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This publication has been prepared by the 
Office of Science and Technology Policy (OSTP). 
The OSTP was established by the National 
Science and Technology Policy, Organization, 
and Priorities Act of 1976. OSTP's responsibili­
ties include advising the President on policy 
formulation and budget development on all 
questions in which science and technology are 
important elements; articulating the President's 
science and technology policies and program; 
and fostering strong partnerships among 
Federal, State, and local governments, and the 
scientific communities in industry and 
academia. 
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OSTP Administrative Office at 202-456-6004. 
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Introduction 

Burning coal, oil and natural gas to 
heat our homes, power our cars, and 
illuminate our cities produces carbon 
dioxide (CO2) and other greenhouse 
gases as by-products. In recent 
decades, atmospheric levels of CO2 
and other greenhouse gases have 
climbed steadily; and are projected to 
continue their steep ascent. 

, ,, • Computerized simulations of climate 
' \v1-,_' --f ~'-ixt'v"{J\i}nd records of past climate going as far 
< ;__ , r:,,.,•,-.. .:.,· back as 160,000 years indicate that the 
,\ c,·-t·•- ~,~ composition of the atmosphere and 

- ' ~ .- r .... ;· global temperature are tightly linked. 
:.". ... •Y1 l 1J,.,... As atmospheric concentrations of CO2 

• . . increase, global temperatures rise. The 

that-there i:s "a discernible human 
influence on global climate." The 

/ 

IPCC also estimated that-an increasejn-­
global surface air temperature of about 
3:-5-"F-inilfely by tlie yeat-i100, 
altb.ough--the-change could-be-as low 
as--z....11F and-as-high-as 6.5 °F.- Jlfts rep­
resentS>a faster rate of climate change 
than at any time during the last 
10,000 years, the period in which 
modem civilization developed. 

Warming of this magnitude will affect 
many aspects of our lives1in--complica ~ 

ed-way~. Our health, the vitality of 
forests and other natural areas, and the 
productivity of agriculture will.all-be - · \ . - \ .. , .. 

·' Intergovernmental Panel on Climate --~.aff€Cted-by-the-resulting-changes-in -\ f.W\ptrcd .ir t 1 

Change (IPCC) has concluded that \'< e1.: t1\ClJllle.Y:lel, -sea-level, and-fresh-water -sup-
Earth has already warmed about 1 ° '"'""" ply. As the risks of global climate L. 0 ",· ' " " e. c.b 

C,.ic).:, ~-, l) {\ 
over the last century. fl:Hther modifi- change become increasingly apparent, 
-etioc. 0£ the atmosph@i;e is expectetl- there is an urgent need to focus on 

o f- ~r et~ ho)ll'i~ -ffi re,ult in.:k1rther-watmirrg-of-the actions to slo~herie-change 
~ o-~e. 5 w\ \\ rtirt-h4i~fcice. In 1996, the IPCC stat-- and minimize the adverse impacts of a 

~ . ~ f ea-for the first time that the balance of changing climate. 
' t.S" ' the scientific evidence now suggests 
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The Greenhouse Effect and Historical Emissions 

Life as we know it is possible on Earth because 
of a natural greenhouse effect that keeps our 
planet about 60 °F warmer than it otherwise 
would be (Figure 1). Water vapor, carbon diox­
ide (CO2), and other trace gases, such as 
methane and nitrous oxide, trap solar heat and 
~ by re-radiation back to 

~ \ 0 W ·, ,t '7 4> S 'J 

space. With industrialization and population 
growth, the amounts of greenllou~ases...added 
t~~an-aai-vit:4ei haIZe~ 
grown to...s.igaifiaflt-f}repe-rtieas, and the~ z.­
steady additions have begun to tip a delicate 
balance. IR the United-States, careen emissions 
pet-person now exceed 5 tons per ¥far, c, hoer\ 
..... )-t:·,, e~ {....,t o,lo~,,1 oc1~r,.,,, 

Figure 1. The greenhouse effect naturally warmxarth's surface. Without it, Earth would be 60 ° F cooler than it is today-
uninhabitable for life as we know it. / \ 

--\'Y\Q. 



Figure 2. Burning fossil fuels such as coal, oil, 
and gas, add 6 billion metric tons of carbon each 
year into the atmosphere. 

'>vtn1l--tti~'ftffm'"M'l1".. en e. gtotral s~ ming 
of co , oil, and natural gas releases about 6 bil-
lion ons of carbon into the atmosphere each..._ j:2-
year. With the global populat=~f~~ _ 

C:~~:Xi~, t~: :;:g~1;i;c~~ ~fid m~ ~ ~''t '~ 
~age, prea • • f forests <>"" 0cJ'1' 
~t. agficulture1 contributes another 1-2 billion 

tons annually by reducing the aptak:e e.na'stor-
age of carbon by trees (Figures 2 and 3). 

:~~=;:::;1~e::111~~~~~gr:~:;~~ 

Figure 3. Deforesta tion worldwide adds I to 2 billion metric 
tons o f car/Jon ro r/1 c M mospliere eac/i yea r. 

3 
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Since 1860, {02, the most important human­
derived greenhouse gas, has increased 30 per-
cent, from 280 to 360 parts per million (ppm) 
(Figure 4). Metlta11e cmrcetttra:tiorr has mere.. D 
. le~e lras ciserr-by-1.~--. 
\pef€et1t- f,,(_,S·~~ ~c.o.z.J).S:::... 

~ • 'l • . ... ~l .:.fn'i..~ I ' E,ef'I ar M, < p,1t>. , \ ~;,·~ 

ever a rrtiltlr tonger time seme, tnere ~clear 
correspondence between CO2 levels and the 
global temperature .record. Fluctuations of CO2 
and temperature have closely mirrored each 
other over the last 160,000 years (Figure S)i.., 

(o\L ,'D ...:,,....'t,, .~ \UkA~,-,_,1.--~ -~-'--""' 
~ i- <! i ' 

Figure 4. Since the beginning of the Industrial Revolution in the middle of the 19th century, the concentration of carbon diox­
ide (CO2) in the atmosphere has steadily increased. Beginning in 1957, continual observations from Mauna Loa, Hawaii 
show the seamnal.q.de..J:Jf veqetatian _northern latitudes: each spring the vegetation " inhales " and absorbs CO2, and each 
autumn part of that CO2 is released back to the atmosphere. 



Figure 5 . Da ta collected from tin y bubbles trapped in ice cores indica te that over the last 160,000 years th e atmospherk COz 
co ncent ratio n and th e temperature record have mirrored each other. 
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Which countries account for the larlest pro­
portions of CO2 emissions? In ~ 74 per­
cent of the total CO2 emissions from human 
activities came from the developed countries, 
with the United States the largest single source 
(accounting for 22 percent of the total) (Figure 
6). Over the next few decades, 90 percent of 
the world's population growth will take place in 
the developing countries, some of which are 

undergoing rapid economic development. Per 
capita energy use in the developing countries, 
which is currently only 1/10 to 1/20 of the U.S. 
level, will also increase. If current trends con­
tinue, the developing countries will account for 
more than half of total global carbon emissions 
by 2035. -By that tim~ China, which is current- h !l. 
ly the second largest source, is ~'8.isplaceb' ~v 

the United States as the largest .emitter;\ er f t,.-+eJ 
rir (..V\t,t..,rt .\o 'Qf. l4t<"{<;/ ?S \.,e_ti)rt.\\..tt 

Figure 6. In 1990, the industrialized developed nations of the world contributed nearly three-quar­
ters of the global emissions of carbon dioxide, with the U.S. being the largest single emitter. By 
2035, developing nations will catch up and contribute half of the global emissions, with China 
becoming the largest single emitting country. Rapid population growth, increasing consumption 
per person, and industrialization will contribute to this shift. 



Climate Change Over the Last 100 Years 

How has the climate changed to date? The 
IPCC's Second Assessment Report (1996) 
described a series of changes that already have 
been observed. Global surface temperature has 
been measured since 1880 at a network of 
ground-based and ocean-based sites. Ove·r the 
last century, the average surface temperature of 
the Earth has increased by about 1.0 °F to a 
level,~s as high or higher than it has been 
in any century since at least 1400 AD. The 
eleven warmest years this century have all 
occurred since 1980, with 1995 the warmest on 
record (Figure 7). The higher latitudes ak§:._, 
have warmed even more. 

Beginning in 1979, satellites als& have been 
used to measure the temperature of the atmos-

S-.\ell.d·e o\Jse.ruc.\-'i.o"-$ wt,e ',"ith.\\y 
\11\t"H\HQh~ ~'7 51.\ow·l"'l u... ~\~'-11,,.+ Loo\"p"q1 th.>-\­
.,.,.._ore. (ec.,<i""" 
phere up to a height of 30,000 feet. The long-
term surface temperature record and the short­
term satellite observations gf th~ atffiOSf)here < 
differ, but the fact that the two records are not 
identical is not surprising. The two techniques 
measure different aspects of global temperature, 
and both are influenced by a variety of factors, 
such as the presence of airborne materials from 
the 1991 eruption of the volcano Mt. Pinatubo. 
~~~ analyses have identified warming in the 
satellite record just as the ground-based mea­
surements ha e indicated over a longer time 
period. As ore data from the satellite record 
become avai ble, and as the quality of mea­
surements i improved, comparison of these 
two record is likely to yield additional insights. 

o.c.c.ovf\-ti!'~ ~or ('1.tvru.\ 1 <;hor*-tHN' 
f\..J<..\Uc,.t°,,>t"'J-

Figure 7. The global average temperature /Jas risen by approximately 0.5 °F to 1 °F over the last century. 
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. . . . c,e."-\-vr'I 
What does warming do? A -rmer Earth Sea level is also nsmg, mainly beca e the 1 

speeds up the global w~~~: the exchange oceans, like all water, expant when heated. 
of water among the oc~~~' atmosphere, and o. The melting of iec cai,~"glaciers,.i-s' also con-
land. Beetmse there is ~?-~~s\.'aporation a+- O-" !._ribut~ to this effect. ever -tltc last ccntttey,. ~ r 

. ~ -higher tem13eratmes, soi~ to dry out faster. global mean sea level has risen 4 to 10 inches:- oo e: S 
~"<.{~ ~;water in the atmosphere, Cring this time, mg.untain glaciers htt-ve ,\"\'\~r,«0 
•-7n,'is ~ ore rain or snow overall. 'CJ ~teated worldwide. Formerly frozen soils (per- ~ 'r 
o Y \.\J ·, \ 1" tia." mafrost) in .the Alaskan arctic have begun to O 

. ~ 
We may be seeing the first signs of changes in melt, damaging both ecosystems and infrastruc- -'<' 
the water cycle. Since the beginning of the ture. Melting and tundra warming will also 
century, precipitation in the United States· has lead to decay of organic matter and the release 
increased by about 6 percent, with about a 20 of trapped carbon and methane, creating an 
percent increase in the frequency of intense additional source of greenhouse gases. 
precipitation events~heavy downpourso F NI r '-" . 
Such events lw~ lid to floo'aing, soi~sion, O e ~ UI"\ '-- 1 /\ c.1-\~s rer c).~-, ~, 

t\)tt\ an1loss of life (Figure 8 and 9). JJfitJri- 1/ 
some midcontinental areas, increased 
evaporation has l~d to drought because 
the heavy rains fell elsewhere. 

There is also evidence that ecosystems 
are responding to warming. Between 
1981 and 1991, the length of the grow­
ing season in the northern high lati­
tudes (between 45• and 70° N) increased 
by a total of up to twelve days, as docu­
mented by satellite imagery. 
"Greening" in spring and summer 
occurred up to eight days earlier, and 
vegetation continued to photosynthe­
size an estimated four days longer. 

Figure 8 and 9. Our society is already vulnerable 
to extreme weather events such as floods. rg 

~

ocls as severnrnheT99-3-Missis-sippi-Riv 
od, communities and cities like St. Louis, 
issouri will face massive d9tractio1141.ub 
~ Ff/ow:---./ 

K 1 :"\ i):",t ·• "V-t>-\tr sl."-o, .. ~l ¾\ '-\>, )P.v\) ,\-_,_ \-, q.-,," " 

e ~'~1.. :..\; J ~ ~\i,i \=--.'-1. ' , n\\ ,;)·, i ., ·( , , ·. 



. ,. .. 

Where is the climate headed? If the 
world proceeds on a "business as 
usual" path, atmospheric CO2 con­
centrations will likely be more than 
700 ppm by 2100, nearly double the 
current level of 360 ppm (Figure 10). 

IJ.) e. , State-of-the-art climate models suggest 
o,.( t that this will result in a 2 ·p to 6 ·p 

\
.l \c,.t\--1 increase in lobal temperatures\Over 

the next century). • • a rate of '-\·,_. .. ,e 
t 0 1 

• attt change not seen on the planet for at ott' 
e 1, least the last 10,000 years. 

Fu more, even i auu.~u,_, .. ~ .. c 
were stabilized. at 700 ppm by !the . 
year 2100, it would likely take ·several 
more centuries:for temperature to sta-

i ize and the sea level to stop rising. 

What are the projected extent and 
pattern of warming over the globe? 
The higher latitude regions will warm 
more than areas nearer to the equator. 
The land surface will warm more than 
the oceans and there will be less vari­
ation in tern erature from night to 
da . The United ta es wou eventu­
ally stabilize at a temperature 5.5 °F to 
12 °F warmer than at presen ~ 

vel has already-increased 
ning of the Industrial 
ehfflvely--small--wtm:tol,I(__ 

H-60,000-y ea Fr,tht 
rlN,>i,r"7't-frtrTrnrt=1'H--levelf-Cverth~mg-

lrrtraiglit up IO 700-
. This is expected to cause a warming of 2 

°F to °F by the year 2100. 

1 ,'.>.."' :>- ·v, .:, 1 ~l- >-) :>,.1\s·,o. Q 

-\- V'\ il,, 'v .> ._,,,}-, ;_) ~ , , ,,__ -,:.Jr;._\.. .._J,:.>-\·, .:,..V>•t \.I '·, . 
~ 'r- ;. , r 1 , , .-, I, a .. J ~ \ , ~ C. , ~- , ·, ;. ~ ~; , ,-., ~ , d ; 1 ' 
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is-;-afly-pa+U.cul,ll:-lnottth-~Qlldl...Ue.-Ul,a-t 
~me-H-). Even if the 

rate of emissions is slowed enough to 
limit atmospheric concentrations to 
about 560 ppm, or about double the 
pre-industrial level, the U.S. is likely to 
experience temperature increases of 5-
10°F. These warmer temperatures 
would lead to soil drying in some 
regions, with drying estimated at 10 
percent to 30 percent for the United 

Figure 12. The extent of 
warming indicated in Figure 
11 will lead to substantial 

• IA soil drying throughout the 
L.o-vl, '"' .J~soil mois­

ture decreases of 10 percent 
to 30 percent over North 
America. 



States during the summer growing 
season (Figure 12). 

-thE' 

I~02 concentration continues to 
rise to four times the preindustrial 
level, or more than 1100 ppm, the 
estimated temperature increase for 
the United States would be 15 °F to 
20 °F, and soil drying could approach 
30 percent to 50 percent during the 
growing season (Figures 13 and 14). 

Figure 13 The extent of 
warming indicated in 
Figure 14 would lead to 
severe soil drying in the 
U.S., with deficits reaching 
30 percent to 50 percent 
during the growing season. 

Figure 14. If the CO2 levels reach 1100 
ppm, fHI, dimare wilHtubtttze at rem,,er 
-atur-M e11ceetJ"'9 15 °F to 20 °F higher 
than current levels. 

v~ nt11p111f.if, 
c:uc.,ld bt 
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Vulnerabilities and Potential Consequences 
v/d-V\ 

Climate changes from rapidly rising concentra- tory disease, asthm~, a d allergic disorders. 
tions of CO2 and other greenhouse gases could Because children and e elderly are the most --
have widespread effects, many of them nega- vulnerable population , they are likely to suffer , 
tive, on ecological systems, human health, and disproportionately oth wanner te~_eratur~; . -
socioeconomic sectors. At the higher concen- and poorer air quality. (} f! \"'"'.'~-c._~~. (p..~S 

trations, uncertainty about what will happen ----- 0 ~ l 10 " 

increases. The outcome could be less dramatic Diseases that thrive in warmer imates, such as 
than expected, but it could just as well be much I malaria, dengue and yellow fe ers, encephalitis, 
more severe. The faster the rate of change in • and cholera, are likely to spr d due to the 
climate, the less time there will be to adapt, expansion of the ranges of osquitos and other 
underscoring the im ortance of proceeding disease-carrying organisms. The result could be, 
with great caution. c.a .-- for example, SO million to 80 million additional --=---- ._ .. p11-... , malaria cases per year worldwide by 2100. In 
Worsening Health Effe tsV::\? • mate change general, people in developing countries are more 
will impact human health in a variety of ways. vulnerable to climate change because of limited 
Warmer temperatures will increase the risk of infrastructure and capital and greater depen-
mortality from heat stress. For example, in July dence on natural resources. 
1995, 465 deaths in Chicago were attributed to ~ -
a heat wave with temperatures exceeding 90 °F Rising Sea LeveL:-29-sing sea level erodes 
day and nig~By 2100, this type of event may beaches and coastal wetlands, inundates low-
become six times more frequent. Climate lying areas, and increases the vulnerability of 

lems, such ass og, and increase 1 vels of air- intense rainfall. By 2100, sea level is expected to 
borne pollen a d spores that aggra ate respira- rise by 6 to 37 inches. A 20.,inch sea level rise 

change also 1exacerbate air qu~ity prob- coastal areas to flooding from storm surges and 

1 1.. L. • • c.ca.\Lvl .. +ioill r.• , w\\\ "e q.Q ... ~ '""~ l'l Y I'S "- 1¥'~ .. :fbfe-tr.1ift+ t.vr.\1\111~114-ff J-h-' 
+41..,,ttrat-.-.-e Cl."'"' r.vm\cl-i'"v. n,r w Shi"' Wr"- DC. i" '.Jv\ , -= 

Figure 1 S. Higher temperatures will exacerbate urban air pollution pro blems such as tropospheric ozone. 
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will result in substanti I loss of coasta l land in 
the United States, par icularly along the south­
ern Atlantic and Gui coasts, which are current­
ly subsiding and ar particularly vulnerable. 
The oceans will co tinue to expand for several 
centuries after te peratures stabilize. Because of 
this, sea level rise may eventually exceed 00 'i 0 
inches,~and. could be substa~ 
depending on the extent to which the 
Greenland and Antarctic ice sheets melt. 

• A 20-inch sea level rise would double the 
population at risk from storm surges, from 
roughly 45 million at present to over 90 mil­
lion worldwide. A 40-inch (1 m) rise would 
triple the number. 

5ov°"Y" ~lor·,<}1.&. \~ h\~\.,_\y vv\t\efc,..'o\e .\-o ;,Ii.~ 

• third of the Florida Everglades has an eleva- \~vt I 
tion of less than 12 inches, .and is r,'1::ihJ.eraelQ. r-i. <,e 
w a J -foot s@a le1n~l ris~ Salt water intrusion 
would adversely affect delicate ecological O f 
communities and degrade the habitat for •-W 
many species~ ,~t..hll ' 

Disruption of the Water CycQmong the 
most fundamental effects of climate change are 
intensification and disruption of the water cycle. 

Droughts and flooOtensification of the water 
cycle will produce more severe droughts in some 
places and floods in others. Such events are 
costly. Damages from the Southern Plains 
drought of 1996 were estimated at $4 billion, 

Figure 16. Sea level rise 
could inundate many low­
lying coastal areas in 
Florida, and will increase the 
vulnerability of all such 
areas to storm surges. 

13 



Figure 17. Severe drought will become more frequent in 
some regions as the precipitation patterns shift. 

·\'~~ ~ ~c..:.t\C... \'oflcl'\W'l~'t ~'u:,i)~ \I' ~"'il w•1"'°Q.<" 

~ ,J ~ \<A.0.6· 11.('tl CA.°' o't>ou-\ ~ 7 Q·, \\ii)~ 1 -\ hi!. 

( (Cl"~ Oh\o r·, • .,tr ~\ooc). o.~ c..'oc,vt 1 \ b;11·,o"-) 

the 1993 Mississippi River floodd;;:nvuTes A.a,~ 

fa-Hged frem $10 billion to $20 Abilli~~i ~he 
1997 Red River flood in the Northern Plains 
~ate& $2 billion. 
tt."'r (). ~ (.] ...,~ 

Water quality and quantity - Areas of greatest vul-
erability are those where quality and quantity 

of water are already problems, such as the arid 
and semi-arid regions of the United States and 
the world (Figure 17). 

• Climate change would likely increase water 
'---- supµy problems in several U.S. river basins, 

such as the Missouri, Arkansas, Texas Gulf, 
Rio Grande, and Lower Colorado. 

• Water scarcity in the Middle East and Africa 
is likely to be aggravated by climate change, 
increasing the risk of international tension 
among countries Stteh a~ Syria, Stuba, Egyp~ 

r lJ tmd Ira'½,. which depend on water supplies 
originating outside their borders. 

Figure 18. Climatic shifts will force so me sp ecies to migrate northwards or to higher elevations in order to stay in the appro­
priate climatic zone. The climatic zo ne fo r sugar maple, for example, could shift northwards into Canada. This would com­
promise th e maple syrup industry and tir e faff foliage co lors , both of which make New England famous. 

1·1 
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Shifting Forests - Climate change can dramati-
cally alter the geographic distributions of vege­
tation types. The composition of one-third of 
the Earth's forests would undergo major 
changes as a result of climate changes associat­
ed with a CO2 level of 700 ppm. Over the next 
100 years, the ideal range for some North 
American forest species could shift by as much 

'o,y ec..o~ 

benefits ~provid/~ean water and 
recreation. Wetlands are particularly at risk. 
The wetlands of the prairie pothole region, 
which support half the waterfowl population of 
North America, could diminish in area and 
change dramatically in character in response to 
climate change. • • • 

as 300 miles to the north, far faster than the -. The glaciers of Glacier .National Park 
forests can migrate naturally. Economically have receded steadily for decades. ~ 
important species, such as sugar maple, could ):her-e--mrct-been a 73 peree-m-reducti~ 
be lost from New England by the end of the 'afea of eight preminent glacier£ in the Park 
next century (Figure 18). (Figure 19). ~ t'l\oo--e\ f'oje.<-Ho~c, \.--.u-,c..c,..h 
s oJ '-"' e,'lt-u-"e~ Lou\(). "'-o-ve Qlr> ~OoJ~J eH·l!c.:\; on -\-\r-c,."'1- ,.,... \.\ -\-"-12 \)1,1..f\t.'S '1'" l.-\C?<'i .....,·, \\ 0-i S.q_f9'"'r 

~angiag-Natttral~ea& - Ntttti~ Challenges to Agriculture and the Food \;I'/ "'1.v '=>0 
• 

~ci.ud.ing-tho~p the U.S. system of Supply - Climate strongly affects crop yields. A 
national parks and refuges, Me highly v1::1ln~ CO2 concentration of ~ ppm 1s likely to SSC 

nu-c.legradatiorrfrorn-climatge. The/ increase crop yields in some areas by as much 

:r~~~~=~d ~~ a~ 30 ~ercent to 40 perce~t, ?ut it will decrease 
-r , leadmg yields m other places by similar amounts, even 

to reductions in biological diversity and in the for the same crop. A warmer climate would 

Figure 19. Warmer temperatures have already led to substantial glacier melting and shrinkage in Glacier National Park, 
Montana . Dalo indicate that more than 70 percent of some of the glaciers in the National Park have already me/led. 
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reduce flexibility in crop distribution an~ in the developed countri~s are highly adaptable 
increase irrigation demands . Expansion f the and can probably cope with the expected range 
ranges of pests could also increase vll rability of climate changes without dramatic reductions 
and result in greater use of pesticide . Despite in yields. It is the poorest countries, already 
potentially large changes in yields, food produc- subject to hunger, that are the most likely to suf-
tion is not expected to be altered substantially fer significant decreases in agricultural produc-
by global climate change

1 
'sut there are likely tivity (Figure 20). 

to be winners and losers. Agricultural systems 

Figure 20. Agricultural production would increase in some areas, and decline in others as the climate warms and the CO2 lev­
els in the atmosphere increase. Although many scientists believe that global risk from hunger will not increase with climate 
change, there will be local winners and losers. Farmers may need to shift crops, or re-locate agricultural lands. The need for 
irrigation may also increase. 



Conclusion 

Earth's atmosphere is rapidly chang­
ing. As the world's expanding popula­
tion bums large quantities of fossil 
fuels and simultaneously cuts down 
large expanses of forests worldwide, 
the concentrations of CO2 and other 
greenhouse gases are building up in 
the atmosphere. There is mounting 
evidence that this shift in Earth's 
atmosphere will lead to global warm­
ing and potentially major climatic dis­
ruptions. 

Many aspects of our lives are already 
vulnerable to climate extremes and 
variability. Global warming and other 
climatic disruptions will, in turn, 

amplify the effects of other stresses 
and affect our lives in many ways. 
Our health may be compromised, our 
food supply threatened, our natural 
areas severely disturbed, and our sup­
ply of freshwater in some areas limited 
as Earth's climate changes. \. 

~t>-V e, 

The more knowledgeaeliwe ~ about 
our vulnerabilities to climate change, 
the better prepared we will be to make 
wise decisions about our future course. 
investing now to protect Earth's cli­
mate will enable our children~to live in 
a world that is not dramatical altered 
by an enhanced greenhouse ef ect. 

().'I'~ 
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GREENHOUSE GASES AND CLOUDS KEEP 

THE EARTH'S SURFACE 33°C WARMER 

THAN IT WOULD OTHERWISE BE. 
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Annex I and Non-Annex I Fossil Fuel Carbon Emissions: 
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TRENDS/ I 00 YEARS 

e 20% 
e 10% 
• 5% 

Precipitation trends ( 1990-present, in percent of normal annual precipitation) 
within state climatic divisions. The diameter of the circle centered within each 
climatic division reflects the magnitude of the trend. Larger circles have the 
greater trends. Red reflects increasing precipitation and blue decreasing. 
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CURRENT AND PROJECTED RANGES OF BEECH TREES IN THE 

U.S. UNDER TWO MODEL SCENARIOS 
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Average Annual Excess Weather-Related Mortality for 
1993, 2020 and 2050 Climate 
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OSTP Annotation for Graphics Package (7 /23/97) 

There is a strong scientific consensus that human activities are affecting the global 
climate as stated by the Intergovernmental Panel on Climate Change (IPCC). This 
represents more than 2000 scientists from more than 50 countries. 

Figure 1: Greenhouse Effect 
There is a natural greenhouse effect that keeps the Earth 3 3 degrees C, or 60 degrees F, 
warmer than it would be. Without this effect, life would not be possible. Water vapor, 
CO2, methane, nitrous oxide, and other trace gases trap heat as it is re-radiated out to 
space. 

Figure 2: Changes in CO2 Over Time 
Since pre-industrial times, humans have added to the natural greenhouse effect by 
releasing additional greenhouse gases into the atmosphere. Burning of fossil fuels for 
energy is the primary source of emissions (about 6 billion metric tons of carbon per year); 
changing land-use patterns through agriculture and deforestation also contribute another 
1-2 billion metric tons per year. Since the Industrial Revolution, atmospheric 
concentrations of carbon dioxide -- the most important greenhouse gas -- have increased 
about 30%, from 280 to 360 parts per million by volume (ppm). Other greenhouse gases 
have also increased. 

Figure 3: Cumulative CO2 Emissions, 1950-1990 
Whose emissions are in the atmosphere? Today, developed countries account for most of 
the concentrations in the atmosphere (for example, the U.S., which has 4% of the world's 
population, accounts for more than 25% of the greenhouse gases emitted into the 
atmosphere over the past 40 years.) 

Note that developing countries, with 80% of the cmTent world population, accounted for 
only 21 % of the past four decade's emissions. Of course that will change: 90% of the 
world's population growth over the next few decades will take place in developing 
countries. Per capita energy use -- which averages about 1/10 to I /20th of ours -- will 
increase. (For example, there is only 1 car per 2,000 people in China). 

Figure 4: Projected CO2 Emissions 
Under business as usuaL we expect emissions from the developing ccur.tries ta rapidly 
increase, equaling those of Annex 1 (US, OECD, former Scwiet Union, and Eastern 
Europe by about 2035 and continue to climb. 

Figure 5: Global Temperature, 1860 to Present 
What has happened to date? Over the last century, the global mean surface temperature 
increased by about 0.5 degrees C (almost 1.0 degree F). The surface temperature this 
century is as warm or warmer than any century since at least 1400 AD. The last few 
decades have been the warmest this century. The ten warmest years this century have all 
occurred since 1980, and 1995 was the warmest year on record. 



Figure 6: Projections of CO2 and Temperature to 2100 Under Business As Usual 
Where are we headed? Under a range of plausible scenarios for emissions, to another 2-6 
degrees F by 2100. 

Figure 7: US Precipitation and Drought Trends Over The Last 100 Years 
What does warming do? A warmer earth essentially speeds up the planet's hydrological 
cycle or water cycle. There is more evaporation meaning there is more water in the 
atmosphere that will come down as rain or snow. The increased evaporation will also 
lead to drying in some areas, so we expect both more soil drying and more precipitation. 

Figure 8: Florida Sea-level Rise 
Warming the ocean causes sea-level to rise -- mo tly from thermal expansion of water, 
some from melting of sea ice and glaciers. Here is what a 1 meter rise in sea-level will do 
to Florida. 

Figure 9: U.S. Coastal Lands at Risk From a 20" Sea-level Rise 
This shows the U.S. land loss (which totals about 7000 square miles) for a 20 inch sea­
level rise -- the scientists' best guess by the year 2100. The Atlantic and Gulf Coasts are 
particularly vulnerable. 

Figure 10: Shifting Beech Tree Ranges Under 2 Model Runs 
Warming the planet and altering rainfall also shift the ideal ranges for ecosystems. The 
left panel shows the current rage of beech trees, the two right panels are for model 
projections of their future range. IPCC estimates that 1/3 of the Earth's forests could 
undergo a major change in vegetation: the Northeast United States will likely lose beech 
trees and sugar maples. Western conifer forests will decrease in the area. There will also 
be significant shifts in the ideal range for many agricultural crops (likely to cause more 
hunger especially in the tropics). 

Figure 11: Heat-related Deaths Projected for the US 
Heat-related mortality and illness will increase. (if this graph were of major cities in 
developing countries, all of the numbers would be in thousands.) Reduced air quality 
will exacerbate respiratory disease, asthma, and allergic disorders. Geographic ranges for 
disease will expand, leading to an increase in disease such as malaria, dengue, and yellow 
fever. 50 to 80 million additional cases of malaria per year are projected worldwide. 

Most impc1cts research has only evaluated the effects of a douhled CO2 world equilibrium. 
We must also l.,egin to understand what impacts might be experienced if atmospheric 
concentrations more than double. Which is where we are headed. 



Figure 12: CO2 and Temperature Over the Last 170,000 Years as Measured in Ice 
Cores (Vice President's Favorite Chart) 
Where will business as usual take atmospheric concentrations? In 100 years, through 710 
ppm -- approaching 3 times pre-industrial levels -- levels not seen in the last 50 million 
years. This rate is a geographic blink of an eye, much faster than what natural systems 
have been exposed to. 

Figure 13: Emissions as Usual versus Stabilization Paths 
Stabilizing the atmospheric concentration of greenhouse gases is the goal of the treaty. 
Note that to achieve a 550 ppm concentration target -- which represents about a doubling 
in atmospheric CO2 concentrations -- worldwide emissions must veer off of Business as 
Usual (BAU, red line) in the next 15 years and begin declining steeply during the second 
quarter of the century. 

Figure 14: U.S. Temperatures in a 2 times and 4 times CO2 World 
This map centered over the US shows how average temperature increases for a 2 times 
and 4 times CO2 world -- 5 to 10 degrees F for a doubling, but 15 to 20 degrees F for a 
quadrupling (warming is amplified at higher latitudes). 

Figure 15: North American Soil Moisture in a 2 times and 4 times CO2 world 
In the growing season, soil moisture deficits would approach 30-50% for quadrupling, as 
opposed to 10 to 30% for doubling. 

We clearly wish to avoid these impacts. 
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Proceedings 

INTRODUCTION BY THE VICE PRESIDENT: 

On behalf of the President and the First Lady, it is my pleasure 

and honor to wdcome all of you to the White House. 

Today we hear about the concerns of scientists. This 

Administration has always worked on the simple principle 
that science must inform policy decisions. Scientists are by 
nature a cautious group, but the world's scientific commu­

nity is clearly telling us that they believe we are disrupting 
the balance of the world's climate. In the words of the 

2,000 scientists who participated in the Intergovernmental 
Panel on Climate Change (IPCC), there is "a discernible 
human influence on global climate." Moreover, recently 

more than 2,600 scientists signed a letter about global 
climatic disruption that we'll be hearing more about later. 

And now I would like to introduce the person who is 
ieading our country, and the world, toward recognition of 
what must be done co deal with chis issue. le is my honor, 

ladies and gentlemen, to present the President ofthe 

United States, President Bill Clinton. 

TUE PRESIDENT: Th:u-,k you very rr.ud .. The whok 
is~cc cf climate diz.nge must be b0ked ;it :c terms 'of cur 

deepest obligations to future generations. I have spent 

most of my time in the last 41/:.. years trying to prepare the 
American people for a new century and a new millen­
nium. We must also protect the Earth for that new millen­
nium, to ensure that the American people will benefit 
from the opportunities we are trying to create. We cannot 

. ' ...... ,-' 

fulfill our responsibilities to future generations unless we 
, -deal responsibly with the challenge of climate change. 

The overwhelming balance of evidence and scientific 

opinion is that it is no longer a theory, but a fact, that 
global warming is for real. The world's scientists believe 

chat if w~ don't cut our emissions of greenhouse gases, we 
will disrupt the global climate. 

In the face of this, the United States must confront a chal­
lenge that in some ways is the most difficult of all democ­

racy's challenges. We have the evidence, we see the train 

coming, but most ordinary Americans in their day-co-day 
lives can't hear the whistle blowing. Unless they have lived 

in a place where they have experienced severe and 

completely atypical weather in the lase five years or so·, che 
degree of the challenge is inconsistent with the actual 
perceived experience of most ordinary Americans. 

A democracy is premised on the proposition that, if the 
American people or any people in any democracy know 

what the facts are and believe them, way more than half 

the time they will do the right thing. So what we are 
doing today is beginning a process in which we ask the 
American people to listen to the evidence, to measure it 
against their own experience, but not to discount the 
weight of scientific authority if their own experience does 

not yet confirm what the overwhelming percentage of 
scientists believes to be fact today. 

I do want to say that I am convinced that, when the 
nations of the world meet in Kyoto, Japan, in December 
on this issue, the United States has got to be committed to 



realistic and binding limits on our emissions of greenhouse 
gases. Between now and then we have co work with the 
American people co gee them co share that commitment. 
We have co emphasize flexible, market-based approaches. 
We have to embrace research and development efforts in 
technology that will help us to improve the environment 
while permitting our economy to grow. We have to ask all 
nations, both industrial and developing, to participate in 
this process. If we do this together, we can defuse this 
threat, and we can make the 21st century what it ought to 
be, not only for our chiidren, but for all the children of 

the world. 

I believe the science demands that we face chis challenge 
now. I'm positive that we owe it to our children. And I 
hope that we can finJ the wisdom and the skill to do 
democracy's work in the next few months co build the 
consensus necessary to actually make action, as opposed co 
rhetoric, possible. To all of you , for your commitment co 
chat, I thank you. 

And now I'd like co ask Dr. Rowland to be the first of our 
distinguished scientists to lead off 

DR. ROWLAND: Mr. President and Mr. Vice President, 

global climatic change is underway. Carbon dioxide from 
the combustion of coal, oil, and natural gas has risen 15 
percent in the atmosphere since 1958. Methane, some of 
which is emitted from cattle and rice paddies, has 
increased 16 percent since 1978. The air now holds four 

times as much chlorofluorocarbons as it did 25 years ago. 
The amount of owne in the str.itosphere over the United 
States is 6 to 10 percent lower than it was in the 1960s. 

Many other changes are occu,ring as well. The global 

aver~e surface temperature has risen about 1 °F during 
the p:i.sc century, and sea level has risen from 4 to 10 

inches\ 

Land use patterns have been greatly altered as forests are 
burned for use as agricultural land. Many of the species 
formerly in these forests are disappearing. The geograph­
ical ranges of tropical diseases are moving northward. 
H man .activities are the chief cause of many of these 

• 
changes. 'The last century saw tremendous growth in the 
global population, from about 1 ½ billion in 1900 to 6 
billion in the year 2,000 and 8 billion in the year 2025. 
Much of the world is now moving as fast as possible into a 
more affluent, energy-intensive era. 

The combination of a rapidly growing world population 
with an increase in per capita use of energy carries with it 
great pressures on the environment and the atmosphere. 
Becaw.e the wind circles the earth wirhin a few weeks, · 
greenhouse gases emitted from each country quickly 

Expert climau scientists from tn()t"e than 

50 cou,.tms .ig,--ec that "tbe bal.:zm:z .:,f evi,-ir.tc:­

suggests th.it tl,er£ is a discernible human 

influence on gfubal climate." Dr. F. Sherwood 

Rowland, Nobel Prize recipient, noted that global 

temperature records indicate an overall warming of 

about I °F over the last century. 

2 White House Roundtabte on Climate Change, July 1997 
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become a global problem requiring a global solution. 
During, the 1990s, the world called upon its scientists to 

evaluate the question of global warming from the accumu­
lation of greenhouse gases. The authoritative IPCC has 
estimated a probable increase in global surfuce air tempera­
ture of about 3½ °F by the year 2100, with a possible 
range from 2 to 6½ 0 F. They further stated chat the 
balance of the evidenu! suggests a discernible human influ­
ence or. global di111ate, and w::..rr.eJ ,.hac ~he av:::cage race.: of 

v. a.rming wiil prob.Lly 6e gr~ter cha.'l any e.<p.::rie,1c.::d i.i1 

the past 10,000 years. The variation in estimated out­

comes depends upon what the countries of the world do 
to control the emissions of carbon dioxide and ocher 
greenhouse gases in the intervening years. More than 2600 
scientists have now signed a statement on global climatic 
disruption in which, as scientists and as concerned citi­
zens, we ask that the United States demonstrate strong 
leadership in rhe glcbal effort with a firm proposal for 
reducing U.S. emissions of greenhouse gases. 

Diu to human activities - primarily the 

burning of fossil faels - atmospheric 

concentrahons of several grunhouse gases 

have substantially increased since the 

beginning of the Industrial &volution. Dr. 

Mario Molina, Nobel Prize winner, noted 

that current projections indicate atmospheric 

concentrations will exceed 700 parts per 

million by 2100. This would be the highest 

Lev;/ of carbon dioxide in the atmosphere in 

50 million years. 

THE VICE PRESIDENT: Now I'd like to ask Dr. Mario 
Molina to give us an overview of the science of climate 

change. 

DR. MOLINA: I'd be pleased to do that, Mr. Vice 
President. The "greenhouse effect" is a process chat affects 

the heat patterns of our planet. The earth receives energy 
from the sun, which passes relatively freely through die 
atmosphere. But the energy chat the earth emits back to 

outer space is actually trapped by certain gases in the 
earth's atmosphere, which affects the earth's heat patterns. 
One of these gases is carbon dioxide, _which is the most 
important greenhouse gas. And what we have in the figure 
is a representation of the amount of carbon dioxide in the 
atmosphere going back in time 160,000 years. The levels 
of carbon dioxide range between about 190 and 280 parts 
per m;Uion. We know diis from ra~uring the comp0si­

cion cf ai:- bubGics napped ia i.:-e cores from Autarc.lica 
and Greenland. The lower curve in the figure is a similar 

record of temperature going from the present back 
160,000 years. There is a remarkably large correlation 
between these two curves. You can see that the preindus­
trial amounts of CO2 are below 300 parts per million. The 
current concentration of CO2 is roughly 365 parts per 
million. What is striking is chat chis is a level chat we 
haven't seen before, certainly not in the past 160,000 
years, and we got there very fast. 



The next question is where are we heading? What 

happens in the future depends on what we do. If we 
continue with the so-called "business-as-usual" scenario, 

we can predict that we are going co reach levels of about 

700 parts per million. And what is remarkable is how fast 

chis would occur - in only the blink of an eye on the 
geological or evolutionary time scale. I should point out 
that the earth has actually seen such high levels of carbon 
dioxide in the past, but that was some 50 million years 
ago when the earth was a very different place from what it 
1s now. 

This is the sort of evidence chat makes the scientific commu­
nity consider this to be a serious problem. The magnitude 

and the pace of change are what make us really worry. 

THE PRESIDENT: Thank you very much. Now, I'd like 

to call on Dr. Jane Lubchenco, our expert on ecology, and 
see what such significant changes in greenhouse gas levels 
might mean for natur.tl resources. 

DR. LUBCHENCO: Mr. President, Mr. Vice President, 

, as both of you are aware, the ecological systems of the 
world - the forests, wetlands, coral reefs - provide the 

life support systems for all of life on earth. Important 

ecosystem functions, including flood control, purification 
of air and water, and the creation of beautiful places for 
recrdtion and inspiration can only be provided by intact 
ecologi

1
cal systems, and when those systems are disrupted 

or lost, then we lose the goods and services they pro~>ide. 
To provide a few vignettes of the ecological consequences 
of climate change, in the optimistic ·scenario of a doubled 

CO 2 world, lee me invite you on a brief field trip to 
different pares of our country: 

• Let'si ,b~gin in the forests of New England, which like 

probably a third of the forests around the globe, will 
undergo major changes. For example, we would prob­
ably lose sugar maples from the New England forests. 

• Let's move to the southern part of our country. Salt 

marshes in Louisiana are already being submerged. 
Climatic change would exacerbate this problem as sea 

Natural ecosystems will shift as individual species respond to changes in climate. Rates of temperature change over the nat century are 

expected to be faster than have been observed over the last I 0,000 years. Dr. Ja11e lubchenco predicted this will lead to less of biolcgical diversity 

and the ser11ices ecosystems provide far society. estimated to be worth trillions of dollars anni..il£v. 

4 White House Roundtable on Climate Change, July 1997 



level rises between six inches and three feet. The loss 

of salt marshes would result in the loss of nursery 
areas, which are the natural hatcheries for important 
fish and shellfish. We would also lose the system's 

ability to detoxify pollutants, trap sediments, create a 

habitat for unique plants and animals, and protect the 

shores against the battering of waves. 

• Now let's move to the Midwest. Drought is no 

stranger co this region. The heat wave in 1988 

resulted in a one-third drop in U.S. agricultural 

production. While these highly managed agricultural 

sys~ems are thought to be quite adaptable, climate 
change is likely to increase deman<ls on available 

water to ameliorate soil drying, and on pesticide use 

to combat increased incidences of pests and diseases. 

• Flying up to Glacier National Park in Montana, we 

would be dismaved co find out chat fully 73 percent 

of the glacial areas have already been lost since 1850 

because of cLmate warming. In fact, climate change is 

predicted to result in loss of all of the glaciers in the 

park by the year 2030, well within many of our chil­
dren's lifetimes. 

As an ecologist, I must emphasize that the slower the rate 
of change in climate, the less catastrophic the results. 
Species are more likely to be able co migrate, to grow, and 
evolve if the rate of change is slow. 

Human health and food 

security may be aJverse{l' 

affected by climate 

change. In combination 

with increasing popu/aJions 

and limited land and water 

resources, climate change is 

likely to lead to increased 

pressures on food supplies 

and disease surveillance 

systems. 

Climate change is only one of many enviroP.mental 

changes occurring around the world today. There are 

multiple stresses, including familiar things Lke u!"baniza­
tion, over-fishing, pollution, and the loss of biological 

diversity. Taken together, these stresses are reducing the 

ecorystems that we depend upon for our quality of life. As 
a scientist, I know enough co appreciate how serious and 
urgent the problem of climate change is. As a mother, I 
care especially about rhe prospects of the world that my 

children wili inherit. I do not wish them to have a world 

chat is disrupted and d~pauperate. The quality of their 
fu ture depends upon our willingness to act and to act 

quickly. 

THE VICE PRESIDENT: Thank you. Let me call now on 
Dr. Steve Schneider to discuss che risks of severe or extreme 

weather events - droughts, floods, and hurricanes -

which have been predicted to accompany global warming. 
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DR. SCHNEIDER: Thank you very much, Mr. Vice 

President., Mr. President. What we're addressing at the 
moment is, "so what if the climate changes?" This is a 
question that scientists have spent a long time on, doing 

literally hundreds of studies, suggesting outcomes ranging 
from catastrophic to mild. Let's take a look at just two 

examples - the sea level question and the question of 

hydrologic extremes, droughts and floods. We all 
remember the terrible pictures from hurricane Andrew, 
which resulted in losses on the order of $40 billion in 

Florida and other areas around the Caribbean. Could we 
have had something to do with that? If you increase the 
temperature of the oceans, it increases evaporation, it 
might make storms stronger. That's very controversial. But 

one thing we know that isn't controversial is that be.fore 

1987 there were no losses larger than $1 billion. And now 
the insurance industries are very concerned that there have 
been several in the tens of billions. 

What else do we know that's not controversial? Sea levels 

have gone up and are projected, typically, co go up six 
inches to maybe three feet, depending upon how things 
cum out in the next century. And whether storms are 

augmented in strength by global warming or remain at 
their natural levels, they'll be causing flooding from a 
higher sea-level base. As a result of that, the damages 
would go further inland. 

What about the hydrologic extremes? Well, we all saw 
pictures of the 1988 drought. We know ..bout d,e seemingly 

endless stories of floods now. And the question is, "Has 
nature rolled us a double snake eyes, or have we started to 

load the dice?" Again, physics says if you increase the heating 

of something that has water in it, more water will evaporate. 
So, what that suggests is that more water in the air means 
that when it does rain, the rainfall can be more intense. 
When it's dry, you can have more evaporation. 
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The question is, what's happening? A line that we often 

use in science is, well, in God we cruse, but for the rest of 
us, please show data. Dr. Tom Karl and his colleagues in 
North Carolin;1., for example, have concluded t.hat there 

has been about a 10 percent increase in precipitation 
across the United States since 1910. The interesting part, 

as Tom says, is, ."The increase in precipitation is reflected 
primarily in, the heavy and extreme daily events." 
Translated: Gully washers. The bulk of the rainfall 
increase has been in those kinds of damaging, extreme 
eve cs. A pattern is emerging, and the pattern is consistent 
with the expectations from our models. So, while no one 

event certainly could be laid to the doorstep of global 
warming, the increasing frequency and magnitude of 
severe storms could very well be the fuse signs of the 
canary in the cage starting to quiver. 

The IPCC concluded with a paragraph I know well as ·a 

lead IPCC author, and I'll quote what it said in its last 
paragraph of the sumn.ary for policy makers. "When 
rapidly forced, nonlinear systems are especially subject to 
unexpected behavior." In my words, that means reducing 

the pressures humans put on nature is insurance against 

potential nasty surprises. 

THE PRESIDENT: Thank you very much. Now, I'd like 
to ask Dr. Robert Shope, who studies infectious diseo.ses 
extensively, co discuss how human l,ealch might be 

affected by climate change. 

DR. SHOPE: Thank you, Mr. President. Health and the 
environment are closely linked. If there is a 6 °F warming, the 
heat alone in North American cities, such as Washington, 
D .C., will result in an excess of deaths, especially in elderly 
people who do not adapt well co severe warmth. We had an 
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example in July of 1995 in Chicago, Illinois. There the 

temperature exceeded 90 °F night and day for a prolonged 

period, and there were 465 deaths recorded in Chicago 

related to the heat. 

My own personal experience is with diseases transmitted 

by ticks, mosquitoes, and other biting insects. Let me talk 
about dengue virus. This causes a disease in people which 

typically gives them high fever, headache, muscle aches 

and pains, and sometimes a ra..h. There is a more severe 

form of dengue, dengue-hemorrhagic tever, in which the 

case mortality rate is about 10 percent. This virus is trans­

mitted by a mosquito that lives in and around homes in 

warm climates. The mosquito is killed by a hard freeze; 

therefore, it's northern limit is about Memphis, Tennessee, 

at the present time. In the last decade, we've seen a steady 

increase in the numbers of cases of dengue in tropical 

America, including Mexico. This disease is now literally on 
0u r s ~i•..! thern border. I ~-" I! 11 ot .. t:!l yu•J wl ,~<: itr de!,g111: 

:p::·bn:cs will occm ;,1 the U::it!:'d Sc:itc.,, bt:t ·Ni th c!i:-:-;;:ce 

change and warming, the mosquito will thrive further 
north. 

These same factors apply to the vector of malaria, also a 

mosquito. Malaria is a disease that, worldwide, kills 

approximately 2 million people each year. It's a tropical 

disease, but recently has occurred in small ·outbreaks in the 

United States, in New Jersey, New York, and Texas, and 

Mankind has drama.tically ahered the 

compositi.on of d,e atmosphere in the last 

150 years. The concentration of carbon dioxide 

is 30 percent higher than it was in I 860 and is 

now higher than it has bun in 160,000 years. 

with war1;1ing we can expect these outbreaks to continue 

and to enlarge. 

The factors that I've talked about argue for controlling the 

environment while we still have time, and I will say that 

the best insurance is preparedness. There are many other 
diseases directly affected by rainfall and warming - St. 
iJl u i., en ..:epb:.,l;, is, thr. ci r:k-60rr.1: Lym~ d;:,t.a.,C, :rn.:l th,~ 
n v:ly r:::ccgi1:zd rodeN-a.:;scc;atcd Har.ta.virus pulmonary 

syndrome, •.vhich broke out in 1993 in the southwestern 

part of the United States. Each nation in the world has its 

own set of diseases, some of which affect Americans 

abroad or can be transported and introduced into the 
United States. Therefore, the problem of climate change 

and health is of common interest among nations as are the 

solutions. Thank you. 
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THE VICE PRESIDENT: All right. I'd like to ask Dr. 
Henry Kendall, Nobel laureate and chairman of the Union 

of Concerned Scientists to speak to the international 

dimensions of the issue. 

DR. KENDALL: Mr. President, Mr. Vice President, 

thank you for this opportunity. Disruption of the climate 

is linked to, and can aggravate, many other human prob­

lems. One link I'd like to talk about is the connection with 

world food production. Agriculture, as is widely recog­

nized, needs a stable climate in order to be highly produc­
tive. But in 1988, in the central North American conti­

nent, with combined high temperatures and drought, both 

Canada and the United States lost one-third of their grain . 
supplies. For the first time in 200 years, food production 

was not adequate to feed us. In the years since, Australia 
and Mexico have haJ so mewnaL simiiar evc,hs. 

Food demand is expected co double in the next 30 years, 

which is almost no time at all. Fresh water, which is vital 
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11,e vast majority of d,e world's 

ieading climate £Xj)erts are 

concerned that human-induced 

climate change could have profound 

consequences for the economy, human 

health, and quality of lift in future 

generations. Flanked by the Vice 

President and the President, the eminent 

U.S. scientists who contributed to the 

Whitt House roundtable discussion of 

• · climate change are (left to right) Robert 

Shope, Henry Kendall, Jane Lubchenco, 

F. Sherwood Rowland, john Holdren, 

Stephen Schneider, and Mario Molina. 

for irrigation, is already short. The human race uses nearly 

one half of the available fresh water, and 40 percent of the 

world's population lives in areas that are water short. 

Expansion into 11ew arable land is highly constrained, and 

the last thing we need are climatic changes and disruptions 

putting additional pressures on a system that is already 
becoming considerably stressed. Of course, it's the bottom 

tiu of ~he .::! P.\-d0p:ng ~J::i0:1s rh;;.t wi!I g::c h;t dirr.ccly by 

5horra~e.,. This ha5 _,Jready started t:o gen1;:rne irv::rC'.l.~ing 

numbers of hungry migrants, environmental refugees, 

streaming across national borders. The result is that no 

nation will be sheltered from the effects of dislocations in 

food supplies, altered trade balances, and fresh water diffi­
culties. The flow of migrants may increase into the 
hundreds of millions of people. And even though the 
wealthy nations will remain able to feed themselves, and 

remain well fed into cl1e future, no nation will escape trou­
bles from pressures on the food supply. Mr. President, it is 



not the case that one end of the boac can sink, so lee me 
say chat chis is a developing problem in national security, 
and we have co deal with it. The best way co deal with 
problems of this sore is ro stop them at the outset and not 

wait until the results a.re presented to us and the great 
troubles have developed. Thank you. 

THE PRESIDENT: Thank you. I'd like to now turn co • 
Dr. John Holdren, who's worked on many global issues. 

Why do you chink people a.re underrating the importance 

of the climate change issue, and what do you think we can 

do about it? 

Climate change is a gfubal issue requiring a gfubal response. 

h :;ider.t C!mtc,1 h.is ::attd ;!,at "u;e hcvi :o :z.;k all r.cti,m;, both 

i,;,.'u;r.-ial a,1J dwe:Cping, to ;,r..rt.'ci;a:.- i.'1 if..i, process. vle h,wi :a 

emphasize flexible, market-based approaches. We have to embrace 

research and development efforts in technology that will help us to 

improve the environment while permitting our economy to grow. If 

we do this together, we can diffuse this threat, and we can make the 

twenty-firrt century what it ought to be, not only for our children, 

but for all the children of the world." 

DR. HOLDREN: I think, Mr. President, Mr. Vice 
President, there a.re at lease six reasons why most people 
underrate the seriousness of the climate disruption problem. 
I think the fuse reason that people tend to underrate this 
problem is that human well-being is a lot more dependent 
on climate than most people think. As you heard today, 
we're talking about the productivity of furms and forests and 

' fisheries. We're talking about the frequency and intensity of 
floods and droughts and heat waves. We're talking about the 
geographic pattern of disease. We're talking ab,mt sea level 

rise and associated destruction of coascal property. And we're 

ta.lki~ about the potential for political tension and conflict 
over the consequen~ _and over who's responsible and who 
should ,pay. 

T he second reasoa people tend to underrate this problem 
is that climate disruption is a lot further a.long than most 

people think. As we've seen, atmospheric carbon dioxide is 
already higher than it's been in the last 160,000 yea.rs. The 
global surface temperature, which is expected to lag 

behind i~treasing carbon dioxide concentration, is higher 
cha.n it's been in the last thousand yea.rs. 

The third reason that many people a.re more complacent 
than they should be is that the climate implications of 
future growth in population and future gro~ in energy 
consumption are a lot bigger than most people think. 
We're going to have in the year 2050, barring near disaster, 
something like 9 billion people compared co less than ? 
billion today. We're going to have energy use under "busi­
ness as usual" that will be three times higher than today's 
and CO2 emissions that are 2 to 2½ times today's wor!d­
wide. 

The fourth point is that scientific uncertainties are not 

grounds for complacency, in spite of what many people 
may think. There a.re uncertainties about many of the 
details of timing and magnitude and regional variation in 
ch:: .:or.seqGcnces o~ climate ci-.mge, buc tht::re :s r -.0 ur:c<:.r­
t::i.i r.ty ::l ;;J! J1a~ hurr,ans have signJi.::..r,dy altc,d :he 
global atmospheric concentrations of gases we know co be 
critical in controlling climate. And there's a solid 
consensus among the scientists who have studied these 

matters seriously chat the chances of significant impacts on 
human well being from climate change over the next few 
decades are substantial. 
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The fifth reason that people underrate the problem is that 

the time lags between cause and effect and between effect 

and remedy are longer than most people chink. Those 

time lags and above all the several decades tliac it will cake 

co substantially successfully transform thP. world's fossil 

fud--<lependenc energy supply system mean chat doing 

nothing is a very dangerous course of action. The world's 

energy-economic system is a lot like a supertanker, very 

hard to steer and with very bad brakes, and we know from 

the science chat h2s been reviewed here today chat chat 

supertanker is heading for a reef. Even chough we can't say 

exactly when we're going co get co che point where chat 

reef rips che bottom out of the supertanker, it's a bad idea 

in these circumstances co keep on a course of full speed 

ahead . 

The lase reason chat people tend co underrate chis problem 
is because che face of industrialized and less developed 

countries is a lot more interconnected than most people 

think. We all live on chis planet under one atmosphere. 
We all live en the shores of one global ocean. Our coun­

tries are' linked by flows of people, money, goods, ideas, 

images, drugs, and weapons. If we in the industrialized 

countries are co enjoy a stable and sustainable prosperity, 

we are only going to be able to manage chat if we ca.'1 

achieve for che rest of the world now less fortunate a stabl~ 

and sustainable prosperity as well. And the only way to do 
chat is goi 11g .:0 i11ducie ad<lress,r.g d,e Jange1 of global 
c!imate di~ruptivn in a coopera,;v.; w1y. 
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THE VICE PRESIDENT: Thank you. 

THE PR~SIDENT: I wish every American could hear 

what we've heard today. This is che beginning of a consis­

tent, long-term effort chat we all have co make co involve 

che people of chis country in chis decision. And I thank 

you all for the points you've made because in different 

ways each of chem will resonate with citizens of chis 

country in a way chat I believe will give us che support we 

need co take the action chat has co be taken. In the weeks 
and months ahead, che Vice President, the Cabinet, ocher 

members of the Administration, and I will be out in the 

country discussing chis. We will be working wich the 

American people. We will be talking about solutions a.s 

well as problems. 
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!vb J·.nhur Feilcv:~h i::, for hi ~ al>iliry ~0 i1J ,egr:.1e :;mi i!1tt-r:-i• t'l 

1h~ rrs '.1lts af i;'0ba! ("li;,1:ite research r!-ir0ugh p11hli ,: lecr:; reE. 
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Thoughts on Climate: 

We need to look at this issue with a long-term as well as short-term perspective, 
with a focus on where we have been, an assessment of where we are going, and a decision 
on the course we need to chart to arrive at an environmentally desirable destination. 

Keep in mind through the following that many emissions scenarios only consider 
carbon dioxide. Non-CO2 greenhouse gases such as methane (CH4) and nitrous oxide 
(N2O) make the "effective" atmospheric concentrations about 20% higher than they 
would be with CO2 alone. 

1. Where have we been: 

•pre-industrial levels and current levels of greenhouse gas concentrations in the 
atmosphere: 

CO2 CH4 N2O 
Pre-industrial 280 ppm 700 ppb 275 ppb 
Current 360 ppm 1720 ppb 312 ppb 

• who has been responsible for what is now in the atmosphere? 
- Developed world: 80% of CO2 = 25% from FSU & EE + 55% from OECD 
- Developing world: 20% of CO2 

• current list of top 10 countries in terms of total emissions: 

Country emissions (in thousands 
of metric tonnes C) 

1 United States 1387256 
2 China (Mainland) 828436 
3 Russian Federation 440979 
4 Japan (73-) 303267 
5 India 236448 
6 Germany 219612 
7 United Kingdom 149741 
8 Canada 121712 
9 Ukraine 111 644 
10 Italy (including San Marino) 106947 

2. Where are we going: 

• all the impacts work we have relates to a doubling of concentrations: 
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- There will be significant changes in water availability nationwide. Additionally, 
the frequency and intensity of floods and droughts will change. In the United 
States, the Great Basin, California, Missouri, Arkansas, Texas Gulf, Rio 
Grande, and Lower Colorado River Basins are likely to be most vulnerable. 

- One-third of the Earth' s forests could undergo a major change in vegetation: the 
Northeast United States will likely lose beech trees and sugar maples. Western 
conifer forests will decrease in area. 

- A sea level rise of 20 inches is expected over the next century. This could 
inundate more than 5000 square miles of dry land and an additional 4000 
square miles of wetlands. The Atlantic and Gulf Coasts are particularly 
vulnerable. 

- There will be significant shifts in the ideal range for many agricultural crops. 
Food scarcity may increase, especially in the tropics and sub-tropics. 

- Heat-related mortality and illness will increase. Reduced air quality will 
exacerbate respiratory disease, asthma, and allergic disorders. 

- Geographic ranges for disease will expand, leading to an increase in diseases 
such as malaria, dengue and yellow fever. 50-80 million additional cases of 
malaria per year are projected worldwide. 

• If we choose an objective that is greater than a doubling of CO2 concentrations, we are 
essentially in uncharted waters; we know the impacts will be greater, but we do not know 
how much greater. (At about 4XCO2, photosynthesis appears to cease in plants.) 

• So let' s look at some scenarios to achieve 450 ppm, 550 ppm, 650 ppm, keeping in 
mind the need for the developed countries to take the lead, but the obvious fact that the 
developing countries need to participate. 

To reach a world emissions must 
concentration goal of deflect off BAU by and peak in at 

450 ppm 2007 2011 8.0 PgC/yr 
550 ppm 2013 2033 9.7 PgC/yr 
650 ppm 2018 2049 11.4 PgC/yr 

- If Annex I countries freeze emissions in 2010 at 1990 levels and then steadily decline 
( at 2.5%/decade-7 .5%/decade ), then 

To reach a developing country emissions and must 
concentration goal of can exceed BAU until peak in 

450 ppm 2015 2012 
550 ppm 2030 2040-2050 
650 ppm 2060 2058-2068 
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• Per capita reality check: 

- If Annex I countries freeze emissions in 2010 at 1990 levels and then steadily decline 
(at 2.5%/decade-7.5%/decade): 

Developed country per A scenario with shows per capita 
capita annual emissions concentration emissions changing 

are currently goals of by 2100 to 

~3.5 Tonnes C/person 450, 550, & 650 ppm 1.5-2.5 Tonnes C/Person 

Developing country per A scenario with shows per capita 
capita annual emissions concentration emissions changing 

are currently goals of by 2100 to 

~.4 Tonnes C/person 450 ppm less than .2 Tonnes C/Person 
~.4 Tonnes C/person 550 ppm ~.4 Tonnes C/Person 
~.4 Tonnes C/person 650 ppm .7 Tonnes C/Person 
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Opening ("Abstract") 

The Intergovernmental Panel on Climate Change stated that the balance of the scientific 
evidence now suggests that there is "a discernible human influence on global climate." 
The Earth's climate system is already experiencing rates of change faster than any during the last 
I 0,000 years, the period in which modern civilization developed. The Panel estimated that an 
increase in global surface air temperature of about 3 ½ ° F is likely by the year 2100, 
although the change could be as low as 2 and as high as 6½° F, depending on what the 
countries of the world do to control their emission of carbon dioxide (CO2) and other 
greenhouse gases in the intervening years. 

The ultimate aim of the Fran1ework Convention on Climate Change is to stabilize 
greenhouse gas concentrations "at a level that would prevent dangerous anthropogenic 
interference with the climate system." This level should be achieved within a time frame 
that (1) allows ecosystems to adapt naturally to climate change, (2) ensures that food 
production is not threatened, and (3) enables sustainable economic development to 
proceed. While much work remains to be done to improve the precision of impact 
assessments, the risks of climate change are becoming increasingly apparent, and lend 
support for the idea that measures for mitigation and adaptation are warranted. 



The Greenhouse Effect and Historical Emissions 

Life as we know it is possible on Earth because of a natural greenhouse effect that keeps 
our planet about 60 °F warmer than it otherwise would be. (Figure 1) Water vapor, 
carbon dioxide (CO2), and other trace gases, such as methane and nitrous oxide, trap heat 
and keep it from being lost by re-radiation back to space. With industrialization, the 
amounts of greenhouse gases added to the atmosphere by human activities have begun to 
exert significant influence. Although these amounts are small relative to the total CO2 
content of the atmosphere, the steady additions are tipping a delicate balance. On a 
global scale, burning of coal, oil, and natural gas releases about 6 billion tons of carbon 
into the atmosphere each year. Land-use change, predominantly the clearing of forests for 
agriculture, contributes about 1-2 billion tons more per year globally. (Figures 2 and 3) 
Consequently, greenhouse gas concentrations in the atmosphere are steadily increasing. 

Since 1860, CO2, the most important human-derived greenhouse gas, has increased 30%, 
from 280 to 360 parts per million (ppm) (Figure 4). Methane concentration has also more 
than doubled , and nitrous oxide has risen by 15%. 

Over a much longer time scale, there is a clear relationship between CO2 levels and the 
global temperature record . Fluctuations of CO2 and temperature have closely mirrored 
each other over the last 160,000 years. (Figure 5) 

Whose emissions are in the atmosphere? In 1990, 74% of total CO2 emissions came 
from the developed countries, with the United States the largest single source (22% of 
total). (Figure 6). Over the next few decades, 90% of the world's population growth will 
take place in the developing countries. If current trends continue, the developing 
countries will account for half of total global emissions by 2035. By that time, China, 
which has already become the second largest source, will displace the U. S. as the largest 
emitter. Per capita energy use in the developing countries, which is currently only 1/10 to 
1 /20 of our level, will also increase. 



Climate Change Over the Last 100 years 

What has happened to date? The Intergovernmental Panel on Climate Change's 
Second Assessment Report in 1995 described a series of changes that have already been 
observed. Over the last century, the average surface temperature of the Earth has 
increased by about 0.5 - 1.0 °F to a level that is as high or higher than it has been in any 
century since at least 1400 AD. The eleven warmest years this century have all occurred 
since 1980, with 1995 the warmest on record. (Figure 7) The higher latitudes have 
already warmed even more. 

Critics have noted that the long term surface temperature and the short term satellite 
observations of the atmosphere do not match exactly. Global surface temperature has 
been measured since 1880 at a network of ground-based and ocean-based sites. 
Beginning in 1979, satellites have also been used to measure the temperature of the 
atmosphere up to a height of 30,000 feet. In fact, there is no inconsistency. The two 
techniques measure different aspects of global temperature, and both are influenced by a 
variety of factors, such as the presence of airbom materials from the eruption of the 
volcano, Mt. Pinatubo. When the satellite record is corrected for such factors, warming 
temperatures since the late 1970s are evident in both records, although rates are slightly 
different. 

What does warming do? A warmer earth essentially speeds up the global water cycle. 
Because there is more evaporation at higher temperatures, soils will tend to dry out. 
Because there is more water in the atmosphere, there will also be more rain or snow in 
some areas. We may be seeing the first signs of changes in the water cycle - since the 
beginning of the century, precipitation in the U. . has increased by about 6%, with about 
a 20% increase in the frequency of intense precipitation events, or heavy downpours. 
Such events have lead to flooding, soil erosion, and even loss of life. (Figure 8) But in 
some midcontincntal areas, increased evaporation has lead to drought as the heavy rains 
fell elsewhere. 

There is also evidence that regional ecosystems are responding to warming. Between 
1981 and 1991 , the length of the growing season in the northern high latitudes (between 
45° and 70° N) increased by a total ofup to 12 days, as documented by satellite imagery. 
"Greening" in spring and summer occurred up to eight days earlier, and vegetation 
continued to photosynthesize an estimated 4 days longer. 

Sea level is also rising, mainly due to thermal expansion of the oceans and the melting 
and retreating of ice caps and glaciers. Over the last century, global mean sea level has 
risen 4 to 10 inches (10 -25 cm). During this century, mountain glaciers have retreated 
world-wide. Formerly frozen lands (permafrost) in the Alaskan arctic have begun to 
melt, damaging both ecosystems and infrastructure. Permafrost melting has produced 
sinkholes that have damaged roads, buildings, and airport runways. Melting a11d tundra 
warming will also lead to the release of trapped carbon and methane, creating an 
additional source of greenhouse gases. (Figure 9) 



Climate Change Over the Next 100 years 

Where are we headed? Even if it were possible to stabilize the rate at which CO2 is 
added to the atmosphere, it would continue to accumulate and its concentration would 
continue to rise throughout the next century and beyond. If the world proceeds on a 
"business as usual" path, it is likely that we are headed for an atmospheric CO2 

concentration of more than 700 ppm by 2100, about double the current level. (Figure 10) 
State-of-the-art climate models suggest that this will result in a 2-6 °F increase in global 
temperatures over the next century. This is a rate of change not seen on the planet for at 
least the last 10,000 years. Furthermore, even if we stabilize atmospheric CO2 at 700 
ppm by the year 2100, it could take several more centuries before temperature also 
stabilized. 

What are the projected extent and pattern of warming over the globe? The higher latitude 
(polar) regions wili warm more than areas nearer to the equator. Some climate models 
project results for a "doubling" of CO2 from preindustrial levels, or about 560 ppm. In a 
world with a stabilized CO2 concentration of 560 ppm, the U. S. would eventually 
stabilize at a temperature 5 to 10 ° F warmer than at present. (Figure 11) These warmer 
temperatures would lead to soil drying in some regions, with moisture deficits estimated 
at 10 to 30% for the U.S. during the summer growing season. (Figure 12) 

If emissions continue to rise to 4 times the pre-industrial level, or more than 1100 ppm, 
the estimated temperature increase for the U. S. would be 15 to 20 ° F, and soil moisture 
deficits could approach 30-50% during the growing season. (Figures 13 and 14) 



Vulnerabilities and Potential Consequences 

There is scientific uncertainty about exactly how, when, and where the Earth's climate 
will respond to increased concentrations of greenhouse gases in the future. Observations 
clearly show, however, that detectable changes are underway. Ecological systems have 
begun to respond to these changes, which are adding important new stresses on top of the 
effects of pollution, resource extraction, and non-sustainable management practices. 
Climatic changes from rapidly rising CO2 concentrations would have widespread effects, 
some of them irreversible, on e~ological systems, human health, and socioeconomic 
sectors. If we continue on our "business-as-usual" path for greenhouse gas emissions, 
CO2 concentrations are likely to exceed 560 ppm and even 700 ppm, so that these effects 
could be much worse. There may also be surprises hidden in Earth ' s complex systems 
that may only surface as the future makeup of the atmosphere and the exact nature of 
climate responses unfold . 

Worsening Health Effects - In general , developing countries are more vulnerable to 
climate change because of limited infrastructure and capital and greater dependence on 
natural resources. Children and the elderly are the most vulnerable population groups. 
Climate change will increase the risk of mortality from heat stress and from diseases that 
thrive in warmer climates, such as malaria, dengue and yellow fevers , encephalitis, and 
cholera. 

• Mosquitos and other disease-carrying organisms are likely to expand their ranges 
northward, increasing the number of people exposed. The result could be, for 
example, 50-80 million additional malaria cases per year worldwide. 

• Climate change can exacerbate air quality problems, such as smog, and increase 
levels of airborne pollen and spores that aggravate respiratory disease, asthma, 
and allergic disorders. (Figure 15) On the othe~ hand, measures that reduce 
greenhouse gas emissions will have the added benefit of also reducing air 
pollution. 

Rising Sea Level - Rising sea level erodes beaches and coastal wetlands, inundates low 
lying areas, and increases the vulnerability of coastal areas to flooding from storm surges 
and intense rainfall. Over the next century, sea level is expected to rise by estimates 
ranging from 6-37 inches (15-95 cm), with a "best guess" of20 inches (50 cm). 
A 20 inch sea level rise will result in substantial loss of coastal land in the l.J.S ., 
particularly along the southern Atlantic and Gulf coasts, which are currently subsiding 
and are particularly vulnerable. Sea level rise may eventually exceed 80 inches (2 m), 
and could be substantially more, depending on the extent to which the Greenland and 
Antarctic ice sheets melt. 

• A 20 inch sea level rise would double the population at risk from storm surges, 
from roughly 45 million at present to over 90 million world-wide. A 40 inch (I 



m) rise would triple the number. 

• In Florida, one-third of the Everglades would be lost with only a 12 inch rise, and 
salt water intrusion would adver~ely affect delicate ecological communities and 
degrade the habitat for many species. (Figure 16) 

Disruption of the Water Cycle - Among the most fundamental effects of climate 
change are intensification and disruption of the water cycle. 

Droughts andjl.oods - Intensification of the water cycle will produce more severe 
droughts in some places and floods in others. Such events are costly. Damages from the 
southern plains drought of 1996 were estimated at $4 billion, the 1993 Mississippi River 
flood ranged from $10 - $20 billion, and the 1997 Red River flood in the northern plains 
cost an estimated $ 2 billion. 

Water quality and quantity - Areas of greatest vulnerability are those where quality and 
quantity of water are already problems, such as the arid and semi-arid regions of the U.S. 
and the world. (Figure 17) 

• Climate change would likely increase stress in several US river basins, such as the 
Missouri, Arkansas. Texas Gulf, Rio Grande and Lower Colorado. 

• Water scarcity in the Middle East and Africa is likely to be aggravated by climate 
change, increasing the risk of international conflict among countries such as Syria, 
Sudan, Egypt and Iraq, which depend on water supplies originating outside their 
borders 

Shifting Forests - Climate change can dramatically alter the geographic distributions of 
vegetatio11 types. The composition of one-third of the Earth's forests would undergo 
major changes as a result of climate changes associated with a CO2 level of 700 ppm. 
Over the next 100 years, the ideal range for some North American forest species will shift 
by as much as 300 miles to the north, far faster than the forests can migrate naturally. 
Economically important species, such as sugar maple, may be lost from New England. 
(Figure 18). 

Changing Natural Areas - Natural ecosystems, including those that make up our system 
of national parks and refuges - a$ 3 billion annual investment• are highly vulnerable to 
degradation from climate change. The composition, geographic distribution, and 
productivity of many ecosystems will shift, leading to reductions in biological diversity 
and in the benefits they provide, such as clean water and recreation. Wetlands are 
particularly at risk. The wetlands of the prairie pothole region, which support half the 
waterfowl population of North America, could diminish in area and change dramatically 
in character in response to climate change. Mountain glaciers, which fluctuate rapidly in 
response to climatic change, will shrink. The glaciers of Glacier National Park have 
receded steadily for decades. By 1993, there had been a 73% reduction in the area of 



eight prominent glaciers in the Park. (Figure 19) 

Challenges to Agriculture and the Food Supply - Climate strongly affects crop yields. 
A CO2 concentration of 700 ppm is likely to increase crop yields in some areas by as 
much as 30-40%, but decrease yields in other places by similar amounts, even for the 
same crop. A warmer, drier climate would reduce flexibility in crop distribution and 
increase irrigation demands. Expansions of the ranges of pests could also increase 
vulnerability and result in greater demand for, and use of, pesticides. Despite potentially 
large changes in yields, overall global food production is not expected to be altered 
substantially. Agricultural systems in the developed countries are highly adaptable and 
can probably cope with the expected range of climate changes without dramatic 
reductions in yields. It is the poorest countries, already subject to hunger, that are the 
most likely to suffer significant decreases in agricultural productivity. (Figure 20) 
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Opening (" Abstract") 

The Intergovernmental Panel on Climate Chang tece y stated that the balance of the 
scientific evidence now suggests that there is "a discernible human influence on global 
climate." The Earth 's climate system is already experiencing rates of change faster than any 
during the last I 0,000 years, the period in which modern civilization developed. The Panel 
estimated that an increase in global surface air temperature of about 3 ½ ° F is likely by the 
year 2100, although the change could be as low as 2 and as high as 6½ ° F, depending on 
what the countries of the world do to control their emissions of carbon dioxide (CO2) and 
other greenhouse gases in the intervening years. 

The ultimate aim of the Framework Convention on Climate Change is to stabilize 
greenhouse gas concentrations "at a level that would prevent dangerous anthropogenic 
interference with the climate system." This level should be achieved soon enough to (1) 
allow ecosystems to adapt naturally to climate change, (2) ensure that food production is 
not threatened, and (3) enable sustainable economic development to proceed. While 
much work remains to be done to improve the precision of impact assessments, the risks 
of climate change are becoming increasingly apparent and lend support for the id~ that 
measures for mitigation and adaptation are warranted. ) 



The Greenhouse Effect and Historical Emissions 

Life as we know it is possible on Earth because of a natural greenhouse effect that keeps 
our planet about 60 °F warmer than it otherwise would be. (Figure 1: Greenhouse effect) 
Water vapor, carbon dioxide (CO2), and other trace gases, such as methane and nitrous 
oxide, trap heat and keep it from being lost by re-radiation back to space. With 
industrialization, the amounts of greenhouse gases added to the atmosphere by human 
activities have become significant. On a global scale, burning of coal , oil , and natural gas 
releases about 6 billion tons of carbon into the atmosphere each year. Land-use change, 
predomianantly the clearing of forests for agriculture, contributes about 1-2 billion tons 
more per year globally. (Figures 2 and 3: Smokestacks; deforestation photos) The 
consequence is that there has been a steady increase in greenhouse gas concentrations in 
the atmosphere. 

Since 1860, CO2, the most important human-derived greenhouse gas, has increased 30%, 
from 280 to 360 parts per million (Figure4: CO2 record, 1860 to present). Methane 
concentration has also more than doubled, and nitrous oxide has risen by 15%. Over a 
much longer time scale, there is a clear relationship between CO2 levels and the global 
temperature record. Fluctuations of CO2 and temperature have closely mirrored each 
other over the last 160,000 years . (Figure 5: CO2 and temperature record over last 
160,000 years as measured in ice cores) 

Whose emissions are in the atmosphere? From 1950 to 1990, 80% of total CO2 

emissions came from the developed countries, with the United States the largest single 
source. (Figure 6: 1950-1990 vs 2035 pie charts). More recently, the developing 
countries ' share of emissions from the burning of fossil fuels has grown from .a-.i:ner-e 20% 
to about 35%. Over the next few decades, 90% of the world ' s population growth will 
take place in the developing countries, which will account for 50% of total global 
emissions by 2035 if current trends continue. China, which has already become the 
second largest source, will displace the U. S. as the largest emitter.; Per capita energy use 
in the developing countries, which is currently only 1/10 to 1/20 of our level , will also 
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Climate Change Over the Last I 00 year 

What has happened to date? The Intergovernmental Panel on Climate Change's 
Second Assessment Report in 1~ 95 described a series of changes that have already been 
observed. Over the last century the average surface temperature of the Earth has 
increased by about 0.5 - 1.0 °F, which is as high or higher than it has been in any century 
since at least 1400 AD. The eleven warmest years this century have all occurred since 
1980, with 1995 the warmest on record. (Figure 7: Global average temperature) Critics 
have pointed to an apparent discrepancy between the long term surface temperature J -f 
measurements and the short term satellite observations of the atmosphere, maintaini~ ~ ~Lf 
that the satellite observations actually show that the Earth is cooling.( The two techniques +iv...-v_ ( s 
measure different aspects of global temperature, and both are influenced by a variety of ~ 

factors , such as the presence of local pollution. When the satellite record is corrected for 1 ),_~ J-f 
an unusual warming at its start (due to an El Nifi.o) and an unusual cooling at its end (due 

1 ~ 
to the eruption of the volcano, Mt. Pinatubo), waiming temperatures since the late 1970s {' ,,, 
are evident in both, although rates are slightly different. 

What does warming do? A warmer earth essentially speeds up the global water cycle. 
Because there is more evaporation at higher temperatures, there is more water in the 
atmosphere that will come down as rain or snow. We may be seeing the first signs of a 
change in the water cycle - since the beginning of the century, precipitation in the U. S. 
has increased by about 6%, with about a 20% increase in the frequency of intense 
precipitation events, or heavy downpours . Such events lead to flooding, soil erosion, and 
even loss of life. (Figure 8: Flood picture) But in some midcontinental areas, warming 
increases evaporation and leads to drought. 

There is also evidence that regional ecosystems are responding to warming. Between 
1981 and 1991 , the length of the growing season in the northern high latitudes (between 
45° and 70° N) increased by a total of up to 12 days. "Greening" in spring and summer 
occurred up to eight days earlier, and vegetation continued to photosynthesize an 
estimated 4 days longer. There also appeared to have been approximately a 10% increase 
in carbon uptake by plants, possibly due to the longer growing season and a CO2 
fertilization effect. 

Sea level is also rising, due primarily to thermal expansion of the oceans and the melting 
and retreating of ice in glaciers and ice caps. Over the last century, global mean sea level 

✓has risen 4 to 10 inches (10 -25 cm). [Add text on permafrost.) (Figure 9: Permafrost 
melting photo) During this century, mountain glaciers have~ etreated world-wide. 
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Climate Change Over the Next 100 years 

Where are we headed? Even if it were possible to stabilize the rate at which CO2 is 
flowing into the atmosphere, it would continue to accumulate and its concentration 
continue to rise throughout the next century and beyond. If the world proceeds on a 
"business as usual" path, it is likely that we are headed for an atmospheric CO2 

concentration of more than 700 ppm by 2100, about double the current level. (Figure 
10: VP chart with future added O~) Predictions from General Circulation Models 
(GCMs) are for an ensu(ng 2-6° F. ris in global temperature over the next century - a rate 
of change not seen on the plane at • ast the last 10,000 years. 

What are the projected extent a d pattem]warming over the globe? In a world with a 
COiSQ.llcentration of-560 ppm a to 10° F hange for the U. S. will not be evenly 
distributed, but will be amplifie th h' er latitudes. (Figure 11: 2xCO2 surface air 
warming) These warmer temperatures would lead to soil drying in some regions, with 
moisture deficits estimated at 10 to 30% for the U. S. (Figure 12: 2xCO2 reduction in soil 
moisture) 

But~· s no indication that rising CO levels will stop at 700 ppm. Rather, • • s ciuit~ ~ 
ossib tha th -will continue to rise to 4 times the re-indu 'a.Lle..vel,Gr~more t~ 

1 1 · , given current emission rates. For a quadrupling of CO2, t' e estimated 

approach 30-50%. (Figures 13 and 14: 4xCO2 surface air warming and soi l moisture 

\ 

temperature increase for the U. S. would be 15 to 20 ° F, and soil moisture deficits could 

\ 7 



1s --+ 1,f\"' v' ~ I~ ~ vh \tL~i 
'b.L ~ ~ ~\, \ I~ _, r f 
➔ J k v ') > lu. ~W 1) ~--\ ~.,\.. 

41~0L--J U-N-~~\ ( ~~r<l ~ ¥.ulnerabilities and Potential Consequences 

\ o'1 ~-u.L ~\ r ¼ 
) .j...0-fl ,.,,.__,. \ • y-r ) \, ~ 

Although there is scientific uncertainty about exactly how, when, and where t e Earth ' s i:,f<I~ ~ l 
climate will respond to increased concentrations of greenhouse gases in the fut re, v,t-( >..J....-
observations clearly show that detectable changes are underway and that ecolo ·cal 
systems are responding to these changes. These changes are adding important n w 
stresses on ecological and socioeconomic system that are already affected by po lution, 
increasing resource extraction, and non-sustainable management practices. Cli atic 
changes that would result from a doubling of CO2 would have pervasive effects, me of 
them irreversible, on ecological systems, human health, and socioeconomic sector . : 

Health Effects - In general, developing countries are more vulnerable to climate change 
because of limited infrastructure and capital and greater dependence on natural resources. 
Children and the elderly are the most vulnerable population groups. Climate change will 
increase the risk of mortality from heat stress and from diseases that thrive in warmer 
climates, such as malaria, dengue and yellow fevers , encephalitis, and cholera. 

• Mosquitos and other disease-carrying organisms are likely to expand their ranges 
northward, increasing the number of people exposed. The result could be, for 
example, 50-80 million additional malaria cases per year worldwide. 

• Climate change can exacerbate air quality problems, such as smog, and increase (:tr Ji..---.._,_. 

levels of airborne pollen and spores that aggravate respiratory di sease, asthma~ -t > ~ 
and allergic disorders . (Figure 15: Smog photo) ~l\..,._v') 

Sea Level Rise - Sea level is expected to rise by 20 inches (50 cm) over the next century 
and by at least 80 inches (2 m) before equilibrium is reached several centuries in the 
future. Rising sea level erodes beaches and coastal wetlands, inundates low lying areas, 
and increases the vulnerability of coastal areas to flooding from storm surges and intense 
rainfall. A 20 inch sea level rise would double the population at risk from storm surges, 
from roughly 45 million at present to over 90 million world-wide. A 40 i.Q_ch (1 m) rise 
would triple the number. fn Florida one-third of the Everglades would be lost with a 40 
inch rise, and salt water intrusion adversely affect delicate ecological communities 
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and de rade the habitat for man s ecies. (Figure 16: Florida shoreline with sea lev l 
rise ~ the 20 inch rise projected for the next century wrll result in substantial loss of 
coastal land in the U.S.1 _where the Atlantic and Gul£Coasts are_Q_articularly vulnerable. 

----'<-~ 
Sea level rise in a "4 times" CO2 world would be likely to exceed 80 inches (2 m), and 
could be substantially more depending on the extent to which the Greenland and 
Antarctic ice sheets melt. 

Water Resources - Among the most fundamental ffects of climate change is an 
intensification of the water cycle. This intensification will produce more severe droughts 
in some places and floods in others. Such events are costly. Damages from the southern 
plains drought of 1996 were estimated at $4 billion and ranged from $ l O - $20 billion for the 
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1993 Mississippi River flood . Areas of greatest vulnerability are those where quality and 
quantity of water are already problems, such as the arid and semi-arid regions of the U. S. 
and the world . (Figures 17: dry river bed picture) 

• Climate change would likely increase stress in several US river basins, such as the 
Missouri , Arkansas Texas Gulf, Rio Grande and Lower Colorado. 

• Water scarcity in the Middle East and Africa is likely to be aggravated by climate 
change, increasing the risk of international conflict among countries such as Syria, 
Sudan, Egypt and Iraq, which depend on water supplies originating outside their 
borders 

Forests - Climate change can dramatically alter the geographic distributions of 
vegetation types. The composition e~e-third of the Earth's forests would undergo 
major changes as a result of a doub_!in.J!.:f CO2. Over the next century, the ideal range for 
some North American forest species will shift by as much as 300 miles to the north, far 
faster than the forests can migrate naturally. Economically important species, such as 
sugar maple, may be lost from New England. (Figure 18: sugar maple). 

Other Natural Areas - Natural ecosystems, including those that make up our system of 
national parks and refuges - a$ 3 billion annual investment - are highly vulnerable to 
degradation from climate change. The composition, geographic distribution, and 
productivity of many ecosystems will shift, leading to reductions in biological diversity 
and in the benefits they provide, such as clean water and recreation. Wetlands are 
particularly at risk. The wetlands of the prairie pothole region of North America, which 
support half the waterfowl population of thi s conti ent, could diminish in area and change 
dramatically in character in response to climate change. Mountain glaciers, which 
fluctuate rapidly in response to climatic change, will shrink. The glaciers of Glacier 
National Park have,J, teadily for decades. By 1993, there had been a 73% reduction in the 
area of the Park cov red by glaciers. (Figure 19: Glacier shrinkage in GNP) 

Agriculture and Fo d Supply - Climate strongly affects crop yields. Doubling of CO2 

is likely to increase c op yields in some areas by as much as 30-40%, but decrease yields 
in other places by si ilar amounts, even for the same crop. A warmer, drier climate 
would reduce flexibil ty in crop distribution and increase irrigation demands. Expansions 
of the ranges of pests could also increase vulnerability and result in greater demand for, 
and use of, pesticides Despite potentially large changes in yields, overall global food 
production is not exp cted to be altered substantially. Agricultural systems in the 
developed countires a e highly adaptable and can probably cope with the expected range 
of climate changes wit out dramatic reductions in yields. It is the poorest countries, 
already subject to hung r, that are the most likely t suffer significant decreases in 
agricultural productivity. (Figure 20: Change in Grain Yield) 
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GREENHOUSE GASES AND CLOUDS KEEP 
~0°F 

. THE EARTH'S SURFACE a::2°C WARMER 

IT WOULD OTHERWlSE BE. 
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.The Earth~s climate is predicted to change because 
human activities are altering the chemical 
composition of the atmosphere. The buildup of 
greenhouse gase9-:-prlmarily carbon dioxide, 
·methane, nitrous oxide and chlorofluoro­
carbons-- is changing the radiation balance of the 
planet. The basic heat-trapping property of these 
greenhouse gases is essentially undisputed. 
Although there is considerable scientific 

' um:ertainty about~ how and when the 
&rth's climate will respond to enhanced 
gttenhouse gases In the future, observations 
indicate that detectable changes are underway. 
The direct effects of climate change will include 
c~ in tem~ precipitation, soil 
moisture and sea level. Such changes could have 
adverse effects on ecological systems, human 
health and socio-economic sectors . . 
Human-induced climate change is a complex 
problem, which can impact the economy and the 
quality of life for this and future generations. The 
lag time between emission of the gases and their 
impact is on the order of decades to centuries; so 
too is the time needed to reverse any effects. Thus, 
policy decisions in the near term will have long­
term consequences. 

The Climate System 
A natural greenhouse effect keeps the Earth about 33•c (60°F) 
warmer than it otherwise would be. Without this greenhouse 
effect, life as we know it would not be possible.Water vapor, 
carbon dioxide and other trace gases trap heat as it is re­
radiated from the Earth back to space. However, since pre­
industrial times, human activities have added to the natural 
greenhouse effect by releasing additional greenhouse gases to 
the atmosphere. The burning of fossil fuels (coal, oil and gas) 

for energy is the primary source of emissions; changing land-
use patterns through agriculture and deforestation also 
contribute a significant share. Current global emissions of 
carbon dioxide from energy use arc approximately 6 gigatons 
of carbon (GtC) per year. • 

Future greenhouse gas emissions arc sensitive to changes in 
demographic, economic, technological, policy and institutional 
developments. By the year 2025, world emissions could range 
from 8 to 15 GtC per year. In the year 2100, world emissions 
arc projected to range from 5 to 36 GtC per_ year, depending 
on energy use, populations, technologies and other factors .The 
United States and the rest of the OECD countries currently 

Solar 
radiation 
passes 
through 
the clear 
atmosphere 

Some ol the infrared 
radiation passes through 
the almosphere, and 
some fs absomed and 
re-enined in all directk>ns 
by greenhouse gas moleaJles. 
The effect oi this is 10 
warm the Earth's surface and 
the lower atmosphere. 

contribute about 40 percent of global carbon dioxide 
emissions. Future growth in emissions from OECD countries is 
predicted to be significantly smaller than growth in developing 
countries and countries with economies in transition. 

Since the pre-industrial era, atmospheric concentrations of 
carbon dioxide have increased by nearly 30 percent, methane 
concentrations have doubled and nitrous oxide concentrations 
have risen by 15 percent. These increases result in a radiative 
forcing or heat-trapping of energy equivalent to about 2.8 
watts per square meter (Wm2).About half of the radiative 
forcing may have been masked by increased levels of 
traditional air pollutants-sulfates and carbonaceous aerosols, 
particularly in the northern hemisphere-which cool the 
atmosphere by reflecting incoming solar radiation and altering 
the reflective properties of douds.Aerosols are short-lived and 
vary regionally, hence they should not be regarded as a simple 
offset to greenhouse gas forcing. In addition, due to their 
health effects, buildup will likely be limited. Calculations 
suggest that the projected increases in atmospheric 
concentrations of greenhouse gases alone will result in an 
additional radiative forcing of about 3-8 Wm·2 by 2100. For a 
given concentration of greenhouse gases, the resulting 
increase in radiation can be predicted with precision; but the 
resulting impact on climate ls more uncertain. 

Model calculations, based on plausible ranges of future 
emissions and climate sensitivities, suggest that the global 
surface temperature could increase an average of 1.0- 3.5°C 
( l.8-6.3°F) by 2100, with significant variation by region.This 
estimate accounts for the offset from aerosols, which has 
lowered earlier estimates somewhat. Global-average 
temperature changes of this magnitude would be greater than 
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Sea level is projected to increase by I 5 to 95 centimeters (6 to 
38 inches) by the end of the next century, due primarily to the 
thermal expansion of the oceans and the melting of glaciers. 

Calculations of climate change at the regional scale are 
significantly less reliable than average global values. and it is 
unclear whether climate will become more variable.The 
frequency and intensity of some extreme weather events of 
critical importance to ecological systems (droughts, floods , 
frosts, cloudiness, the frequency of hot or cold spells, and the 
intensity of associated fire and pest outbreaks) could increase. 

Global mean surface temperatures have increased between 0.3 
and 0.6°C (0.54 and l.08°F) since the late 19th century, 
despite marked regional, seasonal and diurnal differences, 
raising the decade global tempemtures to the highest level in 
this century. 

The ten warmest years this century have all occurred since 
1980. 1995 was the warmest year on record, suggesting the 
atmosphere has rebounded from the transient cooling of 0.5°C 
(0.9°F) caused by the eruption of Mt. Pinatubo and simulated 
by the models. 

.. 

Severa.I ancillary pieces of evidence consistent with warming, 
such as a decrease in Northern Hemisphere snow cover, a 
simultaneous decrease in Arctic sea ice, continued melting of 
alpine glaciers and a rise of sea level have been corroborated. 
The frequency of extreme minfall events also has increased 
throughout much of the country, suggestive of an 
intensification of the hydrologic cycle. 

There is consistency between the observed global average 
temperature trend over this period and model simulations of 
the warming due to greenhouse gases if allowance is made for 
the increasing evidence of a cooling effect due to 
anthropogenic aerosols and stratospheric ozone depletion. 
Analyses of the geographical and vertical patterns of change 
give us more confidence that we are beginning to detect a 
human-induced signal despite natural climate variability.The 
IPCC concludes "the balance of evidence suggests a 
discernible human influence on global climate." 

Carbon cycle models imply that limiting atmospheric 
concentrations of carbon dioxide to any level below 750 parts 
per million by volume (ppmv), about three times the pre­
industrial level, would require emissions worldwide to 
eventually drop below 1990 levels. The longer emissions 
continue to increase, the greater the eventual reductions 
would have to be in order to stabilize concentrations at a given 
level. 

Although much is already known about the greenhouse effect, 
substantial reduction of key uncertainties (detailed 
quantification of the tinting, magnitude and regional patterns 
of climate change) may require a decade or more.Accurate 
predictions are limited by our knowledge of the future 
emissions and atmospheric concentrations of carbon dioxide, 
aerosols and other greenhouse gases, the role of clouds and 
water vapor, and the role of the oceans and land ecosystems. 
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Projected Impacts of Climate Change 
Climate change poses threats to resources both domestically 
and internationally.These threats could have significant, but 
uncertain, socioeconomic con equences. Changes in 
temperature, precipitation and sea level driven by climate 
change can add to existing stresses on resources caused by 
other influences such as population growth. land-use changes 
and pollution. Developing countries are more vulnerable than 
developed countries to climate change because of their socio­
economic conditions. 

Overall, various strategies for coping with climate change can 
be identified for "intensively managed" systems (such as 
agriculture, water resources and developed coastlines). For 
these systems, technological and management options exist to 
some extent today, although they may be costly to implement. 
With time, more efficient responses can be developed for 
these sectors. By comparison, fewer options can be identified 
for natural systems (such as wetlands and wilderness areas). 

Natural ecosystems will be degraded because the 
composition, geographic distribution and productivity of 
many ecosystems will change as individual species respond to 
changing climate.This will likely lead to reductions in 
biological diversity and in the goods and services ecosystems 
can provide for society. 

Temperature changes of the magnitude expected from the 
enhanced greenhouse effect have occurred in the past, but 
the previous changes took place over centuries or millennia 
instead of decades. Rates of natural migration and adaptation 
of species and communities appear to be much slower than 
the predicted rate of climate change. 

One of the consequences of global climate change may be 
increases in the frequency of some extreme weather events, 
particularly droughts and floods. Of course, we cannot 
unambiguously relate climate change to specific events. 
However, these events, when they do occur, can be costly. For 
example: 

Since 1992, 15 weather-related disasters in the United 
States have cost $70 billion in damages and several 
hundred deaths from floods , heat waves, hurricanes, 
blizzards and hail storms. 

Damages from the Mississippi River flooding in 1993 
are estimated to r-,mge from $10 billion to $20 billion. 

Almost $4 billion in federal payments went to farmers 
suffering crop losses during the 1988 drought. 

Examples of the kinds of effects that may result from climate 
change include: 

Health 
Human health will be adversely affected through an increase 
in the rate of heat-related mortality and in the potential for the 
spread of vector-borne diseases such as malaria, dengue fever, 
yellow fever and encephalitis and non-vector borne-Oiseases 
such as cholera and salmonellosis. 

There will likely be increased risk of malaria and dengue fever 
in the United States. Changing temperarures and precipitation 
patterns may produce new breeding sites for pests and 
pathogens. 

Climate change may increase heat-stress mortality, particularly 
in the very young and very old. 

Water Resources 
Changes in precipitation and increased evaporation from 
higher temperatures can affect water supplies and water 
quality, posing threats to hydro power, irrigation, fisheries and 
drinking water. 

Floods are more likely because the frequency of intense 
rainfall is predicted to increase. 

Droughts are likely to be more severe because warmer 
temperatures increase evaporation rates and thereby lead to 
drier soils during periods of little or no rain. 

Climate change would be likely to add to the stress in several 
United States river basins such as the Great Basin, California, 
Missouri,Arkansas,Texas Gulf, Rio Grande and Lower Colorado. 

Water scarcity in Middle Eastern and African countries also is 
likely to be exacerbated by climate change. 
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Coastal Resources 
A 50 centimeters (20 inches) rise in sea level by the year 2100. 
which is within the range projected by the IPCC. could 
inundate more than 5,000 square miles of dryland and an 
additional 4,000 square miles of wetlands in the United States 
if no protective actions are taken. 

Areas at highest risk from sea level rise are areas currently 
experiencing high erosion rates and those with very low 
elevations, such as parts of the United States Atlantic and Gulf 
coasts. 

Internationally, many low-lying areas such as parts of the 
Maldives, Egypt and Bangladesh would be completely 
inundated and uninhabitable by a similar sea level rise. This 
would create large numbers of environmental refuge.es which 
would put stress on governments and social structures. 

Agriculture 
Large areas of the eastern and central United States face 
moderate to severe drying. Drought could become more 
frequent, particularly in the Great Plains. 

Agriculture production in developing countries is likely to be 
more vulnerable to climate change, given that these countries 
have relatively fewer economic resources. 

Food scarcity is threatened in some regions of the world, 
especially in the tropics and subtropics, where many of the 
world 's poorest people live, even though the effects of climate 
change on total global food production may be small to 
moderate compared with the effects of population growth and 
increasing nutrition demands. 

Forests 
Climate change over the next several decades might shift the 
ideal range for some North American forest species by as much 
as 300 miles to the north, exceeding the ability of forests and 
other ecological communitie to migrate . 

Forest damage from fire and diebacks driven by drought, 
insects and disease could increase. 

The mo t vulnerable forest resources are tho e in regions 
subject to increased moisture stress, as in the dry continental 
interiors. 

Socio-Economic Analyses 
ocio-economic analyses of climate change also are making 

important contributions.A key insight is that a portfolio of 
actions aimed at mitigation. adaptation and improving our 
knowledge would be a prudent way to deal with climate 
change. It is important to allow activities to be adjusted 
periodically in light of new information.Another insight is that 
poUcy analysis and development must carefully consider both 
the potential co ts of inaction in terms of impacts. as 
described in the previous section. and the potential economic 
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costs associated with measures to reduce greenhouse gas 
emissions. 

From the practitioners' perspective, qualitative insights from 
mitigation cost modeling studies are more important than the 
absolute numerical results. For example, specific approaches, 
designs and strategies may emerge as superior w hen evaluated 
using a variety of modeling frameworks . Several distinct 
methodologies are among the tools available to assist policy­
makers in evaluating the potential co ts associated with 
reductions in greenhouse gas emissions.These include: 
technology costing studies, economy-wide macroeconomic 
models and computable general equilibrium models.The 
various models each have trengths and weaknesses, and none 
by themselves can adequately portray the potential economic 
impacts associated with reductions in greenhouse gas 
emissions. 

Analyses to date highUght the key role of technology 
innovation, capital stock turnover and capital productivity and 
their influence on mitigation costs . In addition, recent analyses 
also uggest that flexible approaches. including the possibility 
of optimizing reductions across countries and over time, have 
the potential to significantly reduce the co ts of achieving any 
given mitigation objective. 

Source: Office of Science and Technology Policy, J 996 
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Opening ("Abstract") 

The Intergovernmental Panel on Climate Change recently stated that the balance of the 
scientific evidence now suggests that there is "a discernible human influence on global 
climate." The Earth 's climate system is already experiencing rates of change faster than any 
during the last 10,000 years, the period in which modern civilization developed. The Panel 
estimated that an increase in global surface air temperature of about 3 ½ ° F is likely by the 
year 2100, although the change could be as low as 2 and as high as 6½° F, depending on 
what the countries of the world do to control their emissions of carbon dioxide (CO2) and 
other greenhouse gases in the intervening years . 

The ultimate aim of the Framework Convention on Climate Change is to stabilize 
greenhouse gas concentrations "at a level that would prevent dangerous anthropogenic 
interference with the climate system." This level should be achieved soon enough to (1) 
allow ecosystems to adapt naturally to climate change, (2) ensure that food production is 
not threatened, and (3) enable sustainable economic development to proceed. While 
much work remains to be done to improve the precision of impact assessments, the risks 
of climate change are becoming increasingly apparent, and lend support for the idea that 
measures for mitigation and adaptation are warranted. 



The Greenhouse Effect and Historical Emissions 

Life as we know it is possible on Earth because of a natural greenhouse effect that keeps 
our planet about 60°F warmer tha11 it otherwise would be. (Figure 1: Greenhouse effect) 
Water vapor, carbon dioxide (CO2), and other trace gases, such as methane and nitrous 
oxide, trap heat and keep it from being lost by re-radiation back to space. With 
industrialization, the amounts of greenhouse gases added to the atmosphere by human 
activities have become significant. On a global scale, burning of coal, oil, and natural gas 
releases about 6 billion tons of carbon into the atmosphere each year. Land-use change, 
predomianantly the clearing of forests for agriculture, contributes about 1-2 billion tons 
more per year globally. (Figures 2 and 3: Smokestacks; deforestation photos) The 
consequence is that there has been a steady increase in greenhouse gas concentrations in 
the atmosphere. 

Since 1860, CO2, the most important human-derived greenhouse gas, has increased 30%, 
from 280 to 360 parts per million (Figure4: CO2 record, 1860 to present). Methane 
concentration has also more than doubled, and nitrous oxide has risen by 15%. Over a 
much longer time scale, there is a clear relationship between CO2 levels and the global 
temperature record. Fluctuations of CO2 and temperature have closely mirrored each 
other over the last 160,000 years. (Figure 5: CO2 and temperature record over last 
160,000 years as measured in ice cores) 

Whose emissions are in the atmosphere? From 1950 to 1990, 80% of total CO2 

emissions came from the developed countries, with the United States the largest single 
source. (Figure 6: 1950-1990 vs 2035 pie charts). More recently, the developing 
countries' share of emissions from the burning of fossil fuels has grown from a mere 20% 
to about 35%. Over the next few decades, 90% of the world's population growth will 
take place in the developing countries, which will account for 50% of total global 
emissions by 2035 if current trends continue. China, which has already become the 
second largest source, will displace the U. S. as the largest emitter. Per capita energy use 
in the developing countries, which is currently only 1/10 to 1/20 of our level, will also 
mcrease. 



Climate Change Over the Last 100 years 

What has happened to date? The Intergovernmental Panel on Climate Change's 
Second Assessment Report in 1995 described a series of changes that have already been 
observed. Over the last century, the average surface temperature of the Earth has 
increased by about 0.5 - 1.0 °F, which is as high or higher than it has been in any century 
since at least 1400 AD. The eleven warmest years this century have all occurred since 
1980, with 1995 the warmest on record. (Figure 7: Global average temperature) Critics 
have pointed to an apparent discrepancy between the long term surface temperature 
measurements and the short term satellite observations of the atmosphere, maintaining 
that the satellite observations actually show that the Earth is cooling. The two techniques 
measure different aspects of global temperature, and both are influenced by a variety of 
factors, such as the presence of local pollution. When the satellite record is corrected for 
an unusual warming at its start (due to an El Nifio) and an unusual cooling at its end (due 
to the eruption of the volcano, Mt. Pinatubo), warming temperatures since the late 1970s 
are evident in both, although rates are slightly different. 

What does warming do? A warmer earth essentially speeds up the global water cycle. 
Because there is more evaporation at higher temperatures, there is more water in the 
atmosphere that will come down as rain or S.!lOW. We may be seeing the first signs of a 
change in the water cycle - since the beginning of the century, precipitation in the U. S. 
has increased by about 6%, with about a 20% increase in the frequency of intense 
precipitation events, or heavy downpours. Such events lead to flooding, soil erosion, and 
even loss of life. (Figure 8: Flood picture) But in some midcontinental areas, warming 
increases evaporation and leads to drought. 

There is also evidence that regional ecosystems are responding to warming. Between 
1981 and 1991, the length of the growing season in the northern high latitudes (between 
45° and 70° N) increased by a total of up to 12 days. "Greening" in spring and summer 
occurred up to eight days earlier, and vegetation continued to photosynthesize an 
estimated 4 days longer. There also appeared to have been approximately a 10% increase 
in carbon uptake by plants, possibly due to the longer growing season and a CO2 
fertilization effect. 

Sea level is also rising, due primarily to thermal expansion of the oceans and the melting 
and retreating of ice iu glaciers and ice caps. Over the last century, global mean sea level 
has risen 4 to 10 incl1es (10 -25 cm). [ Add text on permafrost.] (Figure 9: Pemiafrost 
melting photo) During this century, mountain glaciers have already retreated world-wide. 



Climate Change Over the Next 100 years 

Where are we headed? Even if it were possible to stabilize the rate at which CO2 is 
flowing into the atmosphere, it would continue to accumulate and its concentration 
continue to rise throughout the next century and beyond. If the world proceeds on a 
"business as usual" path, it is likely that we are headed for an atmospheric CO2 

concentration of more than 700 ppm by 2100, about double the current level. (Figure 
10: VP chart with future added on) Predictions from General Circulation Models 
(GCMs) are for an ensuing 2-6° F rise in global temperature over the next century - a rate 
of change not seen on the planet at least the last 10,000 years. 

What are the projected extent and pattern of warming over the globe? In a world with a 
CO2 concentration of 560 ppm, a 5 to 10° F change for the U. S. will not be evenly 
distributed, but will be amplified at the higher latitudes. (Figure 11: 2xCO2 surface air 
warming) These warmer temperatures would lead to soil drying in some regions, with 
moisture deficits estimated at 10 to 30% for the U. S. (Figure 12: 2xCO2 reduction in soil 
moisture) 

But there is no indication that rising CO2 levels will stop at 700 ppm. Rather, it is quite 
possible that they will continue to rise to 4 times the pre-industrial level, or more than 
1100 ppm, given current emission rates. For a quadrupling of CO2, the estimated 
temperature increase for the U.S. would be 15 to 20° F, and soil moisture deficits could 
approach 30-50%. (Figures 13 and 14: 4xCO2 surface air warming and soil moisture 
reduction) 



V.ulnerabilities and Potential Consequences 

Although there is scientific uncertainty about exactly how, when, and where the Earth's 
climate will respond to increased concentrations of greenhouse gases in the future, 
observations clearly show that detectable changes are underway and that ecological 
systems are responding to these changes. These changes are adding important new 
stresses on ecological and socioeconomic systems that are already affected by pollution, 
increasing resource extraction, and non-sustainable management practices. Climatic 
changes that would result from a doubling of CO2 would have pervasive effects, some of 
them irreversible, on ecological systems, human health, and socioeconomic sectors: 

Health Effects - In general, developing countries are more vulnerable to climate change 
because of limited infrastructure and capital and greater dependence on natural resources. 
Children and the elderly are the most vulnerable population groups. Climate change will 
increase the risk of mortality from heat stress and from diseases that thrive in warmer 
climates, such as malaria, dengue and yellow fevers , encephalitis, and cholera. 

• Mosquitos and other disease-carrying organisms are likely to expand their ranges 
northward, increasing the number of people exposed. The result could be, for 
example, 50-80 million additional malaria cases per year worldwide. 

• Climate change can exacerbate air quality problems, such as smog, and increase 
levels of airborne pollen and spores that aggravate respiratory disease, asthma, 
and allergic disorders. (Figure 15: Smog photo) 

Sea Level Rise - Sea level is expected to rise by 20 inches (50 cm) over the next century 
and by at least 80 inches (2 m) before equilibrium is reached several centuries in the 
future . Rising sea level erodes beaches and coastal wetlands, inundates low lying areas, 
and increases the vulnerability of coastal areas to flooding from storm surges and intense 
rainfall. A 20 inch sea level rise would double the population at risk from storm surges, 
from roughly 45 million at present to over 90 million world-wide. A 40 inch (1 m) rise 
would triple the number. In Florida, one-third of the Everglades would be lost with a 40 
inch rise, and salt water intrusion would adversely affect delicate ecological communities 
and degrade the habitat for many species. (Figure 16: Florida shoreline with sea level 
rise) Even the 20 inch rise projected for the next century will result in substantial loss of 
coastal land in the U.S. , where the Atlantic and Gulf Coasts are particularly vulnerable. 
Sea level rise in a "4 times" CO2 world would be likely to exceed 80 inches (2 m), and 
could be substantially more depending on the extent to which the Greenland and 
Antarctic ice sheets melt. 

Water Resources - Among the most fundamental effects of climate change is an 
intensification of the water cycle. This intensification will produce more severe droughts 
in some places and floods in others. Such events are costly. Damages from the southern 
plains drought of 1996 were estimated at $4 billion and ranged from $10 - $20 billion for the 



1993 Mississippi River flood . Areas of greatest vulnerability are those where quality and 
quantity of water are already problems, such as the arid and semi-arid regions of the U. S. 
and the world. (Figures 17: dry river bed picture) 

• Climate change would likely increase stress in several US river basins, such as the 
Missouri, Arkansas, Texas Gulf, Rio Grande and Lower Colorado. 

• Water scarcity in the Middle East and Africa is likely to be aggravated by climate 
change, increasing the risk of international conflict among countries such as Syria, 
Sudan, Egypt and Iraq, which depend on water supplies originating outside their 
borders 

Forests - Climate change can dramatically alter the geographic distributions of 
vegetation types. The composition of one-third of the Earth's forests would undergo 
major changes as a result of a doubling of CO2. Over the next century, the ideal range for 
some North American forest species will shift by as much as 300 miles to the north, far 
faster than the forests can migrate naturally. Economically important species, such as 
sugar maple, may be lost from New England. (Figure 18: sugar maple). 

Other Natural Areas - Natural ecosystems, including those that make up our system of 
national parks and refuges - a $ 3 billion annual investment - are highly vulnerable to 
degradation from climate change. The composition, geographic distribution, and 
productivity of many ecosystems will shift, leading to reductions in biological diversity 
and in the benefits they provide, such as clean water and recreation. Wetlands are 
particularly at risk. The wetlands of the prairie pothole region of North America, which 
support half the waterfowl population of this continent, could diminish in area and change 
dramatically in character in response to climate change. Mountain glaciers, which 
fluctuate rapidly in response to climatic change, will shrink. The glaciers of Glacier 
National Park have steadily for decades. By 1993, there had been a 73% reduction in the 
area of the Park covered by glaciers. (Figure 19: Glacier shrinkage in GNP) 

Agriculture and Food Supply - Climate strongly affects crop yields. Doubling of CO2 

is likely to increase crop yields in some areas by as much as 30-40%, but decrease yields 
in other places by similar amounts, even for the same crop. A warmer, drier climate 
would reduce flexibility in crop distribution and increase irrigation demands. Expansions 
of the ranges of pests could also increase vulnerability and result in greater demand for, 
and use ot: pesticides. Despite potentially large changes in yields, overall globai food 
production is not expected to be altered substantially. Agricultural systems in the 
developed countires are highly adaptable and can probably cope with the expected range 
of climate changes without dramatic reductions in yields. It is the poorest countries, 
already subject to hunger, that are the most likely to suffer significant decreases in 
agricultural productivity. (Figure 20: Change in Grain Yield) 
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