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This paper is commissioned by the Consultative Group on Biological Diversity, with 
Kristen Bole as the collaborating author. This is one in a three-part series of translation 
papers addressing climate change and its impacts on oceans, forests, and human and 
wildlife health. 
 
ABSTRACT 
 
This paper provides a forestry perspective on climate change, outlining the climate’s 
impact on the forests and waters of North America and their ecosystems. The cumulative 
body of scientific research indicates that climate change is already affecting the 
continent’s forests by shifting their locations, fostering greater infestations by pests, 
increasing their fire susceptibilit y, inundating coastal forests, endangering wildli fe, 
changing migration patterns and causing an overall l oss of biodiversity. These changes, in 
turn, will have a range of negative economic consequences, among them loss of jobs in 
the forest products industry, greater struggles over water rights, shifting centers of 
agricultural production, further declines in polli nators for crops and dwindling 
possibiliti es for outdoor recreation and tourism. The paper highlights diverse 
opportunities for funders to use these interconnections to engage the public, encourage 
partnerships and support effective action by influencing more productive policies and 
practices.  
 
INTRODUCTION 
 
Forests play an integral role in North American culture, natural resources and economics. 
Comprising one-third of the United States’ land mass1 and 45 percent of Canada’s, 
forests provide a wide array of benefits. These range from habitat for the insects that 
polli nate our crops to oases for hikers to the lumber, pulp, and paper industries that 
employ 1.7 milli on people and contribute nearly $300 billi on annually to North American 
economies.2, 3 Forest waters also provide drinking water, habitat for fish, recreation and 
irrigation. 
 
Those forests have been at risk for years due to unsustainable use, pollution and 
encroaching development. Now, the body of scientific research shows they are also in 
peril from a much larger danger: climate change. 
 
There has been great dispute over the “what ifs” of climate change, ranging from whether 
human intervention ended the Little Ice Age in the late 1800s (ostensibly a positive 
development), to the validity of projection models going forward. The rate of change 
over the next 100 years is also debated, with estimates of average global temperatures 
rising 2° - 6°C over the next century.4 
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What is not disputed is that industrialized and developing nations alike have made a 
tremendous impact on the earth’s temperatures, atmospheric CO2-level, water and forests 
and that any mitigative efforts so far have made littl e substantive change in the rate of 
that impact.  
 
Much of the popular debate on climate change has focused on polar ice caps, sea water 
levels and rainforests. Yet, while the United States generates 22 percent of the 
greenhouse gas (GHG) emissions that are known to affect climate change,5 most of those 
issues feel very distant to North American lives. That is about to change. From increased 
droughts, fires and blights, to a dwindling number of ski resorts and the end of autumnal 
colors in New England, the impact of climate change on our forests will become 
increasingly obvious to the average North American in our children’s li fetimes. 
 
Some changes are already being felt throughout the world. Rafting companies, for 
instance, have started going out of business due to low water levels on rivers li ke the 
Colorado,6 caused by drought, and in Switzerland, 15 percent of ski resorts are no longer 
snow-reliable, causing Swiss banks to stop lending to Alpine resorts at low elevations.7  
 
Science corroborates those changes. Global mean surface temperatures have increased 
0.60C (1.1°F) since 1880,8 when much of the record keeping began on climate change. 
Yet the pace has picked up recently. The ten warmest years of the 20th century all 
occurred since 1985, and 1998 was the warmest year on record.9, 10 While we now know 
that the El Niño/La Niña cycle has been occurring for hundreds of years, the 1997/8 cycle 
was marked by the warmest sea water temperature since the cycle was first documented 
in 1860.11  
 
One undisputed effect of global warming is an increase in “extreme weather events” : 
floods, fires, droughts and heavy rainfall . Worldwide, the number of those events over 
the past three years – among them the 2002 floods in Germany, Europe’s 2003 heat 
wave, forest fires throughout Cali fornia and the recent floods and mudslides in the 
Caribbean – is unprecedented. Today, one in nine U.S. towns gets a large portion of its 
annual rainfall from single heavy storms, up 37 percent from the 1920s.12 

 
Mega-forest fires also have increased dramatically in the past ten years. The Boise Fire 
Center, which is the central command point for fighting large-scale forest fires, reports 
that whereas fires rarely burned more than 20,000 to 30,000 acres throughout the 20th 
Century, fires now scorch upwards of 500,000 acres at a time throughout western North 
America. In the past decade, both Alaska and Canada have experienced milli on-acre 
fires, while Arizona, Cali fornia, Montana and Oregon have all experienced the largest 
forest fires in their recorded history, ranging from 500,000 acres to 740,000 acres.  
Colorado has also broken records with a 230,000-acre fire. This has a direct impact on 
our forests and wild areas, as well as on state relief funds and insurance costs. 
 
In fact, during the decade of the 1990s, there were 72 extreme weather events worldwide, 
with an average annual price tag of U.S. $40 billi on and highs of $60 billi on per year in 
both 1992 and 1997. The decade of the 1950s, by contrast, only saw 13 extreme weather 
events, with inflation-adjusted costs of less than $5 billi on per year.13 
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While those seem to be small changes and isolated events, their impact is dramatic. 
 
Paleoclimatologists, who study climate changes on a Quaternary level (past 2.6 milli on 
years) and the current Holocene (0 to 10,000 years ago), have tracked temperatures, 
carbon and ecosystem changes over milli ons of years. Their work depicts repeating and 
overlapping cycles with temperature shifts of up to 20oC – far more than what we’ve seen 
in the past century or even the direst forecasts for the next one – occurring over the 
course of only a few years or decades.14 

 
Those studies present an informative view of what we can expect to see as our climate 
changes further. Throughout the millennia, these shifts have had a strong effect on fire, 
flood, insect infestations and disease, with resulting impacts on forests, their animal 
inhabitants and other terrestrial ecosystems.15  
 
Where the studies become alarming is in reflecting the current rate of change against the 
degree of variation from what we consider to be normal. The Intergovernmental Panel on 
Climate Change (IPCC), which compiles international scientific data on the subject, has 
charted the earth’s median temperature for the past 1,000 years, including recent changes 
and projected temperatures, according to variance from our “norm” – the average 
temperatures from 1961 to 1990.16 On that scale, the global temperature changes for the 
past 1,000 years appear to vary in a cyclical, even pattern, but the past 140 years shoots 
above the rest. The estimated changes over the next century (in this projection, up to 6° 
Celsius) skyrocket, rising ten times faster than the sustained temperature increases since 
the last ice age (see Fig. 1).17 
 

 
 
 

Fig. 1 Estimated global warming for the next century shoots above multi -
mill ennial variance, regardless of the projection model. Source IPCC. 
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The impact of that temperature shift is highly complex and also extremely variable on a 
local level, which is one reason scientists have had such a diff icult time alerting the 
public. That diff iculty is compounded by the lay perspective that equates weather – daily 
local temperatures and precipitation – with climate, which is the average course of 
weather, usually over a period of many years. Thus, climate-change naysayers will point 
to an extremely cold or snowy winter as proof that global warming is not occurring, when 
in fact it substantiates the global climate shift toward extreme weather events. 
 
For the purpose of this paper, we will focus on those impacts affecting North American 
forests, waters and their ecosystems – both in real-time studies and paleoclimatology 
research – with some mention of the effects on species and uses that will ripple back to 
the forests (animal li fe, migration, pollution, agriculture, economics). 
 
On the positive side, warming temperatures and greater rainfall mean increased 
vegetation in some areas, which can serve as an important “carbon sink” for absorbing 
the high levels of CO2 that contribute to global warming in the first place. In the short 
term, an increase in CO2 also fertili zes plants and causes them to use water more 
eff iciently.18 The great irony of increased vegetation, however, is that it also provides 
excellent fuel for forest- and grass fires. Those cause a single, high-level burst of CO2, 
which is harder for the atmosphere to absorb than gradual CO2 emissions.19  
 
The majority of changes, however, will negatively affect our forests, which range from 
tropical rainforest in Florida to the permafrost taiga (boreal forests) in Canada and 
Alaska. Among those changes are weather extremes, as well as rising sea water levels 
that can inundate coastal forests.20 Longer, hotter summers mean dwindling food for 
arctic animals such as polar bears and dryer agricultural land in the U.S. grain belt. 
Warmer winters mean forests, crops and animals will be vulnerable to pests that normally 
are kill ed off by long, cold periods, while warmer wintering grounds for birds leads to 
earlier migration, sometimes before their food source is available along their migration 
path. That not only contributes to dwindling animal populations, but also to increased 
pest problems when those insects hatch without a source of predation.21  
 
The Pew Center on Global Climate Change, a nonprofit that compiles numerous reports 
on the issue, estimates that the projected warming also will cause changes in distribution 
of freshwater fish, interfere with many aquatic species’ reproduction, reduce water 
quality and add to the current stress on wetlands.22 

 
Warm weather also has a direct effect on forest location. The U.S. Environmental 
Protection Agency (EPA) estimates that even a 2oC warming over the next 100 years – 
the lowest end of projections – would shift the ideal range of many North American 
forests northward by about 200 miles. That’s two miles every year, a visible level of die-
off and expansion.23 Mid-range projections of 3o-4oC warming would completely wipe 
out the beech-maple forests of New England within this century.  
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Boreal forests, which compose 35 percent of Canada’s land mass and represent the 
largest contiguous forest in the world, are expected to move northward by 60 to 420 miles 
by 2100.24 These forests are the breeding ground for more than 60 percent of Canada's  
bird population, with roughly three billi on birds nesting there annually. The taiga is also 
home to the world's largest caribou herd, the second-largest wolf population, and polar, 
black and grizzly bears.25  
 
Each of those results has a ripple effect on tourism, recreation and the economy. As with 
the rafting companies and ski resorts, inns that have based their fall occupancy on autumn 
colors or salmon fishing will l ose that business. Southern towns that have relied on forest 
products industries for jobs will find themselves saddled with high unemployment rates 
in a population that often is not technologically savvy enough to find jobs in new 
industries.26 

 
There is hope, though. The potential solutions are as interwoven as the problem itself, 
leaving room for both simple and complex approaches. Worldwide, electricity generation 
is the largest single source of greenhouse gas emissions, contributing 37 percent of all 
CO2 emissions.27 That makes alternative energy an ideal place to start, and not just in 
China. In the United States, 40 percent of the CO2 emissions come from electricity 
generation, while transportation generates 33 percent and industry another 18.5 percent. 
Thus, any efforts toward alternative power and automotive fuel eff iciency could have a 
real impact.28 Likewise, collaborations with industry to decrease emissions and 
create/preserve wooded areas as carbon sequestration projects have the potential of 
mitigating the problem, while preserving natural habitats indefinitely. 
 
Another fundamental source of the problem is land-use change, making that another 
excellent place to start. While media attention focuses on rainforest destruction in Brazil , 
forest destruction continues in the United States and Canada as well , through logging, 
agriculture and urban sprawl. Contiguous forests are considered crucial in enabling 
species to adjust to climate change, while also providing much-needed carbon sinks, yet 
those green corridors continue to shrink. The IPCC estimates that, hypothetically, if all of 
the carbon released by historic land-use changes could be restored through reforestation, 
CO2 concentrations could be reduced by 40-70 ppm over the next century, roughly half 
the amount of atmospheric CO2 that has been generated in the past century.29 As a result, 
any movement to both stop and reverse the trend of those land-use changes is urgently 
needed. 
 
Most importantly, because of the complexity of the issue, efforts to include a diversity of 
voices in these discussions will pay off . That means, for instance, bringing the forest 
conservation community into discussions with industry, to share its understanding of 
forests as ecosystems. It also means including hydrologists in public education 
campaigns, as water is often the most noticeable natural resource to many North 
Americans. Equally important are efforts to forge links between stakeholders in forest 
communities and climatologists or the nonprofits that focus on climate change. 
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THE IMPACT OF CLIMATE CHANGE ON FOREST & WATERS  
 
North American Forests in Peril  
 
One of the key lessons from paleoclimatologists is the complexity of climate change (see 
sidebar). Not only does the earth naturally experience an ongoing and overlapping 
“symphony” of climate cycles, ranging from ten to a thousand years in length, but human 
changes have added their own syncopation. The combination of high levels of 
greenhouse gas emissions, pollution, forest destruction and urban sprawl have added an 
ominous underbeat to the ongoing cycles, with the already discernable effects of rising 
temperatures and extreme weather patterns throughout the world. In North America, 
those changes have already begun to be felt by our forests, freshwater systems and 
terrestrial ecosystems.  
 
Global warming and extreme weather patterns are expected to have five key effects on 
our forests over the next century:  
 

ƒ� A geographical shift of species northward or to higher altitudes;  
ƒ� Increased susceptibilit y to fire, floods and inundation;  
ƒ� Changing migration and nesting patterns;  
ƒ� Increased infestations by pests  
ƒ� And an overall l oss of biodiversity.  
ƒ�  

Their resulting impact on North American economies includes an expected loss of jobs in 
the forest products industry, greater politi cal struggles over water rights, shifting centers 
of agricultural production, dwindling numbers of polli nators for agricultural crops and 
forest flora, and diminishing prospects for outdoor recreation. 
 
Rising Temperatures, More Insects  
 
Paleoclimatologists teach us that terrestrial ecosystems have responded dramatically to 
both small and large climate shifts. Over the course of the cold-to-warm spectrum of 
glacial/interglacial cycles, forests have witnessed a complete replacement of plant 
community types and massive species migrations. Forests and their inhabitants also have 
shifted in both latitude and elevation as the climate warmed and cooled.1 As Dr. 
Constance Mill ar, from the U.S. Forest Service, notes, the most dramatic conclusion from 
the past 2.6 milli on years in the Sierra fossil record is how much and how often plant 
communities have changed, and how these changes have occurred over relatively short 
times. 
 
Our era is not exempt. As mentioned earlier, the EPA projects that a 2oC warming could 
shift the ideal range northward, or higher in altitude, for many North American forest 
species by 200 miles over the next century. That is, as southern parts of a species’ range 
become too hot, flora and fauna will gradually die out in those areas and repopulate areas 
that are now too cold.  
 
As a result, New England’s forests of maple, birch and beech trees may give way to 
southern oaks and hickories. Sub alpine spruce-fir forests could also die out and sub 
alpine meadows could disappear as mountains warm.2 
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These impacts are expected to be most severe in the northern-most forests, specifically 
the taiga, or boreal forests, of Canada and Alaska.3 These forests, which normally have a 
layer of permafrost only inches from the surface, have already begun to experience 
melting soils and insect infestations due to warmer winters. Boreal forests are expected to 
move northward along with their wildli fe inhabitants by 60 to 420 miles by the year 
2100, at the expense of the tundra.4  
 
While these are likely to be hardest hit, the entire continent’s forests are expected to 
respond in kind. That includes the temperate rainforests that once ranged from Cali fornia 
to Alaska, 95 percent of which have been lost in the contiguous United States.5 It also 
includes the tropical rainforests of Florida, the deciduous forests of the Southeast and the 
birch-beech-maple forests of New England.6 

 
What’s wrong with forests moving north? In a perfect, natural world, it actually could be 
fine for smaller plants and tree species whose seeds are spread by birds, since they, too, 
are moving to their ideal temperature zone (see impact on ecosystems, below). After all , 
species have been relocating to their ideal climate zone for millennia. 
 
Unfortunately, this is no longer a perfect, natural world. The vast amount of land that has 
been developed, as well as roads cutting up the wilderness and dams across rivers, has 
created artificial barriers for species that are trying to spread northward.7 As a result, 
those species will l ose their southern ranges, but have nowhere to move. The pace of 
change also creates a problem for oaks and other nut-bearing trees, whose range is li kely 
to only spread a few hundred feet per year, not the two miles that climate change is li kely 
to require.8 This means the range of forest species is li kely to shrink. 
 
Given in a perspective of ecosystems, this becomes a serious issue.  
 
Just as warmer temperatures generate greater vegetation, they also create more habitats 
for the insects that inhabit those plants. Thus, those same warm winters enable forest 
pests and disease to survive while providing more plants for them to li ve on, when 
normally they would be wiped out by the cold winter months.9 

 
That problem is exacerbated by the expected shifts in predator migration, some of which 
are already being documented. Jeff Price, PhD., who is Director of Global Climate 
Change for the American Bird Conservancy and co-author of The Birdwatcher’s Guide to 
Global Warming, has developed a number of projections of the impact of climate change 
on migrating birds. 
 
Based on the anticipated doubling of CO2 from pre-industrial times, which is li kely to 
occur sometime in the next century,10 Price expects three main predators of the spruce 
budworm – the Tennessee, Cape May and Blackburnian warblers – to disappear from the 
southern boreal spruce-fir forests south of Hudson Bay, leaving the spruce vulnerable to 
an infestation.11 

 

Spruce forests farther north, in Alaska and Canada, have already been affected by their 
own infestations. In the past seven years, the spruce bark beetle has infested more than 
2.3 milli on acres of spruce forests in Alaska, killi ng an estimated 30 milli on trees per 
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year at its peak. Northern spruce bark beetle infestations have occurred every 20 to 60 
years over the past 250 years, correlating with warmer summers, according to tree-ring 
analysis.12 However, the 1990s had the longest run of warm summers since the early 
1800s. As a result, the beetles, which dig into the cambian level of the spruce and girdle 
the tree, are able to reproduce fully in one summer, rather than the normal two-year cycle. 
 
Over the past 25 years, the beetle has caused an estimated loss of more than 25 milli on 
board feet of spruce timber in Montana, 31 milli on in Idaho, 100 milli on in Arizona, two 
billi on in Alaska and three billi on in British Columbia.13  
 
In the Western rangelands, the savannah sparrows and sage thrashers that now control 
grasshopper populations also are expected to move north. Price says a single pair of 
savannah sparrows and its young consumes an estimated 149,000 grasshoppers during the 
breeding season. He concludes that unless the entire ecosystem responds at once, which 
he sees as highly unlikely, there will be major grasshopper and budworm outbreaks.14 

 
Warmer wintering grounds for birds contribute further to the pest problem. The Rocky 
Mountain Biological Laboratory, in Colorado, has documented that robins are arriving 
two weeks earlier now than they did in the late 1970s.15 The change, which is attributed 
to warmer wintering areas, causes the birds to arrive before their food source is available, 
sometimes when there are still 1.5 meters of snow on the ground, making them 
vulnerable to starvation. If migrating birds have moved on when the food source does 
become available, there won’ t be enough predators to keep the insects/rodents under 
control. 
 
Weather Extremes 
 
While it is diff icult to project the specifics of climate change – precisely which rivers will 
inundate or dry up, and which rangelands will become deserts – we do know that, 
historically, warming conditions have been accompanied by strong fluctuations in 
precipitation, as well as by an increase in extreme weather events.16 Those fluctuations 
bring rainfall to deserts and droughts to once-lush areas, as well as flood-drought cycles. 
The heavy storms contribute to that flood-drought cycle by concentrating rainfall i n such 
a short period of time that the water can’ t be absorbed. Instead, it leads to runoff and 
erosion – and thus parched soil . Each of those affects forests. 
 
In the short-term, the expected increase in precipitation will have some beneficial effects, 
namely the increased vegetation mentioned above. That increased vegetation is expected 
to aid some northern areas, at first, through increased agriculture and forestry production, 
job creation and reduced energy costs.17 As we will discuss later, the benefits will 
eventually be offset by ecosystem losses, as well as erosion and tree damage from 
extreme rain storms. 
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In coastal zones, the combination of heavy rains and the ongoing rise in sea level is 
expected to damage wetland areas and inundate coastal forests, islands and coastal 
communities.18 The IPCC projects that from 1990 to 2100, global mean sea level will rise 
by 0.09 to 0.88 meters,19 mainly due to sea water expansion as it warms and the added 
water from melted glaciers and ice caps.  
 
From the longer perspective, however, the late 20th Century was the wettest half-century 
in the last two millennia.20 That means the norm, to which we may easily return, is much 
drier than what we have come to expect. So while coastal areas are being inundated, 
regions we now consider to be lush farm- or forestland could return to their normal drier 
conditions. This has a huge impact on how we view our current and future water supplies. 
 
Ironically, the expected floods and rainstorms could spark disastrous wildfires. Scientists 
have split the last 8,700 years into two fire segments.21 The first 4,200 years were 
characterized by warm, dry conditions that created open, sparse forests with low biomass 
and low flammabilit y. The past 4,500 years, by contrast, have had wetter climates, which 
led to denser forest conditions, greater biomass, higher fuel loads and higher fire 
frequencies. The increased intensity of the El Niño pattern may have increased the role of 
fire in our current era by creating short cycles of vegetative growth, followed by drought-
induced die-off . 
 
In the West, the U.S. Forest Service predicts that the most likely climatically driven 
environmental change will be the increased frequency and duration of drought. “While 
Global Circulation Models predict as much as a 30 percent increase in precipitation for 
Cali fornia, greater evaporative demand imposed by higher water-holding capacity of 
warmer air, and more rain-on-snow events in late fall and early spring are expected to 
result in an overall i ncrease in drought. Chronic drought, in combination with high air 
pollution exposure, is expected to further deteriorate forest health and alter ecosystem 
structure and function.”22 

 

Cali fornia isn’ t the only victim, either. While the Arctic may seem far away to most 
Americans, it touches each of us on a daily basis. For centuries, the northern glaciers 
have generated cool air for their southern neighbors, keeping winters colder and 
preventing summers from getting too hot. As those glaciers melt, the contiguous United 
States is expected to lose that cooling effect, causing warmer winters and dryer summers 
and droughts, especially in the grain belt. According to a NASA Goddard Institute of 
Space Studies computer model, Kansas would be four degrees warmer in the winter 
without Arctic ice, which could eliminate the freezes needed to grow winter wheat.23 

 
Forest fires are also likely to become more frequent and severe as soils become drier, 
according to the EPA. Aside from the obvious dangers of those large-scale fires, both 
ecologically and economically, they also cause a massive release of carbon at a level that 
is far more diff icult for the atmosphere to absorb than the steady release from industry.24 

 
In alpine areas, those droughts do more than just dry out the soil . Winter snow acts as 
insulation for alpine plants. The reduction of snow cover is li kely to greatly increase the 
severity of temperatures experienced by alpine plants and could be a criti cal factor in 
their survival, according to the New Zealand-based Alpine Ecosystems Research 
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Group.25 The group concludes that decreased snowfall could be the most significant 
threat to the conservation of alpine species and their ecosystems. 
 
Pollution/Acid Rain 
 
When Rachel Carson wrote Silent Spring in 1962, it shocked people around the world. 
Until then, most of the general public saw this century’s “progress” in positive terms – 
homes were easily rid of cockroaches or other pests with a simple spray, and agricultural 
productivity had soared in the lee of insect infestations. To the average person, there was 
no sacrifice. 
 
Carson’s book and the increasing environmental awareness that grew around it caused a 
widespread concern over pollution and a rise in policy change on industrial chemicals – 
at least in the context of heavy metals, DDT and runoff . Unfortunately, the problem still 
remains with an even broader cast of characters. 
 
In the past two centuries, the combination of deforestation and industrial/individual 
emissions have caused carbon dioxide and methane concentrations to increase 33 percent 
and 100 percent, respectively.26 While ice cores show CO2 levels averaging around 250 
parts per milli on (ppm) for the past 160,000 years, they are currently at about 360 ppm 
and are projected to reach 650 ppm by the year 2100 at the current rates of emission – 
close to three times the multimill enial standard. 
 
This level of pollution has its own direct effect on forests. Oddly enough, its initial 
impact is positive. High CO2 levels both fertili ze plants and cause them to use water more 
eff iciently, which could help some forest species survive the warmer, dryer conditions. 
However, trees at sites with high ozone and nitrogen deposition have fewer roots, making 
them more susceptible to drought stress and subsequent insect infestations.27  
 
Some trees also show lower levels of photosynthesis in those conditions, due to impaired 
function in their stomata. Researchers at the U.S. Forest Service’s Pacific Southwest 
Research Station compared ponderosa pines in a high-level pollution area of the San 
Bernardino Mountains to others in a “clean” area near Lassen Volcanic National Park.  
They found that moderate to high levels of ozone exposure (300 to 320 ppm) 
significantly decreases stomatal response to light and vapor pressure deficit. 28 

 
Acid rain is also a consistent player. First identified by scientists in the 1950s, acid rain is 
the result of sulfur dioxide and nitrogen oxides that are released into the atmosphere by 
coal-fired power plants and factories, vehicles and home furnaces. Acid rain took center 
stage in the mid-1980s, when German scientists estimated that half of the trees in the 
Black Forest had been damaged by it, showing lesions in their foliage, leaf nutrient loss, 
inhibited formation of terminal buds, higher seedling mortality and reduced resistance to 
the environment.29 Thus acid rain is not only produced by the same sources that drive 
much of global warming, but it also weakens forests and makes them more vulnerable to 
climate change. 
 
While Europe has received the most press over acid rain, there are plenty of North 
American examples. In areas of naturally occurring limestone, which is basic, the 
environment can generally adapt to a small amount of acid rain. Areas without natural 
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limestone are vulnerable, though, including parts of the U.S. Northwest and Southeast, as 
well as some parts of the Rocky Mountains. New York’s Adirondack and Catskill 
Mountains also have thin soils with low buffering capacity and have shown signs of acid 
rain damage.30 

 
As an ecosystem, forests are doubly affected by acid rain and other pollution because 
their inhabitants are also affected. A recent study at the Cornell Laboratory of 
Ornithology found that the wood thrush is less likely to breed in areas with high levels of 
acid-tainted rain, snow, mist and fog, such as the Adirondack, Appalachian and Great 
Smokey Mountains. In those areas, wood thrush numbers have been dropping by up to 
five percent per year.31 As we will discuss below, those declines have their own impact 
on the forests around them. 
 
Ecosystem Impacts 
 
Birds are one of the easiest bellwethers to track in climate change – the canaries in the 
mines, so to speak, of changes that are affecting entire ecosystems. That’s partly because 
they are mobile and visible, and partly because one in five Americans considers 
him/herself to be a birdwatcher. As a result, groups like the Cornell Lab of Ornithology 
and Audubon can host annual bird counts and derive local and national data from them. 
 
There are already signs that birds are responding to climate change. In addition to the 
data mentioned above on robins, a study published last spring in Nature reported that a 
dozen British bird species had shifted their ranges an average of 12 miles northward over 
the last 20 years.32 In North America, the golden-winged warbler’s range has moved 
northward by 100 miles in the same timeframe, according to Price, from the American 
Bird Conservancy. The Nature study also cited numerous North American bird species 
that are migrating and breeding nine to ten days earlier than they did 30 years ago. 
Among those is the prothonotory warbler, which has been arriving from its Caribbean 
wintering sites a day earlier every year since 1987.33 

 
By Price’s projections, 53 percent of the migrant songbirds that now nest in states around 
the Great Lakes are likely to move farther north during this century. Meanwhile, he 
predicts that the MidAtlantic region will l ose 45 percent of its nesting migrants and the 
Great Plains could lose 44 percent.34 

 
While some species may adjust well to the changes, the most vulnerable could be hardest 
hit. In North Carolina, most female red-cockaded woodpeckers have adjusted to the 
warmer weather conditions by laying their eggs earlier, according to Stanford biologist 
Terry Root,35 who has studied two decades of data on more than 200 pairs of the birds. 
However, birds with at least one inbred partner are not adjusting their egg-laying time, 
making them vulnerable to shifts in the food supply. This could spell trouble for 
endangered species, many of which live in small , isolated populations that easily become 
inbred. 
 
Root and Price were members of a team of scientists who analyzed 143 studies on the 
effect of global warming on various species, from mollusks and mammals to grasses and 
trees, for a 2003 paper in Nature.36 The studies showed a consistent, temperature-related 
shift in these species. The team concluded two things: First, that global climate change 



 
 
 

12 

has already made a discernible impact on animal and plant populations; Secondly, that 
the rapid temperature rise, alongside other stresses like habitat destruction, could easily 
disrupt the interrelated communities in which these species live, leading to extinctions. 
 
That is already occurring in the northernmost climes. While mammals are generally 
considered more immune to temperature changes, the reality for some species is quite 
stark, especially when they live, li ke the red-cockaded woodpeckers, in isolated or highly 
specific habitats. Of the estimated 22,000 polar bears, roughly 60 percent live in Canada, 
where their habitat is shrinking annually. Air temperatures in the Arctic have increased 
5oC over the last 100 years, with a resultant 33 percent decrease in the extent of Arctic 
sea ice. The pace of that shrinkage has risen significantly over the past 30 years, with 
three percent declines per decade between 1978 and 1996 alone.37 

 
Because the polar bear depends on the ice shelf for its food, fasting on land when there is 
no ice, the earlier ice melts and later freezes have a direct effect on the polar bear’s 
health. The period from late April to mid-July is crucial hunting time for them, especially 
for pregnant females, who generally give birth in October-November.  
 
A report on polar bears through the World Wildli fe Fund (WWF)38 estimates that every 
week earlier that the ice breaks on Hudson Bay corresponds to a 22 lb. weight loss for the 
bears, with a direct effect on their reproductive health. In addition, late winter rains and 
warmer spring temperatures destroy the snow lairs of the polar bear, arctic fox and ringed 
seal, exposing their young to the elements. This is expected to devastate the seal 
population – which is the polar bear’s main prey.  
 
At the current rate of change, models indicate that the ice shelves will disappear 
completely during the summer months by 2080, and the polar bears will become extinct 
within 100 years.  
 
At the opposite end of the food chain and temperature zones is the American Pika, a 
small cousin of the rabbit that lives in the cool, moist mountaintops of the Great Basin 
between the Sierra Nevada and the Rocky mountain chains. The WWF expects the pika 
to be the first mammalian casualty of climate change.39 

 
These densely furred creatures already have become extinct in some parts of their range 
due to rising temperatures and the inabilit y to travel through the valleys to other similar 
habitat as theirs changes, according to research by Erik Beever, an ecologist with the U.S. 
Geological Survey (USGS).40 While other alpine species are expected to migrate, the pika 
is often unable to do so. Thus, its current habitat has become limited to small , isolated 
areas, with some individuals never leaving a half-mile radius throughout their li ves – a 
problem exacerbated by roads and other migration barriers. 
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While those are likely to be early casualties, we have to be realistic here: Most North 
Americans likely have never heard of either a pika or a red-cockaded woodpecker, and 
polar bears feel pretty far away from the mall . That doesn’ t mean the changes in forest 
ecosystems won’ t affect them, though. Where it’s most likely to hit home, oddly enough, 
is the grocery store.  
 
Those same forest ecosystems are also home to large numbers of the polli nators upon 
whom we depend to perpetuate our food supply. According to the North American 
Polli nator Protection Campaign, polli nators enable the reproduction of 90 percent of 
flowering plants – affecting one of every three bites of food we consume.41 Worldwide, 
an estimated 1,000 of the 1,300 crop plants for food, drinks, fibers, spices and medicines 
depend upon polli nators, yet those insects and animals are vulnerable to numerous 
challenges to their habitat, from pollution to forest destruction to climate change. As a 
result, at least 82 species of mammalian polli nators and 103 species of bird polli nators 
are considered threatened or extinct worldwide and feral bees are virtually gone from 
North America. American agriculture depends on these species, and they are quickly 
dying out. 

 
Public versus Private Forests 
 
One other factor will distinctly influence the impact of climate change on our forests: 
Who owns them. Whereas 90 percent of Canada’s forests are government-owned,42 

nearly 60 percent of U.S. forests are owned by private individuals, representing the least 
intensively managed forests. Industry owns another 14 percent and manages them most 
intensively, while state and national parks and forests make up the remaining 27 
percent.43  
 
Each of those will have a unique response to climate change, with unmanaged forests 
being hardest hit.44 Those forests that are highly managed, such as pulp and paper 
plantations, tend to plant trees with shorter growing cycles and thus should have greater 
flexibilit y in adjusting to climatic changes. Interestingly, while these forests provide 
important carbon sinks for sequestration projects (see more on sequestration, below), the 
forest products industry, by its own admission, is the third-largest user of fossil fuels in 
the U.S. manufacturing sector.45 

 
One other type of private “forest” that is integral to our economy and bears mention is the 
tree-fruit and nut industry. Valued at $12 billi on in the U.S., fruit and tree nuts represent 
roughly 13 percent of the U.S. agricultural value.46 Whereas most farmers are expected to 
be able to adjust their crops to climate change, tree-fruit growers are stymied by a costly 
initial investment into a product that takes a decade or more to mature and is normally 
expected to produce for decades after that. These growers are generally not mentioned in 
studies or analysis, but climate uncertainty and/or poor production could provoke tree-
fruit growers to replace orchards with shorter-term crops or sell them to developers. Both 
would have a ripple effect on carbon absorption. 
 
Not a Drop to Dr ink: Climate Change and Aquatic Ecosystems 
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The factors affecting forests contribute as well to the demise of aquatic ecosystems: 
streams, rivers, lakes, wetlands and water tables. A recent report through the Pew Center 
on Global Climate Change concludes that this century’s warming will cause changes in 
freshwater fish locations, interfere with aquatic species’ reproduction, reduce water 
quality and create added stress on wetlands.47 The Pew Center report concludes that this 
poses a very real threat to our water’s stabilit y and health, especially when accompanied 
by changes in land use, pollution and water diversion for drinking and irrigation. 
 
Rising Temperatures  
 
There is increasing evidence that global warming both will , and has already begun to, 
have a significant effect on the world’s waters. The drought that has lingered in the U.S. 
West for the past 16 years48 is clearly attributed to climate change. How much of that is 
human-induced is unclear. 
 
As with forests, a recent study in New Scientist indicates that temperature changes have 
made a substantial impact on the flow of many of the 200 largest rivers worldwide over 
the past 100 years, especially in Africa, which has posted a noticeable decline in the past 
decade alone.49  
 
Globally, those flows have increased and are expected to continue to do so by four 
percent for every 1oC rise in temperature. However, many of the rivers that provide water 
for the majority of the world’s people have started drying out, including the Nile and 
Mekong.50 

 
Closer to home, a climate modeling team led by Syukuro Manabe at Princeton University 
has projected the changes that the current rate of carbon emissions would have on the 
global hydrological cycle over the next three centuries.51 Manabe charted the effect of a 
quadrupling of CO2 levels over pre-industrial times on levels of water vapor, cloud cover, 
solar radiation and ozone, and the ensuing changes to evaporation and precipitation. His 
conclusion is that fresh water flow would increase 15 percent worldwide, but that water 
stresses will i ncrease significantly in regions that are already dry. In North America, he 
predicts that soil moisture will fall by 40 percent in the U.S. Southwest. And while the 
Yukon River is li kely to see a 47 percent increase in flow, the Colorado will see further 
shrinkage and the Mississippi will start to decline. It’s worth noting that the IPCC 
projections discussed earlier have estimated a near tripling in CO2 levels by 2100, so 
Manabe’s estimates might be conservative. 
 
Rising and falli ng waters are expected to affect such diverse sectors as hydroelectric 
power (which could increase reliance on fossil fuels), navigation, water quality and the 
supplies of water available for agricultural, residential and industrial uses.52 

 
Ironically, those areas with increased rainfall and flooding might still see their share of 
droughts. Both the northern Midwest and Cali fornia are expected to suffer from that 
combination, as warmer weather causes snow to melt earlier and reduce summer supplies.  
 
The trend toward water being concentrated in large storms will exacerbate the problem, 
since storm water tends to result in flooding and runoff , rather than accumulating stores 
for later uses.53 Manabe asserts that the rising levels of the Yukon, alongside the dropping 
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water tables in the U.S. West, could also influence politi cal relations between the U.S. 
and Canada, as the former tries to bargain for water from its northern neighbor.  
 
Meanwhile, a recent study of the Colorado River54 found that if temperatures rise, the 
basin’s runoff could drop by 15-20 percent, with an estimated $200-$300 milli on annual 
cost to its water users. This would support Manabe’s prediction that these changes could 
lead to an era of massive dam construction to control water.  
 
As with forests, this will have an impact on the geography of aquatic plants and animals, 
and perhaps on their survival. Because many water species are cold-blooded, they are 
often more vulnerable to changes in their thermal zones. Large-scale dam construction 
would exacerbate that vulnerabilit y. Fish in lowland streams without a northern escape 
route are expected to be most effected, alongside cold-water fish such as trout and 
salmon, which are likely to see shrinking habitat and are projected to disappear from 
large portions of their current geographic range within the century.55 

 
Those cold-water fish are likely to be supplanted by warmer water species, such as large 
mouth bass and carp. Both the warmer water and changing fish li fe also are expected to 
produce more algal blooms, which can lower water quality for all potential users. 
Furthermore, those species that live in vulnerable habitats such as alpine wetlands could 
die out entirely.56 

 
Meanwhile, extreme weather events could have an even greater impact on water species 
than on forests. Swollen rivers, due to both ice melts and heavy storms, increase the 
turbidity in local streams and could decrease the amount and quality of aquatic habitat. In 
coastal areas, higher waters could increase the salinity of fresh water streams, as ocean 
water seeps upward. Droughts, on the other hand, have equally limiti ng effects on both 
habitat and water quality.57  
 
Wildfire also has an impact on water systems. In a healthy hill side, the tree canopy 
absorbs the impact of a driving rain, while its roots help the soil absorb moisture. Both of 
those effects are missing in a hill side denuded by fire. The USGS is currently studying 
the effects of wildfire in increasing hill side runoff and causing floods in the rivers below. 
This isn’ t a pessimist’s prediction: USGS paleoclimatology studies have already shown a 
pattern in Buffalo Creek, Colorado, of wildfire followed by high runoff , flooding and 
drought over the past 3,000 years.58 

 
That, too, will make its mark on the geography of freshwater species. Yet, as Mill ar 
noted, one thing we’ve learned from the Quaternary perspective is that our current view 
of what constitutes an aquatic species’ “natural” habitat may not have been true 
throughout most of history. Salmon, for instance, are known to have had very different 
native grounds in the past and, given a chance, could return to cooler areas as the climate 
changes.  
 
There’s a twofold problem with that: First, current dams already cause barriers to 
migration for fish, and Manabe’s projections imply that this will only get worse. Even if 
the fish are able to migrate, the barriers to forest habitats mean that animals that depend 
on those fish, such as bears, may not have access to them. The second problem is time, as 
Rachel Carson so aptly wrote in Silent Spring: “Given time – time not in years, but in 
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millennia – li fe adjusts, and a balance (is) reached. For time is the essential ingredient; 
but in the modern world, there is no time.”  
 
The pace of the current climate change is the primary danger for forest and aquatic 
species alike. 
 
What’ s Being Done  
 
Climate change will have a clear impact on our animal and plant species, as well as 
agriculture, tourism, recreation, drinking water and our quality of li fe. Unfortunately, 
most of the popular debate doesn’ t reflect that interconnection. However, some efforts are 
underway to address the problem. 
 
On a national policy front, the news is both dire and hopeful. As the leading sole 
contributor of GHG emissions, the United States plays a criti cal role in the planet’s 
future. However, as a report from the Pew Center on Global Climate Change points out, 
the current administration has rejected the Kyoto Protocol without proposing an 
alternative international framework, set a voluntary domestic GHG target that would 
allow U.S. emissions to increase by 12 percent by 2012 (in contrast to the 7 percent 
reduction below 1990 levels agreed upon in Kyoto), and established no mechanism for 
ensuring that even that target will be met. While it has supported some research into 
climate change, such as the FutureGen project through the Department of Energy, the 
administration also has offered no vehicle for creating public demand for such 
technologies.59  
 
There are other movements afoot, however, that offer some hope. Both houses of the U.S. 
Congress have become increasingly active in discussing climate change. The number of 
proposals on the subject has increased from seven in 1997 to 45 in the current, 108th 
Congress and increasingly on a bilateral basis.60 In July 2003, the Senate overwhelmingly 
passed an energy policy bill t hat included provisions to establish a national climate 
change strategy and a national greenhouse gas inventory, as well as increasing energy 
eff iciency technologies. In March 2004, U.S. Representatives Wayne Gilchrest (R–MD) 
and John W. Olver (D–MA) introduced a House bill t hat would cap the aggregate 
emissions of the electricity generation, transportation, industrial, and commercial 
economic sectors at the 2000 level by 2010.  
 
Additionally, several committed municipaliti es, state legislators, business coaliti ons and 
non-governmental organizations (NGOs) have been developing creative solutions on 
various fronts. Several states are enacting mandatory carbon controls and other programs 
that reduce GHG emissions, while a growing number of corporations are setting GHG 
reduction targets and answering to their shareholders on emissions issues. Many of these 
could have tremendous co-benefits for forest ecosystems.  
We will discuss some of those efforts below, broken into three segments: state policies, 
collaborations and nonprofits. 
 
State Policies: 
 

·  Cali fornia has led the nation in several policy areas, including landmark 
legislation to address industry’s impact on climate change. Signed by former 



 
 
 

17 

Governor Gray Davis, legislation focuses on two key parts of climate change: 
industry and sustainable forestry. Aims are to cut emissions; promote 
conservation in industry; restore and sustainably manage private forests; and 
create a Climate Registry to encourage industry to voluntarily report and reduce 
its greenhouse gas emissions.61 Senate Bill 812 (SB 812) provides guidance for 
forest management practices that promote and maintain native forests comprised 
of multiple ages and mixed native species in the understory and canopy. To 
quali fy as an emissions offset, SB 812 requires forests to be maintained using 
forest management practices that exceed local, state and federal land-use laws and 
regulations, including the Z’berg-Nejedly Forest Practice Act of 1973. The 
registry has created a Forest Workgroup, consisting of forest experts and state 
agency representatives, to develop the rules by which forest managers can 
calculate, report and certify their GHG emissions for the project’s inventories. 
The legislation also sets a framework for trading in carbon “offsets” as a first step 
in creating a standardized, state-based trading system nationwide (see Carbon 
Sequestration sidebar). 

 
·  Cali fornia has also played its role as the environmental trendsetter by creating the 

world’s first auto emissions laws to focus on greenhouse gases. In 2004, the state 
announced new laws that will require a 30 percent reduction in GHG emissions 
from automobiles over the next ten years.62 That could set a huge precedent on 
two fronts: First, with 12 percent of the nation’s cars sold in Cali fornia, any new 
requirements in the Golden State tend to force Motor City to oblige with its entire 
fleet. Secondly, Cali fornia’s legislation has often acted as a model for other states 
(and countries) to follow in creating their own. The auto industry has said it might 
sue, according to an article in the Christian Science Monitor.  

 
·  Nationwide, state Public Interest Research Groups (PIRGs) banded together in 

1983 to create U.S. PIRG as a watchdog for the public interest in Washington. 
The group combines its grassroots clout in each state to both educate the public on 
national policy and to influence its progress. Lately, U.S. PIRG has taken on 
global warming as one of its key issues and is using poor fuel economy in cars as 
its action point on the issue. The group recently issued a report, for instance, on 
the price consumers pay for “stalled fuel economy policies.” It compared current 
fuel economy (averaging 20.8 miles per gallon) with the 40 MPG that is currently 
possible and determined that over Memorial Day Weekend alone, consumers 
would spend $72 milli on less on fuel and use 1.8 milli on fewer barrels of oil i f 
their cars were up to existing technological standards.63  
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·  Massachusetts is also doing its part in tackling the issue. The diff iculty of such 

efforts, however, is reflected in the tremendous public resistance to the state’s 
plan to place a 400-megawatt wind farm in the Nantucket Sound.64 The state led 
the nation in creating a Green Power Partnership, devoting milli ons in funding to 
providing enough wind, solar and hydro power to fuel an estimated 750,000 
households. Ostensibly, those would replace “dirty” energy sources. Yet, while 
polls showed that 51 percent of the state’s residents would pay more for green 
power, NIMBY-ism (or, as insiders call it , NIMO-ism, for Not In My Ocean) 
leapt forward with the prospect of placing 170 wind turbines in the Sound. 

 
·  In Canada, the government of Manitoba has just extended protections for five 

more years of the Poplar-Nanowin Rivers Protected Area, which will prevent 
industrial development in two milli on acres of boreal forest.65 The ban includes 
logging, road building and other development. The Natural Resources Defense 
Council (NRDC), which has created a system of automatic emails to legislators in 
both Canada and the United States, attributes the victory in part to 20,000 emails 
that concerned Canadians sent to the Manitoba Minister of Conservation in April 
and May. 

 
Collaborations: 
 
Much of the nongovernmental work in climate change involves collaborative efforts 
between environmental NGOs and financial organizations, industry or other stakeholders 
in the climate change arena. Below are some examples of such collaborative efforts. 
 

·  In May 2004, the pinstripes shook hands with hemp-wearers when Bank of 
America (BofA) signed an agreement with the Rainforest Action Network. The 
pact is a coup on the NGO’s part and a bold move on the bank’s to promote the 
reduction of greenhouse gas emissions, protection of intact forest ecosystems and 
indigenous peoples, and provision of transparent public reporting on those 
issues.66 BofA has committed to help protect tropical, temperate and boreal 
forests by funding further mapping and studies of those ecosystems. Most 
significantly, as the second-largest U.S. bank, it has pledged to evaluate its loans 
according to climate control principles and will deny funding to any projects in 
old-growth forests that do not provide third-party verification of sustainable 
forestry practices. 

 
·  In Arlington, Virginia, the Center for Energy and Climate Solutions has joined 

forces with WWF to create a Climate Savers Program, which works with industry 
leaders to develop and implement innovative climate and energy solutions. By 
2010, the Center estimates that the combined commitments of the first six of those 
companies – among them Nike and Polaroid – will result in reductions of more 
than ten milli on tons of CO2. For perspective, total CO2 emissions in the United 
States and its territories were nearly 5.3 billi on tons (5.8 billi on metric tons) in 
2002.67 The Center and WWF are continuing to meet with companies like Dow 
Chemical, Pfizer, Owens Corning, S.C. Johnson & Son, Coca-Cola and Verizon 
to generate similar commitments.68  
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·  Global trading in greenhouse gases involves collaborations between organizations 
to protect and maintain forests, brokers to sell rights to those forest plots and 
industry/nations to buy those rights (see sidebar on Carbon Sequestration). In the 
past four years, the number of tons of GHG emissions that have been “ traded” 
through those schemes has risen 14-fold, from 13 milli on metric tons (11.8 
milli on U.S. tons) in 2001 to an expected 192 milli on metric tons this year, 
according to Natsource LLC, a brokerage and consulting firm.69 Natsource 
brokered a $17 milli on offset, worth 3.6 milli on metric tons of emissions 
reductions, to Japan’s Chugoku Electric Power in June. Other groups include the 
Pacific Forest Trust, which was a lead environmental group behind Davis’ 
environmental laws and has worked extensively in this arena, including a recent 
deal brokering 7,500 tons of emissions offsets, corresponding to 5,000 acres of 
forest.70 These projects are expected to gain greater influence and appeal now that 
the Soviet Union has pledged its support of the Kyoto Protocol. 

 
·  The World Business Council for Sustainable Development (WBCSD) is a 

coaliti on of 170 international companies that are working toward sustainable 
development via “the three pill ars of economic growth, ecological balance and 
social progress” . Representing 20 sectors of industry and 35 countries, the group 
aims to act as a business leader and advocate in sustainable development, eco-
eff iciency, innovation and corporate responsibilit y. That role includes influencing 
public policy and sharing “best practices” among its members. Members include 
3M, Cargill , ChevronTexaco, Dow Chemical, Ford Motor Company, GM and 
Weyerhaeuser and, in Canada, BC Hydro, Ontario Power Generation and Suncor 
Energy.71   

 
·  The Pew Center on Global Climate Change72 was founded in 1998 to advance the 

climate change debate through analysis, public education and a cooperative 
approach with business. Working with its Business Environmental Leadership 
Council , a group of 38 mainly Fortune 500 companies, the Center commissions 
scientific and policy studies and uses the research to educate opinion leaders, 
promote sustainable policy on emissions reductions and encourage international 
climate-change agreements. The Center has also made substantial investments 
into advocacy efforts through its work with Pace University on the Clear the Air 
Campaign to clean up coal-fired power plants and reduce electricity-generated 
emissions.  

 
·  A handful of companies have taken that work one step further in forming the 

Climate Neutral Network. The three-year-old network certifies companies and 
their products for “ leaving no carbon footprint behind” and having a net zero 
impact on the Earth’s climate. To participate, companies agree to reduce and 
offset all of the climate impacts on the entire spectrum of its internal operations, 
from raw material to delivery of f inished product. The group helps them build 
market share and brand loyalty by marketing their products as “Climate Cool.” So 
far, the membership is limited – among them the Saunders Hotel Group, Shaklee 
Corp., Phili ps Lighting, the 2002 Winter Olympic Games in Salt Lake City, and 
Norm Thompson – but the network is working with other companies and events 
to promote the idea further.73  
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·  The Coaliti on for Environmentally Responsible Economies (CERES) is a U.S.-
based coaliti on of more than 80 investment funds, environmental organizations 
and public interest groups that have committed to a ten-point code of 
environmental conduct toward sustainable industry. Among its efforts are reports 
that benchmark air pollution from the top 100 electric companies. The most recent 
such report, released in April 2004, showed a wide disparity in emission rates, 
some of which are decreasing, but overall  an ever-rising level of CO2 pollution.74  

 
·  In a broad effort toward public education, seven NGOs have banded together to 

create a “climate hotspots” web site that depicts exactly what events are 
happening worldwide due to climate change. These include floods, fires and 
droughts, as well as species die-off or endangerment. The coaliti on includes 
Environmental Defense, Sierra Club, NRDC, Union of Concerned Scientists, U.S. 
PIRG, World Resources Institute and WWF.75  

 
Forest-focused Non-Governmental Organizations: 
 
In addition to those collaborations listed above, there are scores of NGOs involved in 
research, public education and lobbying around climate change issues. Their activities 
range from grassroots email campaigns to global carbon exchange programs with 
industry to the funding of “ecologically healthy” school construction. Several 
environmental NGOs have created their own public awareness focus on climate change, 
among them the NRDC, Sierra Club, the David Suzuki Foundation and the Canadian 
Parks and Wilderness Society. The approaches below represent efforts that specifically 
focus on using forests to mitigate or reverse the effects of climate change. 
 

·  Timber investment management organizations, known as TIMOs, are a growing 
financial market, driven by large investors such as pension funds aiming to 
diversify their portfolios out of volatile stocks and bonds. The 12 largest U.S. 
timberland investors accounted for more than $14 billi on in holdings in 2002.76 In 
an ideal world, TIMOs enable investors to earn money on their capital while 
sustainably preserving forests, but many in the conservation sector question how 
committed most TIMOs are to the second goal. Some of the dozen or so U.S. 
TIMOs do make both of those their priority, among them Lyme Timber Co., in 
Hanover, NH. In a recent Lyme Timber deal, the company contributed $12 
milli on to a $32 milli on purchase of the 146,000-acre Connecticut Lakes 
Headwater Forest in New Hampshire, with the rest paid by Trust for Public Land 
and the Nature Conservancy. Lyme Timber has the title to the property and will 
manage it, making it the largest timberland owner by acreage in New Hampshire. 
Lyme Principal Peter Stein told the press at the time that his company 
differentiates itself from other TIMOs by focusing on deals li ke this that are likely 
to have a conservation easement, and that it will manage the land sustainably.  

 
·  Forests as Carbon Sinks: While Carbon Sequestration (see sidebar and notes 

above) appears on the surface to be a mutually beneficial solution – helping 
industry remain profitable while also protecting forests – there is legitimate 
concern here, as well , that carbon trades will spur the development of 
monoculture forests and plantations. The World Wildli fe Fund-US77 is among the 
conservation-focused groups that have been actively advocating the importance of 
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forest restoration and protection in those deals, including ensuring that 
biodiversity is included in both the discussion and policies on carbon sinks. 

 
·  Certified Wood Products: Nearly 25 percent of the world’s CO2 emissions are 

generated by harvesting or disturbing forests. Meanwhile, the world’s forest 
products industry harvests 680 billi on board-feet of lumber per year for paper and 
timber products, for which demand continues to grow at alarming rates.78 As with 
the Organic food movement, the wood products industry has developed 
certification standards to confirm which forests are managed and harvested in 
ways that maintain or restore the health and integrity of forest ecosystems. There 
currently are four certifications on the market, with varying degrees of stringency, 
types of issues addressed and third-party confirmation: the American Tree Farm 
System (private, U.S. forests), CSA International (Canadian), Forest Stewardship 
Council (most stringent, worldwide), and the Sustainable Forestry Initiative 
(required for membership in American Forest & Paper Assoc., no third-party 
checks). As with Organics, companies apply voluntarily for the certification, then 
label their wood products for consumers. That demand could provide a powerful 
incentive for forest managers to use ecologically sound methods. The Oregon-
based NGO Metafore has created a web site for certified wood products 
(www.certifiedwood.org) that explains the various certifications and also offers a 
search tool for consumers to find certified wood products. 

 
·  The Nature Conservancy has created a Climate Change Initiative79 alongside its 

ongoing conservation projects that focuses on three strategies: supporting local, 
national and international policies to limit emissions; mitigating the impacts on 
flora and fauna by evaluating the risks to ecosystems and designing long-term 
strategies to help them; and demonstrating the value of protecting and restoring 
forests and grasslands to reduce global warming emissions and conserve 
biodiversity. The last category includes “climate action projects” that now protect 
more than 1.7 milli on acres of forest, including a 1.5 milli on-acre tropical forest 
in Bolivia that had been destined for timber. TNC negotiated a carbon-offset 
project for the land with the government and three energy companies and helped 
terminate the logging rights to the land. These go beyond most carbon-offset 
programs by using a variety of tools to assess the climate impact on the area, 
including satellit e imagery. The programs aren’ t all overseas, either. Through its 
Midwestern forest restoration project, TNC is restoring almost 1,000 acres in 
Ohio and Indiana and estimates that the project will “ reduce, avoid or mitigate 
approximately 550,000 tons of carbon dioxide over 40 years by bringing back 
native forests to this area.”  

 
Opportunities for Funders 
 
In seeking further solutions, it’s helpful to look back at the main causes of climate change 
in the first place: electricity, vehicles, industry and unsustainable forestry. While it is 
important to mitigate the problems that now exist, those efforts will be futile unless we 
also address the root causes of the problem.  
With 4 percent of the world’s population, the United States produces 22 percent of its 
GHG emissions.80 Of those emissions,  
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·  40 percent come from electricity generation,  
·  33 percent from vehicles,  
·  18 percent from industry,  
·  6 percent is residential. 

 
It is completely within our means to have an impact on those numbers. The Union of 
Concerned Scientists estimates that simply raising the average gas mileage to 40 MPG 
would eliminate the equivalent of 44 milli on cars’ worth of emissions – nearly half the 
number of daily commuters in the U.S.81  
 
Of course, most of those efforts don’ t fall i n the realm of the average forest-focused 
funder, who is more likely to work in the conservation area. While conservation and good 
forest stewardship isn’ t likely to radically decrease North American emissions, it is a very 
important part of the equation. First, it is vitally important to ensure that the standards 
remain high for sustainable management of carbon sequestration parcels. Secondly, 
nearly 25 percent of the world’s CO2 is generated by harvesting or disturbing forests. 
Every minute, another 64 acres of the world’s forested land is lost to ill egal or 
irresponsible logging, clearing for agriculture or development, or forest fires.82 

Meanwhile, the forest products industry harvests 680 billi on board-feet of lumber per 
year for paper and timber products, for which demand continues to grow at alarming 
rates. The world’s demand for paper alone has grown fivefold in the past five decades 
and is expected to double again in the next five.  
 
All of that harvesting, logging and clear cutting causes bursts of CO2 to be released, 
while also eliminating the carbon sequestering benefits the forest had offered for the 
future. Logging of virgin forests in the Pacific Northwest alone released between 5.5 
billi on and 6.6 billi on tons of CO2 since 1900.83 So while protection isn’ t the full solution, 
it clearly does reduce emissions as well . 
 
There are many opportunities in policy, public education and other fronts to work 
generally on climate and clean energy issues. Clearly, anything that we, collectively, can 
do to control carbon emissions will be an important step, specifically focusing on 
electricity generation and use, and vehicle emissions/eff iciency. For the purposes of this 
paper, however, the solutions described below will focus on mitigating the impact on our 
forests and ecosystems.  
 
Many highly valuable efforts are already close to home. These include promoting public 
awareness campaigns; lobbying for sustainable public policy in fire, water, land-use and 
forestry; supporting urban forests; promoting clean energy sources and regulation; and 
using funders’ convening power to bring a multitude of voices to the public debate. 
We will focus on three areas: Public Policy, Expanding the Knowledge Base, and 
Connecting. 
 
Public Policy: 
 
A multitude of possible policy changes, large and small , are needed to address the issue. 
These include the following: 
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·  Sustainable Forestry: Worldwide, unsustainable forestry not only destroys current 
habitats but also contributes to CO2 emissions and disrupts the natural landmass 
that forests could move into as they adjust to warmer climates. Meanwhile, the 
forest products industry, by its own admission, is the third-largest user of fossil 
fuels in the U.S. manufacturing sector.84 While electricity, vehicles and industry 
produce far more emissions here than forest loss, sustainabilit y is still urgently 
needed. One way to support it is by backing the Kyoto Protocol or its goals. 
Another is to broker carbon sequestration deals that preserve forests and support 
monitoring activity to ensure their sustainabilit y.  

 
·  Policy that incorporates paleoclimatology perspectives, such as water policy in 

the U.S. West, is also greatly needed. Droughts have been a cyclical fact of li fe on 
this planet for millennia and the current drought zones are expected to get dryer as 
temperatures rise. As a result, current water policy regarding distribution may 
need to be re-examined with drought, not abundance, as the norm.85 

 
·  Similarly, efforts are needed at a national and state level to promote climate-

protecting policies, especially in electricity-generating emissions. Because of the 
impact of both pollution and the climate change it provokes, forest funders have a 
tangible stake in supporting stronger emissions controls. This includes promoting 
clean energy sources and regulation, along the lines of Massachusetts’ Green 
Power Partnership, as well as promoting wind energy or biofuels in rural 
development projects. 

 
·  The Pew Center urges governments, communities, businesses and individuals to 

take a number of actions to reduce the impact on aquatic systems, including 
maintaining riparian forests and habitats, reducing pollution, restoring damaged 
ecosystems and strategically placing new reservoirs to minimize their ecological 
impacts.86 To that, we might add flood control and policies for a more sustainable 
water management. 

 
Expanding the Knowledge Base: 
 

·  Monitoring programs: There is a great deal of current research into climate 
change, but there are also many opportunities for funders to have an impact. 
Among those are efforts to monitor the impact of climate change on forests, water 
and avian and animal li fe through governmental, nonprofit and academic sources. 
Developments in the science of conservation biology – the applied science that 
helps us understand which forest conservation steps are likely to be optimal – are 
also needed. Furthermore, funders who focus on the preservation of specific 
wilderness areas or forest ecosystems also could help fund, or leverage funding 
for, assessment of the impact of different climate change scenarios on those 
places; and then use that information to map out different adaptation and 
mitigation plans.  

 
·  Public Education and Outreach: Possibly the most urgent need is putting a face on 

the issue. In North America, the public simply doesn’ t understand how climate 
change will affect it and the forest landscapes we value. Nor do we understand the 
simple, specific ways we can make a difference. Funders could help create 
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location-specific information about the current and projected impacts of climate 
change. These could then help inform public awareness campaigns involving park 
rangers or literature in national and private parks, resorts and recreation areas, all 
carrying the message of individuals’ impacts on climate change and of its impact 
on their interests in water, recreation, travel and protection from extreme weather. 
Targeted campaigns aimed at hunters, anglers, and other groups who highly value 
forests and waterways could help bring new alli es into climate and energy 
politi cs, as groups like the National Wildli fe Federation have been undertaking.  
Larger-scale public awareness campaigns – such as Cali fornia’s Clear the Air Day 
campaign – have been very effective in conveying the costs of pollution. A 
climate-change message could easily piggyback on this type of program, as well 
as on similar public health campaigns (see CBGD paper on Climate Change and 
Health). 

 
·  Setting Examples: By providing the funding for electric vehicles in national and 

state parks, solar-powered (or other alternative energy) park headquarters and 
model solar homes or cabins, forest funders can have a tremendous impact on 
public awareness of alternative energy solutions. Each of those settings could also 
provide consumer-focused brochures on the latest technologies and a cost analysis 
of implementing them at home.  

 
·  Offer tangible solutions: The Union of Concerned Scientists has a list on its web 

site of f ive “Common Sense Solutions” for the consumer.87 These include 
demanding and buying hybrids and fuel-eff icient cars; switching to electric 
companies that offer 50-100 percent renewable energy; replacing old appliances 
with energy eff icient ones and buying sustainably harvested wood products. 
Public education campaigns need to include this level of “action steps” – that is, 
clear, easy and immediate – to be effective on a broad scale. 

 
·  Connect Fire with Climate change: Connect climate change with existing “hot 

buttons.” In the last ten years, 500,000- to 1,000,000- acre forest fires have 
replaced the 20-30,000 acre fires of the past throughout western North America, 
but have gone unreported in the media. In recent years, six states and Canada have 
experienced the largest fires in their recorded history, most of them exceeding 
500,000 acres. In addition to the huge release of carbon during these fires 
(negating the forests previous carbon sink role), this has a direct effect on taxes, 
property insurance and personal insurance costs. Thus it could be an easy way to 
tack climate change onto a current public education campaign. 

 
·  Go Local: On a very local level, change can come from every tree that is planted 

along a city street. The greatest opportunities for impact in this area are through 
efforts to preserve green space and promote smart-growth policies that protect 
green belts in and around urban areas. This helps produce more carbon sinks and 
provides shade from hot summers, reducing fuel costs. It may also lessen the 
impact of human-caused migration barriers for trees, plants and birds as their 
habitats move northward. Clearly, green corridors around cities are even more 
effective in reducing those barriers, and the preservation of Canada’s boreal 
forests, which represent the largest contiguous forest in the world,88 is the most 
effective. 
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Connecting: 
 
Perhaps the greatest role the funding community can play is in its vast abilit y to bring 
diverse voices to the table. As we’ve seen with the Pacific Forest Trust, World Wildli fe 
Fund and Rainforest Action Network, when we connect the water- and forest-protection 
community with industry, tremendous amounts of good can happen.  
 

·  Developing partnerships to address climate issues crossing various fields, 
including forestry, biodiversity/conservation; land use/smart growth; sustainable 
agriculture and energy; economic development and public health. 

 
·  Embedding sequestration issues within ecological/conservation approaches. 

Collaborations with industry to both decrease emissions and create wooded areas 
as carbon sinks can help mitigate the problem. However, as climate change 
impacts become more noticeable and severe – and as carbon sinks are credited 
towards countries’ climate obligations – there may be a “rush to plant.”  Funders 
could play a major role in guiding this impetus into an approach that understands 
that forests are more than just trees.  This could include informational help in 
assessing the sequestration contributions of plantations vs. forests; research on 
best practices to boost the sequestration services of forests while preserving 
ecosystems rather than increasing monoculture; and convening policymakers, 
affected communities, and researchers to address these issues and develop 
ecologically sound plans for specific ecosystems. 

 
·  Seeking out the most progressive wood products corporations and Timber 

Investment Management Organizations (TIMOs) for leading partnerships. 
Because these groups already bridge the knowledge gap between the forest-sector 
and the investment world, they are uniquely able to help lead many of these 
efforts. This would also help progressive timber organizations enter market 
streams and ultimately affect the policy realm. 

 
·  Build bridges across the U.S. borders with both Canada and Mexico to bring more 

perspectives and knowledge into the equation, while fostering joint efforts to 
preserve forests and habitats that cross border areas. Use these joint efforts to help 
create large, interconnected networks of parks to offer a natural pathway for flora 
and fauna to shift with the climate, and work to adjust international policies on 
parks and logging to address this need. 
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CONCLUSION 
 
The collective body of research into climate change paints a bleak picture of its impact on 
forests and terrestrial ecosystems. Forests will shift in location, habitats will be destroyed, 
songbirds that we have come to expect each spring will no longer nest in our parks. 
Without addressing the issues, our crops will fail to produce, as polli nators lose their 
habitats, and animals that every child reads about will become extinct. Water will become 
scarce where we need it the most and the fish we’re accustomed to seeing in our waters 
will be driven out. 
 
The impact of climate change is both highly complex and immediately simple: Habitats 
respond incrementally and not always in predictable ways, yet each bird that nests earlier 
is one, simple sign. Preventing or mitigating the problem is equally convoluted, both 
overwhelming in complexity and yet conquerable by simple changes in our everyday 
lives. For those already working in conservation, the shifts in approach are relatively 
small and involve bringing information on climate change into their conservation 
strategies. Equally straightforward is the need for maintaining an ecological approach in 
the growing interest in carbon sequestration projects, to ensure that the forests chosen are 
managed well . 
 
As Malcolm Gladwell wrote in The Tipping Point: How Little Things Can Make a Big 
Difference,89 any major new trend requires a variety of players. The ones he calls Mavens 
are the thought leaders, the people who tend to know every detail of their subject 
material, the ones others will always call with a technical question. Then there are the 
Connectors: They are those people who seem to know everyone, who listen to the 
Mavens, and know exactly who needs to know that information. And lastly, there are the 
Salesmen, the people who latch onto an idea and convince their peers to follow. 
 
Climate Change has plenty of Mavens. And there are plenty of groups acting as 
Salesmen, from NGOs like NRDC working in grassroots campaigns to the $525 milli on 
investment by the Clean Energy States Alli ance in a new branding campaign for clean 
energy.  But true to Gladwell ’s thesis, the public still hasn’ t heard the message. What it 
needs are Connectors: the people who personally know a wide range of people who 
“make things happen” in policy, advocacy, venture capital and law. Public education and 
advocacy are part of that, but the work of Connectors also happens on a personal level. It 
happens in that phone call to a colleague who isn’ t in the circle but should be. It happens 
with a comment to a friend in venture capital who’s also an avid hiker. It is a daily effort 
of connecting trends and information with the people who can do something about them. 
 
By pulli ng together issues, expertise, information and constituencies across the forest-
climate lines, the funding community can fulfill a major Connectors role.  It could 
mobili ze significant sources of politi cal power towards climate solutions.  It also could 
embed deep commitment to terrestrial ecosystems into those solution paths.  This role is 
desperately needed. 
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A Carbon Primer 
 
A metric ton is equal to 1000 kilograms or 2205 pounds. A metric ton of CO2 is emitted 
when you: 
 
 •  Travel 4,000 miles in an airplane 
 •  Drive 1,350 miles in a large sport utilit y vehicle 
 •  Travel 17,000 miles by inter-city bus 
 •  Drive 6,000 miles in a hybrid gasoline-electric car 
 •  Run your central air conditioning for 330 hours 
 •  Have your computer on for 10,600 hours 
•  Cut down and burn a tree that was about one foot in diameter 
 
Annual per capita CO2 emissions for the average American: 24.2 metric tons 
Annual per capita CO2 emissions for the average Spaniard: 8.8 metric tons 
Annual per capita CO2 emissions for the average Indian: 1.8 metric tons 
 
Source: The Nature Conservancy 
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SIDEBAR #1: A Paleoclimatology Perspective 
 

Shifting the Perspective to a Mill ennial Level 
 
Until recently, the debate on climate change predominantly relied on recorded data from the past two 
centuries. To some degree, that’s for good reason: The impact that humans have made on our 
environment since industrialization is unprecedented. Also, the data – and personal memory – exist, 
making it relatively easy to pinpoint shifting global weather patterns. Short-term comparisons are 
significant because we have a reference point for them. 
 
The problem, of course, is that our reference point can be skewed. For instance, many discussions of 
climate change use the pre-industrial era as a base point for temperature or vegetation comparisons. 
As a result, our collective goal in restoration projects has been to work towards a return to the forest 
models of that time. 
 
Recently, however, some scientists have started to question that assumption. By looking at a 
combination of data – including tree rings of high-altitude forests, carbon levels in ice packs, lake and 
ocean sediments and coral reefs – paleoclimatologists have expanded our understanding of climate 
changes to a multi -mill ennial level.  
 
Constance Mill ar, a U.S. Forest Service geneticist who studies forests’ responses to climate change, 
has charted what she calls a symphony of overlapping weather cycles, some lasting a few years, others 
decades, centuries or mill ennia.1 Perhaps the best-known is the El Niño/La Niña decadal cycle of 
warm, wet weather, followed by cool, dry periods. Less obvious is the Pacific Decadal Oscill ation that 
causes abrupt changes every 25 to 40 years, which affect rivers, snowpacks, forest productivity and 
aquatic li fe on the West Coast.2  Each of those cycles is influenced by a combination of factors, 
including ocean currents, solar flares and the earth’s orbit. 
 
Overall , the past two milli on years has been marked by 50 extended glacial periods, interspersed with 
warmer, interglacial times like those we see today. Caused by regular changes in the earth’s orbit, the 
transitions between these periods are often very abrupt, on the level of a few years or decades. Many 
evolutionary changes can be pinpointed against those transitions.  
 
As a result of Mill ar and other researchers’ work, we now know that the 500 years between 1400 and 
1900 AD were a time of unusually cold weather, referred to as the Little Ice Age. Now believed to 
have been caused by a centennial cycle, it was also a time of unusually high precipitation, leading to 
extensive forest growth. As a result, Mill ar has concluded that forests that developed during those 
years – that is, the exact forests we are using as “pre-industrial” benchmarks – are a poor model for 
either restoration today or for forests adapted to future, warmer conditions.2 

 
Meanwhile, the decades between 1945 and 1975 were highly unusual on a mill ennial scale. They were 
a time of abnormal stabilit y, with constant snowfields, consistent precipitation and relatively few 
extreme weather events. However, that was the era when much of the U.S. public policy was created 
around water use and rights. As a result, the policy reflects a time of unusually abundant water flow 
that has haunted Western States ever since.3 

 

There are two main messages to glean from the mill ennial perspective. First, many of the changes that 
the broader public tends to blame on human intervention actually are caused by that long-term 
climatic symphony over which we have littl e control. That doesn’ t let us off the hook, though. The 
other lesson is that all of the emissions, deforestation and temperature changes that we are causing 
will only be exacerbated by the ongoing cycles. So it’s not just an issue of rising temperatures: We’re 
also doomed to wet/dry weather cycles that will t urn lush landscapes into fire hazards and dry 
creekbeds into flood zones in a pattern that to most eyes appears highly unpredictable. 
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SIDEBAR #2 
Carbon Sequestration: Forests as a Poli tical Tool 

 
Carbon sequestration is the process of lowering levels of atmospheric CO2 by trapping them on or 
below the earth’s surface. There are two main approaches: One is to pump CO2 underground into 
porous rock or cavities; the other is to use plants’ natural process of photosynthesis to absorb it.  
 
While the oil i ndustry has used geologic sequestration since the 1970s to enhance oil and methane gas 
recovery, sequestration’s role as a mitigator of climate change only reached the public eye through the 
Kyoto Protocol. The 1997 treaty between roughly 180 countries committed 38 industrialized nations 
to cut their GHG emissions to 5.2 percent below their 1990 levels by the year 2012.1 Those countries 
or industries that could not hit those targets through emissions control could offset their balance by 
investing in clean energy in developing countries, geologic sequestration or purchasing “credits” , 
either from nations whose emissions fall below the targets or from landowners who agree to 
sustainably manage forests in perpetuity as carbon sinks. 
 
That sparked a widespread interest among the forest-protection community in using those carbon 
markets to create a major new source of financing for forest conservation and restoration.  
 
While the United States originally signed the treaty, the Bush Administration backed out in 2001 
without seeking the needed Senate approval, which left the treaty in limbo.2 Several of the original 
signers, however, have continued their plans without the largest offender. The European Union 
announced in April that it would proceed with Kyoto plans and is expecting to place emissions limits 
on 10,000 faciliti es by 2005. The United Kingdom also announced a highly ambitious plan in January 
to cut CO2 emissions more than 16 percent below 1990 levels by 2008, substantially surpassing its 
Kyoto goals.3 Russia also said in late May that it would accelerate its efforts to ratify the treaty. That 
could give the treaty legal force by 2005.4  
 
The recent announcements have caused a new surge in credits trading. In the first four months of this 
year, 64 milli on metric tons of CO2 credits were traded, according to the World Bank, in contrast to 
72 milli on metric tons in 2003. Those trades have been doubling annually since 2001 and could nearly 
triple this year.5 

 
North America is in an excellent position to offer well -managed forests as offsets, due to the expanses 
of forest that still remain. According to the Pacific Forest Trust, which brokers some of those credits, 
the United States is especially well suited to play that role due to its vast amounts of private forests, 
current forest conditions and well -established legal system. Several states, in fact, are already 
proceeding with those trades in lieu of federal support for Kyoto, with hopes of creating a 
standardized, state-based trading system nationwide (see “What’s Being Done”).6 

 
Geologic sequestration may sound like a far-fetched idea to quietly make our waste disappear, but it is 
actually a proven method. In 2000, the U.S. petroleum industry injected 32 milli on tons of CO2 
underground as part of its enhanced oil recovery operations, the equivalent of 6 milli on cars worth of 
emissions for an entire year.7 That’s a far cry from offsetting the emissions from the 97 milli on 
Americans who use gasoline to drive to work every day in private vehicles8, or even the potential 
emissions reduction from raising gas mileage to 40 MPG – estimated to eliminate 44 milli on cars 
worth of annual emissions9 – but it does indicate the potential of underground storage. Other ideas 
have been to pump CO2 below subsiding cities like Venice to alleviate the problems of the rising tides 
of climate change. 
 
The Union of Concerned Scientists sees geologic carbon sequestration as one potentially viable option 
to achieve reductions in carbon dioxide emissions and atmospheric concentrations. However, it warns 
that this is no “silver bullet” : The safest and highest priority, it says, must continue to be improving 
energy eff iciency in power generation, transportation and industry, and protecting threatened forests. 
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INTERNET RESOURCES 
 

- Intergovernmental Panel on Climate Change, http://www.ipcc.ch 
- Web site of Global Warming Early Warning Signs at http://www.climatehotmap.org 
- UN Framework Convention on Climate Change: www.unfccc.de 
- UNEP World Conservation Monitoring Centre: Report on Biodiversity and Climate 

Change: www.unep-wcmc.org 
- To track the events around politi cs of global warming go to the International Institute 

for Sustainable Development web site at http://www.iisd.ca 
- The Pew Center on Global Climate Change, http://www.pewclimate.org 
- The Union of Concerned Scientists pages on climate change, 

http://www.ucsusa.org/global_environment/global_warming/index.cfm?pageID=27 
- U.S. Climate Change Science Program (which includes the U.S. National Assessment 

of the Potential Consequences of Climate Variabilit y and Change), 
http://www.climatescience.gov/ 

- The USEPA has created a climate change glossary that is available at 
http://www.climatenetwork.org/canglossary.html 

- The Heat is On Line: www.heatisonline.org 
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