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This paper iscommnissoned by the Consultative Group onBiological Diversity, with
Kristen Bole asthe wllabarating auhor. Thisisonein athreepart series of trangdation
papers addressng climate change anditsimpacts on aceans, forests, and human and
wil dlif e health.

ABSTRACT

This paper provides aforestry perspedive on climate change, oulining the dimate's
impad on the forests and waters of North America and their ecosystems. The aumulative
body of scientific reseach indicaesthat climate dange is alrealy affeding the
continent’ s forests by shifting their locations, fostering greder infestations by pests,
increasing their fire susceptibility, inuncating coastal forests, endangering wil dlife,
changing migration petterns and causing an overall | ossof biodiversity. These changes, in
turn, will have arange of negative eonamic consequences, among them lossof jobsin
the forest products industry, greaer struggles over water rights, shifting centers of
agricultural production, further dedinesin pdli nators for crops and dvinding

posshiliti es for outdoar reaeaion and tourism. The paper highlights diverse
oppatunities for fundersto use these interconredions to engage the pulic, encourage
partnerships and suppat effedive adion by influencing more productive palicies and
pradices.

INTRODUCTION

Forests play an integral rolein North American culture, natural resources and ecnamics.
Comprising one-third of the United States’ land mass and 45 percent of Canada's,
forests provide awide aray of benefits. These range from habitat for the inseds that

palli nate our crops to oases for hikers to the lumber, pup, and paper industries that
employ 1.7 million people and contribute nealy $300 hlli on annually to North American
emnamies.® 2 Forest waters also provide drinking water, habitat for fish, reaeaionand
irrigation.

Thaose forests have been at risk for years due to ursustainable use, pdlutionand
encroading development. Now, the body of scientific reseach showsthey are dsoin
peril from amuch larger danger: climate dange.

There has been gred dispute over the “what ifs” of climate dhange, ranging from whether
human intervention ended the Little Ice Age in the late 1800 (ostensibly a positive
development), to the validity of projedion models going forward. The rate of change
over the next 100yeasis aso debated, with estimates of average global temperatures
rising 2° - 6°C over the next century.*



What is not disputed is that industrialized and developing nations ali ke have made a
tremendous impad onthe eath’s temperatures, atmospheric CO-level, water and forests
and that any mitigative dforts 9 far have made littl e substantive dhange in the rate of
that impad.

Much of the popuar debate on climate diange has focused on pdar ice cgs, seawater
levels and rainforests. Y et, whil e the United States generates 22 percent of the
greenhouse gas (GHG) emissons that are known to affed climate change,” most of thase
issues fed very distant to North American lives. That is abou to change. From increased
droughts, fires and Hights, to adwindling number of ski resorts andthe end d autumnal
colorsin New England, the impad of climate change on ou forests will become
increasingly obvious to the average North American in ou children’ s lifetimes.

Some changes are drealy being felt throughout the world. Rafting companies, for
instance, have started going out of businessdue to low water levelsonriverslike the
Colorado? caused by drought, and in Switzerland, 15 rcent of ski resorts are nolonger
snow-reliable, causing Swissbanks to stop lending to Alpine resorts at low elevations.”

Science orrobarates those dnanges. Global mean surfacetemperatures have increased
0.6°C (1.1°F) since 18802 when much of the record keeping began onclimate change.

Y et the pacehas picked uprecently. The ten warmest yeas of the 20" century all
ocaurred since 1985,and 1998was the warmest yea on reaord.> *° Whil e we now know
that the EI Nifio/La Nifa ¢ycle has been accurring for hundeds of yeas, the 19978 cycle
was marhed by the warmest seawater temperature sincethe ¢ycle was first documented
in 1860.

One undsputed effed of global warming is an increase in “extreme wedaher events’:
floods, fires, droughts and heavy rainfall. Worldwide, the number of those events over
the past threeyeas — among them the 2002floods in Germany, Europe' s 2003 rea
wave, forest fires throughou California and the recent floods and mudslidesin the
Caribbean —is unprecalented. Today, orein nine U.S. towns gets alarge portion d its
annuel rainfal from single heavy storms, up 37 [ercent from the 1920s.*2

Mega-forest fires also have increased dramaticdly in the past ten yeas. The Boise Fire
Center, which isthe centra command pant for fighting large-scde forest fires, reports
that wheress fires rarely burned more than 20,000to 30,000aaes throughout the 20"
Century, fires now scorch upwards of 500,000aaes at atime throughou western North
America In the past decale, bah Alaska and Canada have experienced million-aae
fires, while Arizona, California, Montana and Oregon have dl experienced the largest
forest firesin their recorded history, ranging from 500,000aaesto 740,000aaes.
Colorado hes also broken records with a230,000aae fire. This has adired impad on
our forestsand wild areas, as well as on state relief funds and insurance sts.

In fad, during the decale of the 19905, there were 72 extreme weaher events worldwide,
with an average annual pricetag of U.S. $40 hlli on and highs of $60 hlli on per yea in
baoth 1992and 1997 The decale of the 19505, by contrast, only saw 13 extreme weaher
events, with inflation-adjusted costs of lessthan $5 hlli on per yea.™®



Whil e thase seam to be small changes and isolated events, their impad is dramatic.

Paleoclimatol ogists, who study climate changes ona Quaternary level (past 2.6 million
yeas) andthe arrent Holocene (0 to 10,000yeas ago), have tradked temperatures,
cabonand ecsystem changes over milli ons of yeas. Their work depicts repeaing and
overlapping cycles with temperature shifts of upto 20°C — 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 afew yeas or decales.**

Thaose studies present an informative view of what we can exped to see & our climate
changes further. Throughout the mill ennia, these shifts have had a strong effed onfire,
flood,insed infestations and dsease, with resulting impads on forests, their animal
inhabitants and ather terrestrial ecosystems.™

Where the studies beaome darming isin refleding the aurrent rate of change ayainst the
degreeof variation from what we consider to be normal. The Intergovernmental Panel on
Climate Change (IPCC), which compil es international scientific data onthe subjed, has
charted the eath’s median temperature for the past 1,000yeas, including recent changes
and projeded temperatures, acording to variancefrom our “norm” —the average
temperatures from 1961to 1990 On that scae, the global temperature changes for the
past 1,000yeas appea to vary in a g/clicd, even pettern, bu the past 140yeas fods
abowve therest. The estimated changes over the next century (in this projedion, upto 6°
Celsius) skyrocket, rising ten times faster than the sustained temperature increases snce
the last ice aje (seeFig. 1).%’

Fig. 1 Estimated global warming for the next century shoas above multi-
mill ennial variance, regardlessof the projedion model. Source|PCC.



Theimpad of that temperature shift is highly complex and also extremely variable ona
locd level, which is one reason scientists have had such a difficult time derting the
pubdic. That difficulty is compounded by the lay perspedive that equates weather — daily
locd temperatures and predpitation —with climate, which isthe average murse of
wedaher, usually over aperiod d many yeas. Thus, climate-change naysayers will point
to an extremely cold or snowy winter as proaof that global warming is not occurring, when
in fad it substantiates the global climate shift toward extreme weaher events.

For the purpase of this paper, we will focus onthose impads aff eding North American
forests, waters and their ecosystems — bah in red-time studies and paleoclimatology
reseach —with some mention d the dfeds on spedes and uses that will ripple bad to
the forests (animal life, migration, pdl ution, agriculture, ecnamics).

On the pasiti ve side, warming temperatures and greder rainfall mean increased
vegetationin some aeas, which can serve & an important “carbonsink” for absorbing
the high levels of CO, that contribute to global warming in the first place In the short
term, an increase in CO, also fertili zes plants and causes them to use water more
efficiently.'® The grea irony of increased vegetation, havever, isthat it also provides
excdlent fuel for forest- and grassfires. Thase caise asingle, high-level burst of CO,,
which is harder for the @amosphere to absorb than gradual CO, emissons.*®

The majority of changes, however, will negatively affed our forests, which range from
tropicd rainforest in Florida to the permafrost taiga (bored forests) in Canada and
Alaska. Among those dhanges are weaher extremes, as well asrising seawater levels
that can inuncite mastal forests.?’ Longer, hatter summers mean dwindling foodfor
arctic animals such as paar beas and dyer agricultural landin the U.S. grain belt.
Warmer winters mean forests, crops and animals will be vulnerable to pests that normally
arekill ed off by long, cold periods, while warmer wintering grounds for birds leads to
ealier migration, sometimes before their food sourceis avail able dong their migration
path. That nat only contributes to dwindling animal popuations, bu aso to increased
pest problems when those inseds hatch without a source of predation?*

The Pew Center on Global Climate Change, a nongofit that compil es numerous reports
ontheisaue, estimates that the projeded warming also will cause dhangesin dstribution
of freshwater fish, interfere with many aquatic spedes’ reproduction, reduce water
quality and add to the aurrent stresson wetlands.??

Warm wedher also hasadired effed onforest locaion. The U.S. Environmental
Protedion Agency (EPA) estimates that even a 2°C warming over the next 100yeas —
the lowest end d projedions—would shift the ided range of many North American
forests northward by abou 200miles. That’stwo miles every yea, avisible level of die-
off and expansion2*Mid-range projedions of 3°-4°C warming would completely wipe
out the beedr-mapl e forests of New England within this century.



Bored forests, which compase 35 percent of Canada s land massand represent the
largest contiguous forest in the world, are expeded to move northward by 60to 420miles
by 2100%* These forests are the breading groundfor more than 60 prcent of Canada's
bird popudation, with roughly threebilli on kirds nesting there annwelly. Thetaigaisaso
home to the world's largest caribou terd, the second-largest wolf popuation, and pdar,
bladk and grizzly bears.?®

Eadc o thoseresults hasaripple dfed ontourism, reaedion and the eonamy. Aswith
the rafting companies and ski resorts, inns that have based their fall occupancy on autumn
colors or salmon fishing will | ose that business Southern towns that have relied onforest
products industries for jobs will find themselves ssdded with high uremployment rates
in apopuationthat often is not techndogicdly savvy enowgh to find jobsin new
industries.?®

There is hope, though. The potential solutions are a interwoven as the problem itself,
leaving room for both simple and complex approaches. Worldwide, eledricity generation
isthe largest single source of greenhouse gas emisgons, contributing 37 percent of all
CO, emissons.?’ That makes alternative energy an ided placeto start, and nd just in
China. In the United States, 40 percent of the CO, emissons come from eledricity
generation, whil e transportation generates 33 percent and industry ancther 18.5 percent.
Thus, any efforts toward aternative power and automotive fuel efficiency could have a
red impaa.?® Likewise, coll aborations with industry to dearease enissons and
creae/preserve wooded areas as cabonsequestration projeds have the potential of
mitigating the problem, whil e preserving natural habitats indefinitely.

Ancther fundamental source of the problem is land-use dhange, making that ancther
excdlent placeto start. While media dtention focuses on rainforest destructionin Brazil,
forest destruction continues in the United States and Canada & well, through logging,
agriculture and uban sprawl. Contiguous forests are cmnsidered crucial in enabling
spedesto adjust to climate change, while dso providing much-neaded carbonsinks, yet
those green corridors continue to shrink. The IPCC estimates that, hypotheticdly, if al of
the cabonreleased by historic land-use dhanges could be restored through reforestation,
CO, concentrations could be reduced by 40-70 ppm over the next century, roughly half
the anourt of atmospheric CO, that has been generated in the past century.?® As aresult,
any movement to bah stop andrevese the trend d those land-use changes is urgently
needed.

Most importantly, because of the complexity of the isaue, efforts to include adiversity of
voices in these discussons will pay off. That means, for instance, bringing the forest
conservation community into dscussgons with industry, to share its understanding of
forests as ecnsystems. It a'so meansincluding hydrologistsin puldic education
campaigns, as water is often the most noticedl e natural resourceto many North
Americans. Equally important are dforts to forge links between stakeholdersin forest
communiti es and climatol ogists or the nongrofits that focus on climate dange.



THE IMPACT OF CLIMATE CHANGE ON FOREST & WATERS
North American Forestsin Peril

One of the key lessons from paleoclimatologists is the cmplexity of climate cange (see
sidebar). Not only does the eath naturally experience an orgoing and owerlapping
“symphory” of climate g/cles, ranging from ten to athousand yeasin length, bu human
changes have alded their own syncopation. The combination d high levels of
greenhouse gas emisgons, pdlution, forest destruction and urban sprawl have alded an
ominous underbea to the ongoing cycles, with the dready discernable dfeds of rising
temperatures and extreme weaher patterns throughou the world. In North America,
those dhanges have dready begunto be felt by our forests, freshwater systems and
terrestrial ecosystems.

Global warming and extreme weaher patterns are expeded to have five key effeds on
our forests over the next century:

A geographicd shift of spedes northward or to higher altitudes;
Increased susceptibility to fire, floods and inundition;
Changing migration and resting patterns,

Increased infestations by pests

Andan oweral ossof biodiversity.
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Their resulting impad on North American econamies includes an expeded lossof jobsin
the forest products industry, greaer paliti cd struggles over water rights, shifting centers
of agricultural production, dvindling numbers of pali nators for agricultural crops and
forest flora, and dminishing prospeds for outdoa reaedion.

Rising Temperatures, More I nseds

Paleoclimatol ogists tead usthat terrestrial ecmsystems have responded dramaticdly to
both small and large dimate shifts. Over the @murse of the @ld-to-warm spedrum of
gladal/intergladal cycles, forests have withessed a mwmplete replacanent of plant
community types and massve spedes migrations. Forests and their inhabitants al'so have
shifted in bath latitude and elevation as the dimate warmed and cooled.* As Dr.
Constance Mill ar, from the U.S. Forest Service, naes, the most dramatic conclusionfrom
the past 2.6 millionyeasin the Sierrafossl record is how much and hav often plant
communiti es have changed, and hawv these dhanges have occurred ower relatively short
times.

Our erais nat exempt. As mentioned eali er, the EPA projeds that a 2°C warming could
shift the ided range northward, o higher in atitude, for many North American forest
spedes by 200miles over the next century. That is, as uthern parts of aspedes’ range
beammetoo hd, flora and faunawill gradually die out in those aeas and repopuate aeas
that are now too cold.

Asaresult, New England s forests of maple, birch and beed trees may give way to
southern caks and hickories. Sub alpine spruce-fir forests could also die out and sub
alpine meadows could disappea as mourtains warm.?
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These impads are expeded to be most severe in the northern-most forests, speaficdly
the taiga, or bored forests, of Canada and Alaska.® These forests, which namally have a
layer of permafrost only inches from the surface have dready begunto experience

melti ng soil s and insed infestations due to warmer winters. Bored forests are expeded to
move northward along with their wil dlife inhabitants by 60to 420miles by the yea
2100,at the expense of the tundra.’*

Whil e these aelikely to be hardest hit, the entire wntinent’s forests are expeded to
respondin kind. That includes the temperate rainforests that once ranged from California
to Alaska, 95 percent of which have been lost in the mntiguous United States.” It also
includes the tropicd rainforests of Florida, the dedduous forests of the Southeast and the
birch-bee-maple forests of New England®

What’ s wrong with forests moving north? In a perfed, natural world, it acually could be
fine for small er plants and treespedes whaose seals are spreal by birds, sincethey, too,
are moving to their ided temperature zone (seeimpad on ecsystems, below). After all,
spedes have been relocating to their ided climate zone for millennia.

Unfortunately, thisis nolonger a perfed, natural world. The vast amount of land that has
been developed, as well as roads cutting up the wil dernessand dams aaossrivers, has
creaed artificia barriers for spedesthat are trying to spread nathward.” As a resullt,
those spedes will | ose their southern ranges, but have nowhere to move. The paceof
change dso credes aproblem for oaks and aher nut-beaing trees, whose rangeislikely
to only spread afew hunded fed per yea, na the two milesthat climate changeislikely
to require.® This means the range of forest spedesislikely to shrink.

Given in aperspedive of easystems, this becomes a seriousisale.

Just as warmer temperatures generate greder vegetation, they also creae more habitats
for the inseds that inhabit those plants. Thus, thase same warm winters enabl e forest
pests and dsease to survive whil e providing more plants for them to live on, when
normally they would be wiped out by the @ld winter months.®

That problem is exacebated by the expeded shiftsin predator migration, some of which
are dready being documented. Jeff Price, PhD., whois Diredor of Global Climate
Change for the American Bird Conservancy and co-author of The Birdwatcher’s Guide to
Globd Warming, has developed a number of projedions of the impad of climate dange
on migrating birds.

Based onthe anticipated douliing of CO, from pre-industrial times, which islikely to
occur sometime in the next century,*® Price expeds threemain predators of the spruce
budworm — the Tennesseg Cape May and Bladkburnian warblers —to dsappea from the
southern baed sprucefir forests outh of Hudson Bay, learing the sprucevulnerableto
an infestation ™

Spruceforests farther north, in Alaska and Canada, have dready been affeded by their
own infestations. In the past seven yeas, the spruce bark bedle has infested more than
2.3 millionaaes of spruceforestsin Alaska, killi ng an estimated 30milli on trees per
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yea at its peek. Northern sprucebark bedle infestations have occurred every 20to 60
yeas over the past 250yeas, correlating with warmer summers, acarding to treering
analysis.'? However, the 199Gs had the longest run o warm summers sncethe ealy
180Gs. As aresult, the bedles, which dg into the canbian level of the spruce and girdle
thetree are aleto reproducefully in ore summer, rather than the normal two-yea cycle.

Over the past 25 yeas, the bedle has caused an estimated lossof more than 25million
board fed of sprucetimber in Montana, 31 millionin Idaho, 100millionin Arizona, two
billi onin Alaska and threebilli onin British Columbia.*®

In the Western rangelands, the savannah sparrows and sage thrashers that now control
grasshopper popuations also are expeded to move north. Pricesays asingle pair of
savannah sparrows and its young consumes an estimated 149,000grasshoppers during the
breading season. He @mncludes that unlessthe entire e@system responds at once, which
he sees as highly unlikely, there will be mgjor grasshopper and budvorm outbreaks.™

Warmer wintering grounds for birds contribute further to the pest problem. The Rocky
Mounrtain Biologicd Laboratory, in Colorado, hes documented that robins are ariving
two weeks ealier now than they did in the late 197G5.° The change, which is attributed
to warmer wintering areas, causes the birds to arrive before their food sourceis avail able,
sometimes when there ae still 1.5 meters of snow on the ground, making them
vulnerable to starvation. If migrating birds have moved onwhen the food source does
bewmme avail able, there won't be enough predatorsto keep the inseds/rodents under
control.

Weather Extremes

Whileit isdifficult to projed the spedfics of climate dhange — predsely which rivers will
inuncate or dry up, and which rangelands will become deserts —we do knaw that,
historicdly, warming condtions have been acaompanied by strong fluctuationsin
predpitation, aswell as by an increase in extreme weaher events.*® Thase fluctuations
bring rainfall to deserts and droughtsto orce-lush aress, aswell asflood-drought cycles.
The heary storms contribute to that flood-drought cycle by concentrating rainfall in such
ashort period d time that the water can’t be asorbed. Instea, it leads to rundf and
erosion —and thus parched soil . Each o those dfeds forests.

In the short-term, the expeded increasein predpitation will have some beneficial effeds,
namely the increased vegetation mentioned above. That increased vegetation is expeded
to aid some northern aress, at first, through increased agriculture and forestry production,
job creaion and reduced energy costs.” Aswe will discusslater, the benefits will
eventually be off set by easystem losses, as well as erosion and treedamage from
extreme rain storms.



In coastal zones, the mmbination d heavy rains and the ongoing risein sealevel is
expeded to damage wetland areas and inundate mastal forests, islands and coastal
communiti es.*® The IPCC projeds that from 1990to 2100,global mean sealevel will rise
by 0.09to 0.88meters,*® mainly due to seawater expansion as it warms and the alded
water from melted gladers andice cas.

From the longer perspedive, hawever, the late 20" Century was the wettest half-century
in the last two millennia®® That means the norm, to which we may easily return, is much
drier than what we have cme to exped. So while mastal areas are being inundhted,
regions we now consider to be lush farm- or forestland could return to their normal drier
condtions. This has a huge impad on hav we view our current and future water supgies.

Ironicdly, the expeded floods and rainstorms could spark disastrous wil dfires. Scientists
have split the last 8,700yeas into two fire segments.”* The first 4,200yeas were
charaderized by warm, dry condtions that creaed open, sparse forests with low biomass
and low flammability. The past 4,500yeas, by contrast, have had wetter climates, which
led to denser forest condtions, greaer biomass higher fuel loads and higher fire
frequencies. Theincreased intensity of the El Nifio pattern may have increased the role of
firein ou current era by creaing short cycles of vegetative growth, foll owed by drought-
induced de-off.

In the West, the U.S. Forest Service predicts that the most likely climaticdly driven
environmental change will be the increased frequency and duation d drought. “While
Global Circulation Models predict as much as a 30 percent increase in predpitationfor
California, greder evaporative demand imposed by higher water-holding cgpadty of
warmer air, and more rain-on-snow eventsin late fall and ealy spring are expeded to
result in an oweral increase in drought. Chronic drought, in combinationwith high air
pallution exposure, is expeded to further deteriorate forest hedth and alter ecosystem

structure and function”??

Cdliforniaisn’t the only victim, either. Whil e the Arctic may sean far away to most
Americans, it touches eat of usonadaily basis. For centuries, the northern gladers
have generated cod air for their southern neighbars, kegping winters colder and
preventing summers from getting too hd. Asthase gladers melt, the contiguous United
States is expeded to lose that codling effed, causing warmer winters and dyer summers
and droughts, espedally in the grain belt. According to aNASA Goddard Institute of
Space Studies computer model, Kansas would be four degrees warmer in the winter
without Arctic ice which could eliminate the freezes neaded to grow winter whea.?

Forest fires are dso likely to beaome more frequent and severe & il s become drier,
acording to the EPA. Aside from the obvious dangers of those large-scae fires, bah
ewmlogicdly and econamicdly, they also cause amassve release of cabonat alevel that
isfar more difficult for the @mosphere to absorb than the steady release from industry.?*

In alpine aeas, those droughts do more than just dry out the soil . Winter snow ads as
insulation for alpine plants. The reduction o snow cover islikely to gredly increase the
severity of temperatures experienced by apine plants and could be acriticd fador in
their survival, acording to the New Zedand-based Alpine Ecosystems Reseach
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Group?® The group concludes that deareased snowfall could be the most significant
thred to the mnservation d apine spedes and their ecsystems.

Pollution/Acid Rain

When Radhel Carsonwrote Slent Sgringin 1962,it shocked people aoundthe world.
Until then, most of the general pubic saw this century’s “progress’ in pasitive terms —
homes were eaily rid of cockroadhes or other pests with a simple spray, and agricultural
productivity had soared in the leeof insed infestations. To the average person, there was

nosaaifice

Carson' s bookand the increasing environmental awarenessthat grew aroundit caused a
widespread concern over pallutionand arisein pdicy change onindustrial chemicas—
at least in the context of heavy metals, DDT and rundf. Unfortunately, the problem still

remains with an even broader cast of charaders.

In the past two centuries, the cmmbination d deforestation and industrial/i ndividual
emisgons have caised cabon doxide aad methane @mncentrations to increase 33 percent
and 100 rcent, respedively.?® Whileice mres show CO, levels averaging around 250
parts per million (ppm) for the past 160,000yeas, they are arrently at abou 360 ppn
and are projeded to read 650 pmn by the yea 2100at the aurrent rates of emisson —
close to threetimes the multimill enial standard.

Thislevel of pdlution hasitsown dred effed onforests. Oddly enough, itsinitial

impad is pasitive. High CO; levels bath fertili ze plants and cause them to use water more
efficiently, which could help some forest spedes survive the warmer, dryer condtions.
However, trees at sites with high azone and ntrogen deposition have fewer roots, making
them more susceptible to drought stressand subsequent insed infestations.?”’

Some trees also show lower levels of phaosynthesis in those condtions, due to impaired
functionin their ssomata. Reseachers at the U.S. Forest Service s Padfic Southwest
Reseach Station compared pondrosapinesin ahigh-level pallution areaof the San
Bernardino Mountainsto athersin a “dean” areanea Lassen Volcanic National Park.
They foundthat moderate to high levels of ozone exposure (300to 320 ppn)
significantly deaeases somatal resporse to light and vapor presaure deficit. 28

Acid rainis also a onsistent player. First identified by scientistsin the 1950, add rainis
the result of sulfur dioxide and ritrogen oxides that are released into the amosphere by
coal-fired paver plants and fadories, vehicles and hane furnaces. Acid rain took center
stage in the mid-1980s, when German scientists estimated that half of the treesin the
Blad Forest had been damaged by it, showing lesionsin their foliage, led nutrient loss
inhibited formation d termina buds, higher sealling mortality and reduced resistanceto
the environment.?° Thus add rain is not only produced by the same sources that drive
much of global warming, bu it aso wegens forests and makes them more vulnerable to
climate change.

Whil e Europe has recaved the most pressover add rain, there ae plenty of North
American examples. In areas of naturaly occurring limestone, which is basic, the
environment can generaly adapt to a small amount of add rain. Areas withou natural
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limestone ae vulnerable, though, including parts of the U.S. Northwest and Southeast, as
well as sme parts of the Rocky Mourtains. New York’s Adirondadk and Catskill
Mountains also have thin soil s with low buffering cagpadty and have shown signs of add
rain demage.*

As an esystem, forests are doully affeded by aad rain and aher pallution becaise
their inhabitants are dso affeded. A recent study at the Cornell Laboratory of
Ornithology foundthat the woodthrush islesslikely to bread in areas with high levels of
add-tainted rain, snow, mist and fog, such as the Adirondad, Appalachian and Grea
Smokey Mourtains. In thase aeas, woodthrush nunbers have been droppng by upto
five percent per yea.3* Aswe will discussbelow, thase dedines have their own impact
on the forests aroundthem.

Ecosystem | mpacts

Birds are one of the eaiest bellwethersto tradk in climate dhange —the canariesin the
mines, so to spe&k, of changesthat are dfeding entire eosystems. That’s partly becaise
they are mobile and visible, and partly becaise one in five Americans considers
him/herself to be abirdwatcher. Asaresult, groups like the Cornell Lab of Ornithology
and Auduboncan haost annual bird counts and cerive locd and retional data from them.

There ae drealy signsthat birds are respondng to climate dhange. In additionto the
data mentioned abowve onrohins, astudy pulished last spring in Nature reported that a
dozen British bird spedes had shifted their ranges an average of 12 miles northward ower
the last 20 years.* In North America, the golden-winged warbler’ s range has moved
northward by 100 milesin the same timeframe, acording to Price, from the American
Bird Conservancy. The Nature study also cited numerous North American hbird spedes
that are migrating and kreeding nine to ten days ealier than they did 30yeas ago.
Among those is the prothondory warbler, which has been arriving from its Caribbean
wintering sites aday ealier every yea since 19873

By Price€ s projedions, 53 percent of the migrant songbirds that now nest in states around
the Grea Lakes are likely to move farther north duing this century. Meanwhile, he
predicts that the MidAtlantic regionwill | ose 45 percent of its nesting migrants and the
Grea Plains could lose 44 percent.®*

Whil e some spedes may adjust well to the changes, the most vulnerable could be hardest
hit. In North Carolina, most femal e red-cockaded woodpedkers have aljusted to the
warmer weaher condtions by laying their eggs ealier, acording to Stanford hiologist
Terry Roat,* who hes gudied two decales of dataon more than 200 irs of the birds.
However, birds with at least one inbred partner are not adjusting their egg-laying time,
making them vulnerable to shiftsin the foodsupdy. This could spell troude for
endangered spedes, many of which livein small, isolated popuations that easily become
inbred.

Root and Pricewere members of ateam of scientists who analyzed 143studies onthe
effed of global warming on various gedes, from moll usks and mammals to grasses and
trees, for 22003 @per in Nature.*® The studies showed a mnsistent, temperature-rel ated
shift in these spedes. The team concluded two things: First, that global climate dhange
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has already made adiscernibleimpad on animal and dant popuations, Secondy, that
the rapid temperature rise, alongside other stresses like habitat destruction, could easily
disrupt the interrelated communiti es in which these spedes live, leading to extinctions.

That is already occurring in the northernmost climes. While mammals are generally
considered more immune to temperature dhanges, the redity for some spedesis quite
stark, espedally when they live, like the red-cockaded woodpeders, in isolated ar highly
spedfic habitats. Of the estimated 22,000 ptar beas, roughly 60 percent live in Canada,
where their habitat is sirinking annually. Air temperatures in the Arctic have increased
5°C over the last 100yeas, with aresultant 33 percent deaease in the extent of Arctic
seaice The paceof that shrinkage has risen significantly over the past 30 yeas, with
threepercent dedines per decade between 1978and 1996alone.®’

Because the pdar bea depends ontheiceshelf for itsfood,fasting on land when there is
noice, the ealier icemelts and later freezes have adired effed onthe poar bea’s
hedth. The period from late April to mid-July is crucial hurting time for them, espeaally
for pregnant females, who generaly give birth in October-November.

A report on pdar beas through the World Wil dlife Fund (WWF)*® estimates that every
week ealier that theicebreaks on Hudson Bay correspondsto a22 Ib. weight lossfor the
beas, with adired effed ontheir reproductive hedth. In addition, late winter rains and
warmer spring temperatures destroy the snow lairs of the pdar bea, arctic fox and ringed
sed, expasing their yourg to the dements. Thisis expeded to devastate the sed
popuation —which isthe pdar bea’s main prey.

At the aurrent rate of change, models indicae that theice shelves will disappea
completely during the summer months by 2080,and the polar beas will beaome extinct
within 100yeas.

At the oppaite end d the food chain and temperature zones is the American Pika, a
small cousin of the rabhit that livesin the aal, moist mountaintops of the Grea Basin
between the Sierra Nevada and the Rocky mourtain chains. The WWF expeds the pika
to be the first mammalian casualty of climate change.®

These densely furred creaures aready have beaome extinct in some parts of their range
due to rising temperatures and the inabilit y to travel through the valleysto ather similar
habitat as theirs changes, acwrding to reseach by Erik Beever, an eclogist with the U.S.
Geologicd Survey (USGS).*® Whil e other alpine spedes are expected to migrate, the pika
is often urebleto doso. Thus, its current habitat has become limited to small, isolated
areas, with someindividuals never leaving a half-mile radius throughou their lives—a
problem exacebated by roads and aher migration karriers.
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While those aelikely to be ealy casualties, we haveto beredistic here: Most North
Americans likely have never head of either apika or ared-cockaded woodpeder, and
poar beasfed pretty far away from the mall. That doesn’t mean the changes in forest
eqsystems won't affed them, though. Where it’s most likely to hit home, oddy enough,
Isthe grocery store.

Thaose same forest easystems are dso hane to large numbers of the palli nators upon
whom we depend to perpetuate our food suppy. According to the North American

Polli nator Protedion Campaign, pdli nators enable the reproduction d 90 percent of
flowering plants — aff eding one of every threebites of foodwe mnsume.** Worldwide,
an estimated 1,000 6 the 1,300crop dants for food, dinks, fibers, spices and medicines
depend upon pdi nators, yet those inseds and animal s are vulnerable to numerous
chall enges to their habitat, from pallution to forest destruction to climate dvange. Asa
result, at least 82 spedes of mammalian pdli nators and 103spedes of bird pdli nators
are oonsidered threaened or extinct worldwide and fera bees are virtually gone from
North America American agriculture depends on these spedes, and they are quickly
dying out.

Public vasus Private Forests

One other fador will distinctly influencethe impad of climate dhange on our forests:
Who avns them. Whereas 90 percent of Canada's forests are government-owned,*?
nealy 60 percent of U.S. forests are owned by private individuals, representing the least
intensively managed forests. Industry owns ancther 14 percent and manages them most
intensively, whil e state and retional parks and forests make up the remaining 27
percent.*®

Each o thase will have aunique resporse to climate dhange, with unmanaged forests
being hardest hit.** Those forests that are highly managed, such as pulp and paper
plantations, tend to plant trees with shorter growing cycles and thus shoud have greaer
flexibility in adjusting to climatic changes. Interestingly, whil e these forests provide
important carbonsinks for sequestration rojeds (seemore on sequestration, kelow), the
forest products industry, by its own admisson, isthe third-largest user of fosdl fuelsin
the U.S. manufaduring secor.*

One other type of private “forest” that isintegral to ou econamy and beas mentionisthe
treefruit and nu industry. Vaued at $12 hlli onin the U.S,, fruit and treenuts represent
roughly 13 percent of the U.S. agricultural value.*® Whereas most farmers are expeded to
be &leto adjust their cropsto climate dhange, treefruit growers are stymied by a cstly
initial investment into a product that takes a decale or more to mature andis normally
expeded to producefor decales after that. These growers are generally not mentioned in
studies or analysis, but climate uncertainty and/or poa production could provoke tree
fruit growers to replaceorchards with shorter-term crops or sell them to developers. Both
would have aripple effed on carbonabsorption.

Not a Drop to Drink: Climate Change and Aquatic Ecosystems
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The fadors aff eding forests contribute & well to the demise of aquatic emsystems:
streams, rivers, lakes, wetlands and water tables. A recent report through the Pew Center
on Global Climate Change ancludes that this century’ s warming will cause changesin
freshwater fish locaions, interfere with aquatic spedes’ reproduction, reduce water
quality and creae alded stresson wetlands.”” The Pew Center report concludes that this
poses avery red thred to ou water’s dability and hedth, espeaally when acoompanied
by changesin land wse, pdlution and water diversionfor drinking and irrigation.

Rising Temperatures

Thereisincreasing evidencethat global warming both will, and hes aready begunto,
have asignificant effed on the world’ s waters. The drought that has lingered in the U.S.
West for the past 16 yeas*® is clealy attributed to climate change. How much of that is
human-induced isunclea.

Aswith forests, arecent study in New Scientist indicaes that temperature dianges have
made asubstantial impad on the flow of many of the 200largest rivers worldwide over
the past 100yeas, espedally in Africa which has posted a noticedle dedine in the past
decale done.*

Globally, those flows have increased and are expeded to continue to doso by four
percent for every 1°C rise in temperature. However, many of the rivers that provide water
for the mgjority of the world' s people have started drying out, including the Nile and
Mekong.>

Closer to hane, a dimate modeling team led by Syukuro Manabe & Princeton University
has projeded the dhangesthat the arrent rate of carbonemissons would have onthe
global hydrologicd cycle over the next three @nturies.>* Manabe charted the dfed of a
quadrupling of CO, levels over pre-industria times on levels of water vapor, cloud cover,
solar radiation and azone, and the ensuing changes to evaporation and redpitation. His
conclusionisthat fresh water flow would increase 15 percent worldwide, bu that water
streses will i ncrease significantly in regionsthat are dready dry. In North America he
predicts that soil moisture will fall by 40 percent in the U.S. Southwest. And whil e the
YukonRiver islikely to see a47 percent increase in flow, the Colorado will seefurther
shrinkage and the Misgssppi will start to dedine. It’sworth nding that the IPCC
projedions discussed ealier have estimated anea tripling in CO, levels by 2100,s0
Manabe' s estimates might be wnservative.

Rising andfalli ng waters are expeded to affed such dverse sedors as hydroeledric
power (which could increase relianceon fossl fuels), navigation, water quality and the
suppies of water avail able for agricultural, residential and industrial uses.>

Ironicdly, those aeas with increased rainfall and floodng might still seetheir share of
droughts. Both the northern Midwest and California ae expeded to suffer from that
combination, as warmer weaher causes s1ow to melt ealier and reduce summer suppies.

The trend toward water being concentrated in large storms will exacebate the problem,
since storm water tends to result in floodng and rundf, rather than acaumulating stores
for later uses.”® Manabe arts that the rising levels of the Y ukon,alongside the dropping

14



water tablesin the U.S. West, could also influence pdliti cd relations between the U.S.
and Canada, as the former triesto bargain for water from its northern neighbar.

Meanwhil e, arecent study of the Colorado River>* foundthat if temperaturesrise, the
basin’s rundf could drop by 15-20 percent, with an estimated $200$300million annuwal
cost to its water users. Thiswould suppat Manabe's prediction that these dhanges could
lead to an era of masgve dam construction to control water.

Aswith forests, thiswill have an impad on the geography of aguatic plants and animals,
and perhaps ontheir survival. Becaise many water spedes are ald-blooded, they are
often more vulnerable to changes in their thermal zones. Large-scde dam construction
would exacebate that vulnerability. Fish in lowland streams withou a northern escape
route ae expeded to be most effeded, alongside wld-water fish such astrout and
salmon, which are likely to seeshrinking habitat and are projeded to dsappea from
large portions of their current geographic range within the century.>

Those old-water fish are likely to be suppanted by warmer water spedes, such as large
mouth bassand carp. Both the warmer water and changing fish life dso are expeded to
produce more dgal blooms, which can lower water quality for al potential users.
Furthermore, those spedes that live in vunerable habitats gich as alpine wetlands could
die out entirely.*®

Meanwhil e, extreme wedaher events could have an even greder impad on water spedes
than onforests. Swollen rivers, dueto bah icemelts and heavy storms, increase the
turbidity in locd streams and could deaease the anount and quality of aguatic habitat. In
coastal aress, higher waters could increase the salinity of fresh water streams, as ocean
water segps upward. Droughts, onthe other hand, have equally limiti ng effeds on bah
habitat and water quality.®’

Wil dfire dso has an impad onwater systems. In a hedthy hill side, the tree caopy
absorbs the impad of adriving rain, whil e its roats help the soil absorb moisture. Both of
those dfeds are missng in ahill side denuded by fire. The USGS is currently studying
the dfeds of wildfirein increasing hill side rundf and causing floods in the rivers below.
Thisisn't apessmist’s prediction: USGS paleoclimatology studies have dready shown a
pattern in Buffalo Creek, Colorado, d wildfire foll owed by high rundf, floodng and
drought over the past 3,000yeas.®

That, too, will make its mark onthe geography of freshwater speaes. Y et, as Mill ar
noted, ore thing we' ve leaned from the Quaternary perspedive isthat our current view
of what constitutes an aquatic spedes’ “natural” habitat may not have been true
throughou most of history. Salmon, for instance, are known to have had very diff erent
native grounds in the past and, given a dhance, could return to codler areas as the dimate
changes.

There’ satwofold problem with that: First, current dams alrealy cause barriers to
migration for fish, and Manabe' s projedions imply that thiswill only get worse. Even if
the fish are ale to migrate, the barriers to forest habitats mean that animals that depend
onthosefish, such as beas, may not have accesto them. The second poblem istime, as
Radhel Carson so aptly wrote in Slent Spring: “Given time—time not in yeas, bu in
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millennia— life ajusts, and abalance (is) readed. For timeisthe essentia ingredient;
but in the modern world, thereisnotime.”

The pace of the aurrent climate dhange is the primary danger for forest and aquatic
spedes dike.

What' s Being Done

Climate dhangewill have a ¢ea impad on ou animal and dant spedes, aswell as
agriculture, tourism, reaedion, dinking water and ou quality of life. Unfortunately,
most of the popuar debate doesn’t refled that interconnedion. However, some dforts are
underway to addressthe problem.

On anationa pdlicy front, the newsis both dre and hogful. Asthe lealing sole
contributor of GHG emissons, the United States plays a aitica rolein the planet’s
future. However, as areport from the Pew Center on Global Climate Change points out,
the aurrent administration hes rejeded the Kyoto Protocol withou proposing an
aternative international framework, set avoluntary domestic GHG target that would
allow U.S. emisgonsto increase by 12 percent by 2012(in contrast to the 7 percent
reduction below 1990levels agreed uponin Kyoto), and establi shed nomedanism for
ensuring that even that target will be met. While it has suppated some reseach into
climate dhange, such as the FutureGen projed through the Department of Energy, the
administration also has offered no \ehicle for creding pulic demand for such
techndogies.®

There ae other movements afocot, howvever, that offer some hope. Both houses of the U.S.
Congresshave become increasingly adive in discusgng climate change. The number of
proposals on the subjedt has increased from seven in 1997to 45in the aurrent, 108"
Congressand increasingly on a bil ateral basis.®° In July 2003,the Senate overwhelmingly
passed an energy padlicy hill that included provisions to establish anational climate
change strategy and a national greenholse gas inventory, as well asincreasing energy
efficiency techandogies. In March 2004,U.S. Representatives Wayne Gil chrest (R-MD)
and JohnW. Olver (D—MA) introduced a House hill that would cgp the aggregate
emissons of the dedricity generation, transportation, industrial, and commercial
eoonamic sedors at the 2000level by 2010.

Additionally, severa committed municipaliti es, state legislators, businesscoaliti ons and
nongovernmenta organizations (NGOs) have been developing credive solutions on
various fronts. Several states are enading mandatory carbon controls and aher programs
that reduce GHG emisgons, while agrowing number of corporations are setting GHG
reduction targets and answering to their shareholders on emissonsisaues. Many of these
could have tremendous co-benefits for forest easystems.

We will discuss ®me of thase df orts below, broken into threesegments: state palicies,
coll aborations and nonpofits.

State Policies:

California hasled the nation in several padlicy areas, including landmark
legislation to addressindustry’ simpad on climate dhange. Signed by former
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Governor Gray Davis, legislation focuses ontwo key parts of climate change:
industry and sustainable forestry. Aims are to cut emissons; promote
conservationin industry; restore and sustainably manage private forests; and
crede aClimate Registry to encourage industry to vduntarily report and reduce
its greenhouse gas emisgons.®* Senate Bill 812 (SB 812) provides guidancefor
forest management pradices that promote and maintain native forests comprised
of multiple ages and mixed native spedesin the understory and canopy. To
qualify as an emissons off set, SB 812requires forests to be maintained using
forest management pradices that exceal locd, state and federal |and-use laws and
regulations, including the Z’' berg-Nejedly Forest Pradice Act of 1973.The
registry has creaed a Forest Workgroup, consisting of forest experts and state
agency representatives, to develop the rules by which forest managers can
cdculate, report and certify their GHG emissons for the projed’ s inventories.
The legidation also sets a framework for trading in carbon* off sets” as afirst step
in creaing a standardized, state-based trading system nationwide (seeCarbon
Sequestration sidebar).

Cdiforniahas also played itsrole & the environmental trendsetter by creding the
world’ sfirst auto emisgons laws to focus on greenhouse gases. In 2004 the state
annourced new laws that will require a30 percent reductionin GHG emissons
from automobil es over the next ten yeas.®” That could set a huge precelent on
two fronts: First, with 12 percent of the nation’s cars ld in California, any new
requirements in the Golden State tend to force Motor City to olige with its entire
fled. Secondy, California’ s legisation has often aded as amodel for other states
(and courtries) to foll ow in creding their own. The auto industry has said it might
sue, acaording to an article in the Christian Science Monitor.

Nationwide, state Public Interest Reseach Groups (PIRGS) banded together in
1983to crede U.S. PIRG as awatchdaog for the pulic interest in Washington.
The groupcombinesits grasgoats clout in ead state to bah educae the pulic on
national palicy andto influenceits progress Lately, U.S. PIRG has taken on
global warming as ore of its key issues andis using poa fuel econamy in carsas
itsadion pant ontheisaue. The grouprecantly issued areport, for instance on
the price onsumers pay for “stalled fuel econamy palicies.” It compared current
fuel econamy (averaging 20.8miles per gall on) with the 40 MPG that is currently
possble and determined that over Memorial Day Weekend aone, consumers
would spend $72millionlesson fuel and wse 1.8 milli on fewer barrels of oil if
their cars were up to existing techndogicd standards.®®
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Massachusetts is also dang its part in tadkling the issue. The difficulty of such
eff orts, howvever, isrefleded in the tremendous pulic resistanceto the state's
plan to place a400-megawatt wind farm in the Nantucket Sound® The state led
the nation in creding a Green Power Partnership, devoting millionsin fundng to
providing enough wind, solar and hydro power to fuel an estimated 750,000
househalds. Ostensibly, thase would replace ‘tirty” energy sources. Y et, while
palls $rowed that 51 percent of the state' s residents would pay more for green
power, NIMBY -ism (or, asinsiders cdl it, NIMO-ism, for Not In My Ocean)
legot forward with the prosped of plaadng 170wind turbinesin the Sound.

In Canada, the government of Manitoba has just extended protedionsfor five
more yeas of the Poplar-Nanowin Rivers Proteded Area which will prevent
industrial development in two milli on aares of bored forest.®® The ban includes
logging, road bulding and aher development. The Natural Resources Defense
Courxil (NRDC), which has creded a system of automatic emailsto legidatorsin
both Canada and the United States, attributes the victory in part to 20,000email s
that concerned Canadians snt to the Manitoba Minister of Conservationin April
and May.

Collabarations:

Much of the norgovernmental work in climate dange involves coll aborative dforts
between environmental NGOs and financial organizations, industry or other stakeholders
in the dimate thange aena. Below are some examples of such collaborative df orts.

In May 2004,the pinstripes shook hands with hemp-weaers when Bank of
America(BofA) signed an agreament with the Rainforest Action Network. The
pad isa wup onthe NGO s part and abold move onthe bank’ sto promote the
reduction d greenhouse gas emisgons, protedion d intad forest easystems and
indigenous peoples, and provision d transparent pulic reporting onthose
isaues.®® BofA has committed to help proted tropicd, temperate and baed
forests by fundng further mapping and studies of those e@systems. Most
significantly, asthe seamndlargest U.S. bank, it has pledged to evaluate its loans
acording to climate control principles and will deny fundng to any projedsin
old-growth forests that do nd provide third-party verificaion o sustainable
forestry pradices.

In Arlington, Virginia, the Center for Energy and Climate Solutions has joined
forces with WWEF to creae aClimate Savers Program, which works with industry
leaders to develop and implement innovetive dimate and energy solutions. By
2010,the Center estimates that the combined commitments of the first six of thase
companies —among them Nike and Polaroid —will result in reductions of more
than ten milli ontons of CO,. For perspedive, total CO, emissonsin the United
States and its territories were nealy 5.3 hlli ontons (5.8 hlli on metric tons) in
2002°" The Center and WWF are mntinuing to mee with companies like Dow
Chemicd, Pfizer, Owens Corning, S.C. Johnson & Son, Coca-Cola and Verizon
to generate similar commitments.®®
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Global trading in greenhouse gases invalves coll aborations between organizations
to proted and maintain forests, brokersto sell rights to those forest plots and
industry/nations to buy those rights (seesidebar on Carbon Sequestration). In the
past four yeas, the number of tons of GHG emissons that have been “traded”
through thase schemes has risen 14fold, from 13 million metric tons (11.8
million U.S. tons) in 2001to an expeded 192milli on metric tons this yea,
acording to Natsource LL C, a brokerage and consulting firm.®® Natsource
brokered a $17 million dfset, worth 3.6milli on metric tons of emisgons
reductions, to Japan’s Chugoku Eledric Power in June. Other groups include the
Paafic Forest Trust, which was aleal environmental group kehind Davis
environmental laws and has worked extensively in this arena, including arecent
ded brokering 7,500tons of emissons off sets, correspondng to 5,000aaes of
forest.”” These projeds are expedted to gain greaer influence ad apped now that
the Soviet Union hes pledged its suppat of the Kyoto Protocol.

The World BusinessCourxil for Sustainable Development (WBCSD) isa
codlition d 170international companies that are working toward sustainable
development via “the threepill ars of econamic growth, eclogicd balance and
social progress’. Representing 20 sedors of industry and 35courtries, the group
amsto ad as abusinesslealer and advocae in sustainable development, e-
efficiency, innovation and corporate resporsibility. That role includes influencing
pulic padlicy and sharing “best pradices” among its members. Members include
3M, Cargill, ChevronTexam, Dow Chemicd, Ford Motor Company, GM and
Weyerh%mser and, in Canada, BC Hydro, Ontario Power Generation and Suncor
Energy.

The Pew Center on Global Climate Change’® was founded in 1998to advancethe
climate dhange debate through analysis, pulic educaion and a moperative
approach with business Working with its BusinessEnvironmental Leadership
Courxil, agroup d 38 mainly Fortune 500 companies, the Center commissons
scientific and pdicy studies and wses the reseach to educae opinion leaders,
promote sustainable palicy on emisgons reductions and encourage international
climate-change agreements. The Center has also made substantial investments
into advocagy eff orts through its work with PaceUniversity onthe Clea the Air
Campaign to clean upcoal-fired paver plants and reduce éedricity-generated
emissons.

A handful of companies have taken that work one step further in forming the
Climate Neutral Network. The threeyea-old network certifies companies and
their products for “leaving no carbonfoatprint behind’” and having a net zero
impad onthe Earth’s climate. To participate, companies agreeto reduce and
offset al of the dimate impads onthe entire spedrum of itsinternal operations,
from raw material to delivery of finished product. The group Felps them build
market share and lrand loyalty by marketing their products as “ Climate Cod.” So
far, the membership islimited —among them the Saunders Hotel Group, Shaklee
Corp., Phili ps Lighting, the 2002Winter Olympic Gamesin Salt Lake City, and
Norm Thompson — bu the network is working with ather companies and events
to promote the ideafurther.”
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The Caoaliti onfor Environmentally Resporsible Econamies (CERES) isaU.S.-
based coalition d more than 80investment funds, environmental organizations
and pubic interest groups that have committed to aten-point code of
environmental conduct toward sustainable industry. Among its eff orts are reports
that benchmark air pdlution from the top 100eledric companies. The most recent
such report, released in April 2004,showed awide disparity in emisson rates,
some of which are deaeasing, but overall an ever-rising level of CO, pdlution.”

In abroad eff ort toward pubdic education, seven NGOs have banded together to
crede a “dimate hotspots’ web site that depicts exadly what events are
happening worldwide due to climate change. These include floods, fires and
droughts, aswell as gpedes die-off or endangerment. The aaliti onincludes
Environmental Defense, Sierra Club, NRDC, Union d Concerned Scientists, U.S.
PIRG, World Resources Institute and WWF.”

Forest-focused Non-Governmental Organizations:

In addition to thase allaborations li sted abowe, there ae scores of NGOsinvolved in
reseach, pubic educaion and lobbying aroundclimate dhange isaues. Their adivities
range from grasgoats email campaigns to globa carbonexchange programs with
industry to the fundng of “ecologicdly hedthy” schod construction. Several
environmental NGOs have aeded their own public avarenessfocus on climate dhange,
among them the NRDC, Sierra Club, the David Suzuki Foundition and the Canadian
Parks and Wil dernessSociety. The gproades below represent eff orts that speaficdly
focus on wsing forests to mitigate or reverse the dfeds of climate change.

Timber investment management organizations, known as TIMOs, are agrowing
financial market, driven by large investors guch as pension funds aiming to
diversify their portfoli os out of volatil e stocks and bong. The 12 largest U.S.
timberland investors acmurted for more than $14 hilli onin hddingsin 20027° In
an ided world, TIMOs enable investors to ean money ontheir capital while
sustainably preserving forests, bu many in the mnservation sedor question haw
committed most TIMOs are to the secondgoal. Some of the dozen or so U.S.
TIMOs do make both of thaose their priority, among them Lyme Timber Co.,in
Hanover, NH. In arecent Lyme Timber ded, the mmpany contributed $12
millionto a$32million puchase of the 146,000aae Conredicut Lakes
Headwater Forest in New Hampshire, with the rest paid by Trust for Public Land
and the Nature Conservancy. Lyme Timber has the titl e to the property and will
manage it, making it the largest timberland ovner by aaeage in New Hampshire.
Lyme Principal Peter Stein told the pressat the time that his company
differentiates itself from other TIMOs by focusing on ceds like thisthat are likely
to have a onservation easement, and that it will manage the land sustainably.

Forests as Carbon Sinks: While Carbon Sequestration (seesidebar and ndes
abowve) appeas onthe surfaceto be amutually beneficial solution — telping
industry remain profitable while dso proteding forests — thereis legitimate
concern here, aswell, that carbontrades will spur the development of
monoculture forests and dantations. The World Wildlife FundUS’” is among the
conservation-focused groups that have been adively advocating the importance of
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forest restoration and protedionin those deds, including ensuring that
biodiversity isincluded in bah the discusson and pdicies oncabonsinks.

Certified Wood Products: Nealy 25 percent of the world’s CO, emisgons are
generated by harvesting or disturbing forests. Meanwhil e, the world’ s forest
products industry harvests 680 hlli on baard-fed of lumber per yea for paper and
timber products, for which demand continues to grow at alarming rates.”® As with
the Organic food movement, the wood products industry has devel oped
ceatificaion standards to confirm which forests are managed and harvested in
ways that maintain o restore the hedth and integrity of forest ecosystems. There
currently are four certifications on the market, with varying degrees of stringency,
types of isaies addressed and third-party confirmation: the American TreeFarm
System (private, U.S. forests), CSA International (Canadian), Forest Stewardship
Courrxil (most stringent, worldwide), and the Sustainable Forestry Initiative
(required for membership in American Forest & Paper Asoc., nothird-party
chedks). Aswith Organics, companies apply voluntarily for the cetificaion, then
label their wood products for consumers. That demand could provide apowerful
incentive for forest managersto use eologicdly soundmethods. The Oregon-
based NGO Metafore has creaed aweb site for certified wood poducts
(www.certifiedwood.aq) that explains the various cetificaionsand also dffersa
seach tod for consumersto find certified wood poducts.

The Nature Conservancy has creaed a Climate Change Initi ative’® alongside its
ongoing conservation projeds that focuses on threestrategies. suppating locd,
national and international paliciesto limit emisgons; mitigating the impads on
flora and fauna by evaluating the risks to easystems and designing long-term
strategiesto help them; and demonstrating the value of proteding and restoring
forests and grasdands to reduce global warming emisgons and conserve
biodiversity. The last category includes “climate adion projeds’ that now proted
more than 1.7milli on aaes of forest, including a1.5million-aae tropicd forest
in Boliviathat had been destined for timber. TNC negotiated a cabon-off set
projed for the land with the government and three @ergy companies and hel ped
terminate the logging rights to the land. These go beyond most carbonoff set
programs by using a variety of toolsto asessthe dimate impad onthe aea
including satellit e imagery. The programs aren’t al oversess, either. Through its
Midwestern forest restoration projed, TNC isrestoring amost 1,000aaesin
Ohio and Indiana and estimates that the projed will “reduce avoid or mitigate
approximately 550,000tons of carbon doxide over 40 yeas by bringing back
native foreststo this area”

Opportunitiesfor Funders

In seeking further solutions, it’s helpful to look badk at the main causes of climate change
in the first place eledricity, vehicles, industry and ursustainable forestry. Whileit is
important to mitigate the problems that now exist, those dforts will be futile unlesswe
also addressthe root causes of the problem.

With 4 percent of the world' s popuation, the United States produces 22 percent of its
GHG emissons.®° Of thase enissons,
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40 percent come from eledricity generation,
33 percent from vehicles,

18 percent from industry,

6 percent isresidential.

It is completely within ou meansto have an impad on those numbers. The Union d
Concerned Scientists estimates that simply raising the average gas mileageto 40MPG
would eliminate the equivalent of 44 million cars worth of emissons— nealy half the
number of daily commutersin the U.S.%*

Of course, most of those dforts don't fall i n the redm of the arerage forest-focused
funder, whois more likely to work in the conservation area While conservation and good
forest stewardship isn't likely to radicdly deaease North American emissons, it isavery
important part of the egquation. First, it isvitally important to ensure that the standards
remain high for sustainable management of carbonsequestration parcds. Secondy,
nealy 25 percent of the world’s CO, is generated by harvesting or disturbing forests.
Every minute, another 64 aaes of the world’ s forested landislost toill egal or
irresporsible logging, cleaing for agriculture or development, or forest fires.®?

Meanwhil e, the forest products industry harvests 680 hlli on baard-fed of lumber per
yea 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 decales
andis expeded to doubde ayain in the next five.

All of that harvesting, logging and clea cutting causes bursts of CO, to be released,

while dso eliminating the cabon sequestering benefits the forest had off ered for the
future. Logging of virgin forests in the Padfic Northwest alone released between 5.5

billi on and 6.6 lili ontons of CO, since 190022 So whil e protedionisn’t the full solution,
it clealy does reduce emisgons as well.

There ae many oppatunitiesin pdicy, puldic educaion and aher fronts to work
generally on climate and clean energy isaues. Clealy, anything that we, colledively, can
doto control carbonemissonswill be an important step, spedficdly focusing on
eledricity generation and use, and vehicle anissong/efficiency. For the purposes of this
paper, however, the solutions described below will focus on mitigating the impad on ou
forests and ecosystems.

Many highly valuable dforts are drealy close to hame. These include promoting pulic
awarenesscampaigns; lobbying for sustainable puldic padlicy in fire, water, land-use and
forestry; suppating urban forests; promoting clean energy sources and regulation; and
using funders’ convening power to bring a multitude of voices to the puldic debate.

We will focus onthree aeas. Public Policy, Expanding the Knowledge Base, and
Conreding.

Public Palicy.

A multitude of possble padlicy changes, large and small, are neaded to addressthe isaue.
These include the following:
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Sustainable Forestry: Worldwide, ursustainable forestry not only destroys current
habitats but also contributes to CO, emissons and dsrupts the natural landmass
that forests could move into as they adjust to warmer climates. Meanwhil e, the
forest products industry, by its own admisgon,isthe third-largest user of fossl
fuelsin the U.S. manufacturing sector.® While dedricity, vehicles and industry
producefar more amissons here than forest loss sustainability is gill urgently
needed. One way to suppart it is by badcing the Kyoto Protocol or its goals.
Ancther isto broker carbonsequestration deds that preserve forests and suppat
monitoring adivity to ensure their sustainability.

Poli cy that incorporates paleoclimatology perspedives, such as water palicy in
the U.S. West, isaso gredly needed. Droughts have been a ¢/clicd fad of lifeon
this planet for millennia and the aurrent drought zones are expeded to get dryer as
temperatures rise. As aresult, current water poli cy regarding distribution may
neel to be re-examined with drought, nat abundance, as the norm.®®

Similarly, efforts are needed at a national and state level to promote dimate-
proteding palicies, espedaly in eledricity-generating emissons. Because of the
impad of bath pdlutionandthe dimate change it provokes, forest funders have a
tangible stake in suppating stronger emissons controls. Thisincludes promoting
clean energy sources and regulation, along the lines of Massachusetts' Green
Power Partnership, as well as promoting wind energy or biofuelsin rural
development projeds.

The Pew Center urges governments, communiti es, businesses and individuals to
take anumber of adionsto reducethe impad on aquatic systems, including
maintaining riparian forests and habitats, reducing pall ution, restoring damaged
esystems and strategicdly pladng new reservoirs to minimize their eclogicd
impads.2® To that, we might add flood control and pdi cies for amore sustainable
water management.

Expanding the Knowledge Base:

Monitoring programs. Thereisagrea ded of current reseach into climate
change, but there ae dso many oppatunities for fundersto have an impad.
Among thase ae dfortsto monitor the impad of climate change on forests, water
and avian and animal li fe through governmental, nonpofit and acalemic sources.
Developmentsin the science of conservation bology — the gplied sciencethat
hel ps us understand which forest conservation steps are likely to be optimal — are
also neaded. Furthermore, funders who focus on the preservation d speafic

wil dernessareas or forest ecosystems also could help fund, o leverage fundng
for, assesament of the impad of different climate dange scenarios onthaose
places; and then use that informationto map ou diff erent adaptation and
mitigation dans.

Public Educaion and Outread: Possbly the most urgent nead is putting afaceon
theisaue. In North America, the puldic simply doesn’t understand hav climate
change will affed it and the forest landscapes we value. Nor do we understand the
simple, spedfic ways we can make adifference Funders could help crede
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locaion-spedfic information abou the airrent and projeded impads of climate
change. These could then help inform pulic avarenesscampaigns involving park
rangers or literature in retional and private parks, resorts and reaedion aress, all
carying the message of individuals' impads on climate dhange and d itsimpad
ontheir interestsin water, reaedion, travel and protedion from extreme weaher.
Targeted campaigns aimed at hurnters, anglers, and aher groups who hghly value
forests and waterways could help bring new alli esinto climate and energy

paliti cs, as groups like the National Wil dlife Federation have been undertaking.
Larger-scde pulic avarenesscampaigns — such as California’ s Clea the Air Day
campaign — have been very effedive in conweying the wsts of palution. A
climate-change message culd easily piggybadk onthis type of program, as well
asonsimilar puldic hedth campaigns (seeCBGD paper on Climate Change and
Hedth).

Setting Examples: By providing the fundng for eledric vehiclesin national and
state parks, solar-powered (or other aternative energy) park headquarters and
model solar homes or cabins, forest funders can have atremendouws impad on
pulic avarenessof dternative energy solutions. Each of those settings could a'so
provide consumer-focused brochures onthe latest techndogies and a st analysis
of implementing them at home.

Offer tangible solutions: The Union d Concerned Scientists has alist onits web
site of five “Common Sense Solutions” for the mnsumer.®” These include
demanding and bwying hybrids and fuel-efficient cas; switching to eledric
companies that offer 50-100 percent renewable energy; repladng old appliances
with energy efficient ones and buing sustainably harvested wood products.
Public educaion campaigns need to include this level of “action steps’” —that is,
clea, essy andimmediate — to be dfedive onabroad scde.

Conred Fire with Climate dvange: Conred climate change with existing “hot
buttons.” In the last ten yeas, 500,000 to 1,000,000aae forest fires have
replaced the 20-30,000aae fires of the past throughou western North America,
but have gone unreported in the media. In recant yeas, six states and Canada have
experienced the largest firesin their recorded history, most of them excealing
500,000aaes. In addition to the huge release of carbon duing these fires
(negating the forests previous carbonsink role), this has adired effed on taxes,
property insurance and personal insurance @sts. Thusit could be an easy way to
tadk climate change onto a aurrent puldic educaion campaign.

Go Locd: On avery locd level, change can come from every treethat is planted
along a dty stred. The greaest oppatunities for impad in this area ae through
effortsto preserve green space ad promote smart-growth pdicies that proted
green beltsin and around uban areas. This helps produce more cabonsinks and
provides shade from hot summers, reducing fuel costs. It may also lesen the
impad of human-caused migration karriersfor trees, plants and kirds as their
habitats move northward. Clealy, green corridors aroundciti es are even more
effedive in reducing those barriers, and the preservation d Canada s bored
forests, which represent the largest contiguous forest in the world,?8 is the most
effedive.
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Conneding:

Perhaps the greaest role the fundng community can play isinits vast ability to bring
diverse voicesto the table. As we' ve seen with the Padfic Forest Trust, World Wil dlife
Fundand Rainforest Action Network, when we conred the water- and forest-protedion
community with industry, tremendous amourts of good can happen.

Developing partnerships to addressclimate isaues crossng various fields,
including forestry, biodiversity/conservation; land use/smart growth; sustainable
agriculture and energy; econamic development and public hedth.

Embedding sequestration issues within el ogicd/ conservation approades.
Collaborations with industry to bah deaease enissons and creae wooded areas
as cabonsinks can help mitigate the problem. However, as climate change
Impads become more naticedle and severe — and as carbonsinks are aedited
towards courtries’ climate obli gations — there may be a ‘fush to plant.” Funders
could play amajor role in guiding this impetus into an approad that understands
that forests are more than just trees. This could include informational help in
asesdang the sequestration contributions of plantations vs. forests; reseach on
best pradicesto boast the sequestration services of forests whil e preserving
easystems rather than increasing moncculture; and convening poli cymakers,

aff eded communiti es, and reseachers to addressthese issues and develop
ewlogicdly sound pans for spedfic emsystems.

Seeking out the most progressve wood products corporations and Timber
Investment Management Organizations (TIMOs) for leading partnerships.
Because these groups arealy bridge the knowledge gap between the forest-sedor
and the investment world, they are uniquely able to help lead many of these
efforts. Thiswould al'so help progressve timber organizations enter market
streams and utimately affed the palicy redm.

Build bridges aadossthe U.S. barders with bah Canada and Mexico to bring more
perspedives and knowvledge into the equation, whil e fostering joint eff orts to
preserve forests and hebitats that crossborder areas. Use these joint effortsto help
crede large, interconreded networks of parksto offer a natural pathway for flora
and faunato shift with the dimate, and work to adjust international policies on
parks and logging to addressthis need.
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CONCLUSION

The mlledive body of research into climate dange paints able& picture of itsimpad on
forests and terrestrial ecosystems. Forests will shift in location, hebitats will be destroyed,
songhirds that we have come to exped ead spring will nolonger nest in ou parks.
Withou addressng the issues, our crops will fail to produce as padli nators lose their
habitats, and animals that every child reads abou will become extinct. Water will become
scacewhere we nedl it the most and the fish we're acaistomed to seeng in ou waters
will bedriven ou.

Theimpad of climate changeisbaoth highly complex and immediately simple: Habitats
respondincrementally and nd always in predictable ways, yet ead hird that nests ealier
Isone, simple sign. Preventing or mitigating the problem is equally convduted, bah
overwhelming in complexity and yet conquerable by smple dangesin ou everyday
lives. For those dready working in conservation, the shifts in approach are relatively
small and invalve bringing information onclimate change into their conservation
strategies. Equally straightforward is the need for maintaining an eclogicd approac in
the growing interest in carbonsequestration projeds, to ensure that the forests chasen are
managed well .

As Malcolm Gladwell wrotein The Tipping Point: How Little Things Can Makea Big
Difference®® any major new trend requires a variety of players. The ones he cdls Mavens
are the thought leaders, the people who tend to know every detall of their subjed
material, the ones others will aways cdl with atechnicd question. Then there ae the
Conredors: They are those people who seem to knawv everyone, who listen to the
Mavens, and knav exadly who reedsto know that information. And lastly, there aethe
Salesmen, the people who latch orto an idea ad convincetheir peasto foll ow.

Climate Change has plenty of Mavens. Andthere ae plenty of groups ading as
Salesmen, from NGOs like NRDC working in grasgoots campaigns to the $525milli on
investment by the Clean Energy States Alli ancein anew branding campaign for clean
energy. But trueto Gladwell’ sthesis, the pulic still hasn’t head the message. What it
needs are Conredors. the people who personally know awide range of people who
“make things happen” in pdicy, advocagy, venture cgital and law. Public educaion and
advocagy are part of that, but the work of Conredors also happens on a personal level. It
happens in that phore cdl to a wllesgue whoisn’t in the drcle but shoud be. It happens
with a mmment to afriendin venture caital who' s aso an avid hiker. It isadaily effort
of conreding trends and information with the people who can dosomething abou them.

By pulli ng together isaues, expertise, information and constituencies aaossthe forest-
climate lines, the fundng community can fulfill amajor Connedorsrole. It could
mohili ze significant sources of palitica power towards climate solutions. It also could
embed deep commitment to terrestrial ecsystemsinto those solution paths. Thisroleis
desperately needed.
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A CarbonPrimer

A metric tonisequal to 1000 K ograms or 2205 pound. A metric ton d CO2 is emitted
when you:

Travel 4,000milesin an airplane

Drive 1,350milesin alarge sport utility vehicle

Travel 17,000miles by inter-city bus

Drive 6,000milesin a hybrid gasoline-eledric ca

Runyour central air condtioning for 330 hous

Have your computer onfor 10,600 hous

Cut down and bun atreethat was abou one foat in dameter

Annual per capita CO, emisgons for the average American: 24.2metric tons
Annual per capita CO, emisgons for the average Spaniard: 8.8 metric tons
Annual per cagpita CO, emisgons for the average Indian: 1.8 metric tons

Souce The Nature Conservancy
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SIDEBAR #1: A Paleoclimatology Perspedive

Shifting the Perspediveto aMillennial Level

Until recently, the debate on climate dhange predominantly relied onrecorded data from the past two
centuries. To some degree that's for goodreason: The impad that humans have made on ou
environment sinceindustrialization is unprecedented. Also, the data— and personal memory — exist,
makingit relatively easy to pinpant shifting gobal weaher patterns. Short-term comparisons are
significant because we have areference point for them.

The problem, of course, isthat our reference point can be skewed. For instance, many discussons of
climate dhange use the pre-industrial era @ a base point for temperature or vegetation comparisons.
Asaresult, our colledive goal in restoration projeds 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 d data—includingtreerings of high-altitude forests, cabonlevelsin ice packs, lake and
ocean sediments and coral reefs— paleoclimatologists have expanded ou understanding o climate
changes to amuilti-mill ennial level.

Constance Mill ar, aU.S. Forest Service geneticist who studies forests' resporsesto climate change,
has charted what she cdls a symphory of overlapping weaher cycles, some lasting afew yeas, others
decales, centuries or mill ennia.* Perhaps the best-known is the El Nifio/La Nifia decadal cycle of
warm, wet weaher, followed by cod, dry periods. Lessobvious is the Padfic Decadal Oscill ation that
causes abrupt changes every 25to 40yeas, which affed rivers, snowpadks, forest productivity and
aqueatic life onthe West Coast.? Each of those gyclesisinfluenced by a mombination o fadors,
including ccean currents, solar flares and the eath’s orbit.

Overall, the past two milli on yeas has been marked by 50 extended gadal periods, interspersed with
warmer, intergladal times like those we seetoday. Caused hy regular changesin the eath’s orbit, the
transiti ons between these periods are often very abrupt, onthe level of afew yeas or decales. Many
evolutionary changes can be pinpanted against those transitions.

Asaresult of Mill ar and aher reseachers work, we now know that the 500yeas between 1400and
1900AD were atime of unusually cold weaher, referred to as the Little Ice Age. Now believed to
have been caused by a centennial cycle, it was also atime of unusually high predpitation, leading to
extensive forest growth. As aresult, Mill ar has concluded that forests that developed duing those
yeas—that is, the exad forests we ae using as “pre-industrial” benchmarks — are apoa model for
either restoration today or for forests adapted to future, warmer conditions.?

Meanwhil e, the decales between 1945and 1975were highly unusual onamill ennial scde. They were
atime of abnarmal stability, with constant snowfields, consistent predpitation and relatively few
extreme wedher events. However, that was the e@awhen much of the U.S. pulic pdlicy was creged
aroundwater use andrights. Asaresult, the palicy refleds atime of unusually abundant water flow
that has haunted Western States ever since®

There ae two main messagesto gean from the mill ennial perspedive. First, many of the dhanges that
the broader pulic tends to bame on human intervention acually are caised by that longterm
climatic symphory over which we have littl e control. That doesn’t let us off the hook,though.The
other lesonisthat al of the emissons, deforestation and temperature changes that we are causing
will only be exacebated by the ongang cycles. So it’s nat just an issue of rising temperatures. We're
also doaned to wet/dry weaher cycles that will turn lush landscapes into fire hazads and dy
creekbeds into flood zones in a pattern that to most eyes appeas highly unpredictable.
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SIDEBAR #2
Carbon Sequestration: Forestsasa Political Toaol

Carbonsequestrationis the processof lowering levels of atmospheric CO, by trappingthem on a
below the eath’'s surface There ae two main approadches: Oneisto punp CO, undergroundinto
porous rock or cavities; the other isto use plants' natural processof phaosynthesisto absorb it.

While the oil industry has used geologic sequestration sincethe 1970s to enhance oil and methane gas
recovery, sequestration’srole a a mitigator of climate change only readed the pulic eye throughthe
Kyoto Protocol. The 1997treay between rougHy 180 courtries committed 38industriali zed nations
to cut their GHG emissonsto 5.2 fercent below their 1990levels by the yea 2012” Those murtries
or induwstries that could na hit those targets throughemisdons control could off set their balance by
investing in clean energy in developing courtries, geologic sequestration a purchasing “credits’,
either from nations whaose anissonsfall below the targets or from landowvners who agreeto
sustainably manage forestsin perpetuity as carbonsinks.

That sparked awidespread interest among the forest-protedion community in using those cabon
markets to creade amajor new source of financing for forest conservation and restoration.

Whil e the United States originally signed the treay, the Bush Administration badked out in 2001
without seeking the needed Senate gpproval, which left the treaty in limbo? Several of the original
signers, hawever, have @ntinued their plans withou the largest off ender. The European Union
annourced in April that it would proceal with Kyoto plans andis expedingto pace enissons limits
on 10,00Cradliti es by 2005.The United Kingdam also annourced a highly ambitious plan in January
to cut CO, emissons more than 16 gercent below 1990levels by 2008, substantially surpassng its
Kyoto gaels.® Rusda dso said in late May that it would accéerate its eff orts to ratify the treaty. That
could gve the treay legal forceby 2005*

The recent annourcements have caised a new surge in creditstrading. In the first four months of this
yea, 64milli on metric tons of CO2 credits were traded, acording to the World Bank, in contrast to
72 milli on metric tonsin 2003.Thaose trades have been doubling annually since2001and could nealy
triplethisyea.”

North Americaisin an excdlent pasitionto off er well-managed forests as off sets, due to the expanses
of forest that till remain. According to the Padfic Forest Trust, which brokers some of those aedits,
the United Statesis espedally well suited to play that role due to its vast amourts of private forests,
current forest conditi ons and well -establi shed legal system. Severa states, in fad, are drealy
procealding with those tradesin lieu of federal suppat for Kyoto, with hopes of credinga
standardized, state-based trading system nationwide (see “What's Being Done”).°

Geologic sequestration may soundlike afar-fetched ideato quietly make our waste disappea, bu it is
adually aproven method.In 2000,the U.S. petroleum indwstry injeded 32milli ontons of CO,
undergroundas part of its enhanced ail recovery operations, the equivalent of 6 milli on cars worth of
emisgons for an entireyea.” That'safar cry from offsetting the enissons from the 97 milli on
Americans who use gasoline to drive to work every day in private vehicles®, or even the potential
emisgons reduction from raising gas mileage to 40M PG — estimated to eliminate 44 milli on cars
worth of annual emissons’— bit it doesindicate the potential of undergroundstorage. Other ideas
have been to pump CO2 below subsiding cities like Veniceto all eviate the problems of the rising tides
of climate change.

The Union d Concerned Scientists ®es geologic cabonsequestration as one potentially viable option
to achievereductionsin carbon doxide eamissons and atmospheric concentrations. However, it warns
that thisisno “silver bullet”: The safest and hghest priority, it says, must continue to be improving
energy efficiency in paver generation, transportation and industry, and proteding threaened forests.
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INTERNET RESOURCES

- Intergovernmenta Panel on Climate Change, http://www.ipcc.ch

- Web site of Global Warming Early Warning Signs at http://www.cli matehotmap.org

- UN Framework Convention onClimate Change: www.unfcccde

- UNEP World Conservation Monitoring Centre: Report on Biodiversity and Climate
Change: www.unep-wcmc.org

- Totradk the events around pditi cs of global warming go to the International Institute
for Sustainable Development web site & http://www.iisd.ca

- The Pew Center on Global Climate Change, http://www.pewclimate.org

- TheUnion d Concerned Scientists pages on climate dhange,
http://www.ucsusa.org/global_environment/global_warming/index.cfm?pagel D=27

- U.S. Climate Change Science Program (which includes the U.S. National Assessment
of the Potential Consequences of Climate Variability and Change),
http://www.cli matescience.gov/

- The USEPA has creded a dimate change glossary that is avail able &
http://www.cli matenetwork.org/canglossary.html

- TheHeda isOn Line: www.hedisonline.org
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