such as the National Fire Plan, to
address fuel accumulations and to develop science-based strategies for thinning and burning (Peterson
et al., in press). However, the size of the land areas for which fuel reductions are needed is much larger
than can be practically addressed under current regulatory constraints.

There are a number of steps that can be taken by forestry authorities and individual forest managers.
These include increasing the distance of permitted seed transfers, allowing seed transfers from warmer to
cooler environments. For example, the Red Rock provenance trial south of Prince George, British
Columbia, is showing clear evidence that provenances from more southerly locations are out-competing
local provenances, as are other trials. Long-term growth estimates need to be adjusted to take into
account both climatic change and increasing CO, concentrations (which may have a temporary or long-
term fertilizing effect).



Forest management at large spatial scales needs to more effectively account for large-scale disturbance
(Lertzman and Fall 1998, Peterson and Parker 1998). Many areas are already planning “fire-safe”
landscapes, a principle that could be extended more widely in the dry forests of northwestern North
America. In intensively managed areas, there is a need to restore forest structure and composition,
although reference conditions for restoration are uncertain, given the dynamic nature of forests.
Individual stands need to be managed better to reduce drought stress and to reduce their susceptibility to
fire and to insect infestation. This implies appropriate management of stand density to maintain high
vigor.

Some steps taken by forest products companies to reduce emissions of CO, have been described above.
However, it is also important to consider the fate of forest products. Kozak and Gaston (this volume)
describe the importance of life cycle analyses of forest products. This technique enables the
environmental costs of different products to be compared, and places each product in the correct context
of the total amount of carbon used to generate it. It is clear that wood could be used in many more
products than is currently the case. Aggressive marketing campaigns, combined with the inertia of the
forest products sector in the Northwest, mean that it is difficult for new products and other innovations to
be introduced to the market place. While changes to products could be made, the lack of investment in
this sector limits market expansion. Similarly, low investment in research and development is hindering
the development of new products, some of which might help the sector move out of its current depressed
state.

Finding Ideas and Solutions in the Northwest

During the past 20 years or so, a substantial of amount of ecological information on climatic change,
carbon cycling, and forests has been published (e.g., Rosenberg et al. 1999, Karnosky et al. 2001, Lal
2001, Kimble et al. 2003). Most of the applications of this information in forest management are occurring
in Europe and developing countries rather than in Canada and the United States. While implementation
typically lags considerably behind scientific discovery, especially in natural resources, this problem
appears to be particularly acute in the forestry sector. It is surprising that in the Pacific Northwest, the
second most productive forest region in North America, opportunities for linking climatic change, carbon,
and forest management have not been more assertively addressed.

In our experience, even progressive managers of forests and forest products industries are surprisingly
uninformed on the scientific data about climatic change and forests, and are reticent to incorporate these
data into management strategies. Their hesitation to use these data may stem in part from the perceived
lack of economic incentives to do so, as well as the absence of policy imperatives that focus attention on
climatic change. The forestry sector clearly has the potential to address this critical environmental issue,
given the rapidity with which principles of sustainability and certification — once considered too
constraining — are being incorporated on federal and commercial forest lands in Canada and the United
States. One recent sign of change is in British Columbia, where foresters are now required to take more
responsibility for their actions under the new Forest and Range Practices Act, with requirements for using
recent scientific information. Similarly, the Washington Department of Natural Resources recently
announced that it will include carbon sequestration as a component of broader objectives in management
of state forests.

As a means of advancing the exchange of information and ideas on climatic change, carbon, and forestry
in the Northwest, a group of scientists, forest managers, and agency personnel from British Columbia,
Washington, and Oregon met in November 2001 on Orcas Island, Washington. Their discussions
resulted in several state-of-science summaries and in recommendations for policy makers in northwestern
North America. This proceedings document is the product of their deliberations. It is our hope that this
work will result in increased focus on the role of the forestry sector in addressing climatic change and
carbon management in northwestern North America.
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How and Why is Northwest Climate Changing?
Philip Mote

JISAO/SMA Climate Impacts Group, Box 354235, University of Washington, Seattle, WA 98195
Abstract

A strong consensus among climate scientists has emerged on key aspects of global climate change:
humans have unquestionably altered the composition of the atmosphere in significant ways, there has
been an increase in global average temperature of 0.6°+0.2°C in the past 100 years, and this increase in
temperature is probably caused in part by the atmospheric changes wrought by humans. Global average
precipitation has increased slightly. In the Pacific Northwest, changes in temperature (+0.8°C) and
precipitation (+14 percent) exceeded the global average in the 20" century. In the future, the
accumulation of greenhouse gases is expected to lead to further globally averaged warming of 1.4-5.8°C
by 2100, with moderate (at the low end) to dramatic (at the high end) consequences for humans and
global ecosystems. The uncertainty in this wide range of estimates stems about equally from uncertainty
about natural feedbacks in the climate system and from estimates of future socioeconomic change. For
the Northwest, eight climate models project a regional warming of 1.5 — 3.2°C by the 2040s, with modest
increases in winter precipitation. Climate change is expected to continue beyond the 2040s and probably
even beyond 2100.

Introduction

Global climate change has received considerable attention recently owing to international efforts to
reduce greenhouse gas emissions and to high-profile scientific advancements. This paper reviews the
science of global climate change and the possible regional climate changes.

The “greenhouse effect” refers to a natural process in which certain gases (water vapor, CO,, and
methane are the most important) allow the sun’s radiant energy to pass through the atmosphere, but
absorb the radiant energy that Earth emits at lower wavelengths. This leads to a natural warming of the
Earth. Fluctuations in the composition of the Earth’s atmosphere on geologic timescales have produced
vastly different climates — 100 million years ago, Earth was so much warmer that alligators lived in what is
now Siberia, and the CO, content of the atmosphere was probably four to eight times present levels
(Kump et al. 1999, Prentice et al. 2001). Throughout Earth’s history, the natural warming of the
greenhouse effect has kept the planet warm enough to sustain life. What is unusual now, however, is the
rate at which CO, and other greenhouse gases are increasing.

In the last 150 years or so, humans have enhanced the natural greenhouse effect by increasing the
quantities of key greenhouse gases. CO; has increased 32 percent because of burning fossil fuels and
reducing forested area, and methane has increased by 151 percent through agriculture (chiefly cattle and
rice paddies) and other human sources (Prentice et al. 2001). Other greenhouse gases have also
increased, including some (CF4, C,Fg, and SFg) whose human sources exceed natural sources by a
factor of 1,000 or more, and some (e.g., the chlorofluorocarbons) that have no natural sources at all
(Prather et al. 2001). In the global mean, CO, accounts for 60 percent of the radiative forcing by
greenhouse gases, and methane 20 percent (Ramaswamy et al. 2001). Water vapor is also a
greenhouse gas, but its influence is considered a response (positive feedback) of the climate system
rather than as a separate forcing.

Observed Global Climate Change

Two key questions arise from the increase in greenhouse gases: (1) is the planet warming? and (2) can
we rule out natural causes for recent climate change? These two questions are answered in this section,
drawing heavily on the assessment reports by the Intergovernmental Panel on Climate Change, or IPCC.
The IPCC was created in 1988 and has issued major reports in 1990, 1996, and 2001 (the first, second,
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and third assessment reports). Much of what is presented below comes from the first volume of the
IPCC'’s third assessment report. This comprehensive report was written by over 650 scientists who
volunteered considerable time over a period of three years to write the report, and was reviewed by 300
additional scientists (IPCC 2001). The IPCC assessments constitute the most comprehensive,
authoritative statement about the state of the science of climate change. The interested reader is strongly
urged to consult the IPCC “Summary for Policymakers” (see literature cited).

The IPCC answered affirmatively to both of the questions posed in the previous paragraph.
Is the Planet Warming?

In answering yes to this question, the IPCC stated that “An increasing body of observations gives a
collective picture of a warming world and other changes in the climate system.” Evidence marshaled
included the following:

* Global average surface temperature has increased by 0.6°+0.2°C during the 20" century;

* Snow cover has decreased by about 10 percent since the late 1960s;

* Most mountain glaciers retreated during the 20" century;

» Sea ice extent and thickness have decreased since the 1950s; and

* In addition (Cayan et al. 2001), since about 1950 the timing of spring, as marked by blooming or
leafing-out dates of various plants, has advanced in much of North America.

The warming in the 20" century (figure 1a) did not proceed smoothly, but rather in two stages: one from
1910 to 1945 and one since 1976, with temperatures relatively constant at other times. This figure
prompts a crucial question: was the warming natural or man-made?

Can We Rule Out Natural Causes?

Natural causes of climate change include solar variations, volcanic eruptions, and the redistribution of
heat by the oceans. In answering this more complicated question about the cause of warming, scientists
have taken different approaches. One approach is to examine past climate and determine whether the
warming of the late 20" century is unusual. Scientists have carefully reconstructed temperatures in the
Northern Hemisphere back to A.D. 1000 (figure 1b) from tree rings and corals and other “proxy” data
(e.g., Mann et al. 1999), and two things about recent climate stand out: (1) the 20™ century warming
appears to be the largest of the millennium, and (2) the 1990s are likely the warmest decade of the
millennium.

The second approach (Mitchell et al. 2001) is to simulate global temperatures (figure 2) with a climate
model* while introducing various forcings, typically solar variations, volcanic eruptions, and human
contributions (greenhouse gases and aerosols). When forced by natural causes alone (figure 2a), climate
models can generally reproduce the warming from 1910 to 1945, but they cannot reproduce the warming
since the mid-1970s. Only when the increase in greenhouse gas concentrations is included can the
models reproduce the late-20" century warming. That human influence on climate would emerge later in
the century is consistent with the observation that CO, and most other greenhouse gases have risen far
more in the last 40 years than in the previous 100 years (Prentice et al. 2001, Prather et al. 2001).

Another approach (Mitchell et al. 2001, and references therein) is to compare the spatial pattern of
warming as observed and as simulated by climate models with the observed increase of greenhouse
gases. The pattern early in the century does not resemble the pattern expected from increasing
greenhouse gases, and hence was probably natural. By contrast, the pattern of warming late in the
century does resemble the pattern expected from increasing greenhouse gases. This underscores the

‘A climate model is an elaborate computer program that simulates the Earth’s atmosphere and 