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What We Know
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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.

To obtain additional information contact the
OSTP Administrative Office at 202-456-6004.
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that-there-is “a discernible human oEe
influence on global climate.” The B e
IPCC also estimated that-an increase in— o

Burning coal, oil and natural gas to
heat our homes, power our cars, and
illuminate our cities produces carbon

dioxide (CO2) and other greenhouse global surface air temperature of about Pt !
gases as by-products. In recent 3.5 °Fis likely by the year 2100, e = =
decades, atmospheric levels of CO2 although the-change-could beas low 2451 Vg
and other greenhouse gases have as-2-°F-and-as-high-as-6:5°F.- This rep- 7 a2

climbed steadily, and are projected to

resentea faster rate of climate change
continue their steep ascent.

than at any time during the last _ = TR
: g g NSy N
10,000 years, the period in which *

rie

g\Computerized simulations of climate modern civilization developed. e “o 5 u’i:‘_'
~ and records of past climate going as far e = -
back as 160,000 years indicate that the Warming of this magnitude will affect %"

L composition of the atmosphere and many aspects of our lives,in-complicat-_
% . global temperature are tightly linked. ed-ways. Our health, the vitality of
«ww.~ Asatmospheric concentrations of CO2 forests and other natural areas, and the =
.. increase, global temperatures rise. The productivity of agriculture will all-be Vg
i Intergovernmental Panel on Climate affected—by—the resulting changes in temperatuce,
Change (IPCC) has concluded that ather, sea-level; and fresh-water sup-
Con¥inved  Earth hasalready warmed about 1 ° b ply As the risks of global climate g o~ 7
e over the last century. F&r-t-her—-medfﬁ change become increasingly apparent, i
61 FoN there is an urgent need to focus on /N“'m ype V4"
o€ areenhone te-resultin further warming of the actions to slow-atmospheric change M7
qoases will £t . In 1996, the IPCC stat- and minimize the adverse impacts of a ., -« |
e ed-for-thefirst time that the balance of changing climate. i, SRR
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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 (COz2 ), and other trace gases, such as
methane and nitrous oxide, trap solar heat and
keep-it-from-being tost by re-radiation back to
S\ow Y bss

/
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Solar radiation
passes through
the clear
atmosphere

Some solar radiation
is reflected by the
Earth and the
atmosphere.

space. With industrialization and population
growth, the-ameounts-of-greenhouse-gases added
to-the-atmosphere by human - activities-have-
grown to-significant-propertions, and thes s
steady additions have begun to tip a delicate
balance. In-the-United-States,-carbon-emissions
mpemw.exceed-&-tons-p&:.yelr,_a_boui

fhe Greenhouse Effect

Some of the infrared
radiation ﬁasses through
the atmosphere, and some
is absorbed and re-emitted
in all directions by
greenhouse gas
molecules. The effect of
this is to warm the Earth's
surface and the lower
atmosphere.

Figure 1. The greenhouse effect naturally warms Earth’s surface. Without it, Earth would be 60 ° F cooler than it is today —

uninhabitable for life as we know it. /\
+ne



lion yons of carbon into the atmosphere each

Re-freovarpopuaHen--o

i f forests

D,fer..agﬂeul-mfe, contributes another 1-2 billion

tons annually by reducing the uptake-andstor-
age of carbon by trees (Figures 2 and 3).

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

Figure 3. Deforestation worldwide adds 1 to 2 billion metric
tons of carbon to the atmosphere cach year,
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Since 1860, COz, the most important human-
derived greenhouse gas, has increased 30 per-
cent, from 280 to 360 parts per million (ppm)

(}qr\ coltural pnd Tadustrial prochices
Nove olso dovhlted—tIne—rorntenteation T
6% werhave ‘r-ﬁ-—kM—m‘«-woacvkeFE ?
and L acietased Nitcovs pxide \ewels

by about 1S percents

(Figure 4)
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Overa muciT tonger-time-—seate, thefe ?ﬁclear
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 5).,
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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 seasonal cycle of vegetation northern latitudes: each spring the vegetation “inhales” and absorbs CO2, and each
autumn part of that COz is released back to the atmosphere.



Atmospherlc Carbon Dioxide Concentration
and Temperature Change

Current
Level —;

CO2 CONCENTRATION

(Antarctic Ice Core)

Level —pm
1800AD

Carbon dioxide (ppmv)

:: :
-
O
o
e
=0
whd
. @©
oy
Y
i e le
5
-

gure 5. Data collected from tiny bubbles trapped in ice cores indicate that over the last 160,000 years the atmospheric CO2
concentration and the temperature record have mirrored each other,
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Which countries account for the larfest pro-
portions of COz emissions? In ; 14 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-thattime, China, which is current- ( ¢
ly the second largest source, is h'-ke{-yqo\ “displace d v
the United States as the largest emitter,
el ey Pcded

Fiy choart Ao be 13945 ( 753510 bofore L

~ Total World Emissions

Developing
- World:
26%

Developed
World
74%

Mid
East 5%

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

Sakellite observutions wece T Haly
\nrerpreted 15 showing o s light cooling, but
moere receny

How has the climate changed to date? The phere up to a height of 30,000 feet. The long-

IPCC’s Second Assessment Report (1996) term surface temperature record and the short-

described a series of changes that already have term satellite observations

been observed. Global surface temperature has differ, but the fact that the two records are not

been measured since 1880 at a network of identical is not surprising. The two techniques

ground-based and ocean-based sites. Over the measure different aspects of global temperature,
last century, the average surface temperature of and both are influenced by a variety of factors,

the Earth has increased by about 1.0 °F to a such as the presence of airborne materials from
level-thatds as high or higher than it has been the 1991 eruption of the volcano Mt. Pinatubo.
in any century since at least 1400 AD. The analyses, have identified warming in the

eleven warmest years this century have all satellite record/ just as the ground-based mea-
occurred since 1980, with 1995 the warmest on surements have indicated over a longer time
record (Figure 7). The higher latitudes already” period. As mjore data from the satellite record
have warmed even more. become available, and as the quality of mea-
surements iy improved, comparison of these
Beginning in 1979, satellites als6 have been two recordy is likely to yield additional insights.

used to measure the temperature of the atmos- )
3 0 ccovnting For ntoral; shork-Yerm
\o t_‘\uut'.tan'l‘

Global Average Temperature

S year average

Figure 7. The global average temperature has risen by approximately 0.5 °F to 1 °F over the last century.



W hy dn '\'\u.f,

Yvce UJ“\ Loos @ u,qud wof‘«bdl&i
Wignel XamQeeotveey // guer e \nst
: : e T ; , - : Lentuty,
What does warming do? A warmer Earth Sea level is also rising, mainly because the
speeds up the global wateg<ycle: the exchange oceans, like all water, expanc‘l_ when fheated.
of water among the oc/s atmosphere, and The meltmg ef-tee-eaps-and’glaciers,is also con-
land. Beeause-there-is morg evaporation at- and tnbutmg to this effect. Sver-thetastcerntusy, c
highestemperatures, soil to dry out faster. global mean sea level has risen 4 to 10 inches” Oue
“'-‘mﬂBecause-thefe-ts-mefe water in the atmosphere, uring-this-time~meuntain glaciers-have er\NB
wRouR\S ore rain or snow overall. O (Z&mmd_umd.dmuda Formerly frozen soils (per- ¢ o
1% /w]l[ ywean mafrost) in the Alaskan arctic have begun to il
We may be seeing the first signs of changes in melt, damaging both ecosystems and infrastruc- X
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
s increased by about 6 percent, with about a 20 of trapped carbon and methane, creating an
" ‘H ,~ percent increase in the frequency of intense additional source of greenhouse gases.
precipitation events heavy downpourse F

Such events haveled-ta flooding, soil erosion, More than Ly ches fer ém&,
__and, loss of life (Figure 8 and 9). Bét in -

some midcontinental areas, increased
evaporation has led 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. PTripg
flo6ds as severeasthe 1993-Mississippi-Riv
lood, communities and cities like St. Louis,

issouri will face w::-udr’omub
iverbanks averflo
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. usual” path, atmospheric CO2 con-

Climate Change Over the Next 100 Years
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Atmospheric Carbon Dioxide Concentration

Where is the climate headed? If the and Temperature Change

world proceeds on a “business as

centrations will likely be more than
700 ppm by 2100, nearly double the
current level of 360 ppm (Figure 10):
State-of-the-art climate models suggest
that this will result ina 2 °F to 6 °F
increase in global temperatures:over

the next century: is a rate of (\imate
change not seen on the planet for at
least the last 10,000 years.

Furthermore, even if a
were stabilized at 700 ppm by 'the .
year 2100, it would likely take several
more centuries for temperature to sta-
ilize 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 temperature from night to
day. \The United States would eventu-

ally stabilize at a temperature 5.5 °F to

) . o Current %[
L  Level

Cn'rbﬁn dioxide (ppmv)

- -_' e beginning of the Industrial
rerelatively-small-wirdo

cars-thootvirtaatlystraight-upto700—
ﬁpm-. This is expected to cause a warming of 2
°F to § °F by the year 2100.
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is-any-pasticular-month-would be that” ’
mer(Figure11). 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

Percent Reduction in June-August
Soil Moisture

Figure 12. The extent of
warming indicated in Figure
11 will lead to substantial
" soil drying throughout the

Lovs'*d MSO“ mois-
ture decreases of 10 percent
to 30 percent over North
America.

Figure 11. Even if CO2 levels only rise to
V.9, X eptidi\s60 ppm by the year 2100, ourclimate-
o U uentvalY il evertuntiy stabilize-at-temperatures S

oe oDevt °F to 10 °F warmer than today. w_g
e e
U

e-globe- igher latin

el \.u-i{\ wWerwh woal@ 4 W Qbua*ar‘aul re";oﬂb




States during the summer growing
season (Figure 12).

Percent Reduction in June-August S
Soil Moisture IfYOz 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 1S5 °F to
20 °F, and soil drying could approach
30 percent to SO 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
.. o, i et US tempesda
200 30 40 50 60 L -atures-exceeding 15 °F to 20 °F higher ~ ¢o0ldl be

than current levels.




Vulnerabilities and Potential Consequences

Climate changes from rapidly rising concentra-
tions of CO2 and other greenhouse gases could
have widespread effects, many of them nega-

tive, on ecological systems, human health, and
socioeconomic sectors. At the higher concen-

trations, uncertainty about what will happen
increases. The outcome could be less dramatic

than expected, but it could just as well be much

more severe. The faster the rate of change in
climate, the less time there will be to adapt,
underscormg the importance of proceedmg

will impact human health in a variety of ways.
Warmer temperatures will increase the risk of
mortality from heat stress. For example, in July
1995, 465 deaths in Chicago were attributed to
a heat wave with temperatures exceeding 90 °F
day and night.;By 2100, this type of event may
become six times more frequent. ,Climate
00 My change also exacerbate air quality prob-
;ven  lems, such as smog, and increase ldvels of air-
yuents Dborne pollen ad spores that aggravjate respira-
yeeul will
oot
e
luely
SO
{@afs,

The heat Vedey 15
temperatuve a i humw\-u\rq. For Wafhin

wit\h

tory disease, asthma, and allergic disorders.

Because children and the elderly are the most =3
vulnerable population$, they are likely to suffer
disproportionately oth warmer temperatures

and poorer air quality. opd \nefeased (aked
ok Arars W 1950n
Diseases that thrive in warmer ¢fimates, such as

malaria, dengue and yellow feyers, encephalitis,
and cholera, are likely to sprgad due to the
expansion of the ranges of ghosquitos and other
disease-carrying organisms/ The result could be,
for example, SO million to 80 million additional
malaria cases per year worldwide by 2100. In
general, people in developing countries are more
vulnerable to climate change because of limited
infrastructure and capital and greater depen-
dence on natural resources.

Rising Sea Leve@sing 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. By 2100, sea level is expected to
rise by 6 to 37 mches A 20-irich sea level rise
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Figure 15. Higher temperatures will exacerbate urban air pollution problems such as tropospheric ozone. *o mp?\ml
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Sovtn Floridu s Wighly vulnerable Yo ey

will result in substantidl loss of coastal land in third of the Florida Everglades has an eleva- \ \gue !l
the United States, parficularly along the south- tion of less than 12 inches, aneHs-vwlnerable. | 1¢p
ern Atlantic and Gulf coasts, which are current- to.a 1-foot sea-levelrise. Salt water intrusion ¥

ly subsiding and are/particularly vulnerable. would adversely affect delicate ecological >

The oceans will conptinue to expand for several communities and degrade the habitat for 40
centuries after tergperatures stabilize. Because of many species ki ik
this, sea level rise'may eventually exceed 86 40 ({—:‘1 12

inches, Z-m)y and-could-be-substa
depending on the extent to which the

'

Disruption of the Water Cyc@mong the
most fundamental effects of climate change are

i ¢ iGreenland and Antarctic ice sheets melt. intensification and disruption of the water cycle.
eutl (%

A |* A 20-inch sea level rise would double the Droughts and ﬂoo@tensiﬁcation of the water
oo 9% population at risk from storm surges, from cycle will produce more severe droughts in some
v"\}’ roughly 45 million at present to over 90 mil- places and floods in others. Such events are
j000Le lion worldwide. A 40-inch (1 m) rise would costly. Damages from the Southern Plains
tu\t"" triple the number. drought of 1996 were estimated at $4 billion,

South Florida
Shoreline Change after a
1-Meter Rise in Sea Level

{=f
Key West

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.



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

Ane s Pecfre Dorxmwest Flods a A Liyarel
/7, wags 44F ot obout §3 billion  the
-’\ (24 oW cvoer Flood ok abut § | billton,

the 1993 Mis Mississippi River flood dam e?)/_,—/
nd the

fanged-from $10 billion to $20 bllho
1997 Red River flood in the Northern Plams

eostamrestimated $2 billion.
Y aDovr

/

Water quality and quantity - Areas of greatest vul-
nerability 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

™. suppy 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 sueh-as-Syria-SudanEgypt-L—

—y—and-traq,. which depend on water supplies

originating outside their borders.

Prediction based on increased temperature and
_ molsture red ction’

Figure 18. Climatic shifts will force some species to migrate northwards or to higher elevations in order to stay in the appro-
priate climatic zone. The climatic zone for sugar maple, for example, could shift northwards into Canada. This would com-
promise the maple syrup industry and the fall foliage colors, both of which make New England famous.

14
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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 COz2 level of 700 ppm. Over the next
100 years, the ideal range for some North
American forest species could 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, could
be lost from New England by the end of the
next century (Figure 18).

Suen thunges cov'ld hove ?ln;’vuﬂb efhects on

anging-Natural-Areas - Natural-ecosystemsy—

.G—fﬂc.hldmg—those'tharmake—ﬁp the U.S. system of
national parks and refuges, W

to reductions in biological diversity and in the

32 pcos yster>
benefits Mprovide, uch 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. i i i

<

sink. The glaciers of Glacier National Park
have receded steadily for decades.
trere-frad-beena—73-pereentreduction-i

(Figure 19). acbcen Mod el frolections noicute

ot o\ dne Park's glociers wh W o Sq ppear
Challenges to Agriculture and the Food YY 297
Supply - Climate strongly affects crop yields. A
CO2 concentration of m 1s likely to
increase crop yields in some areas by as much
as 30 percent to 40 percent, but it will decrease
yields in other places by similar amounts, even
for the same crop. A warmer climate would

580

Glacial Recession in a Glacier Complex

Red Eagle, Logan, Pompelly, Blackfoot, Jackson, Harrison
and Sperry Glaciers, Glacier National Park, MT

Figure 19. Warmer temperatures have already led to substantial glacier melting and shrinkage in Glacier National Park,
Montana. Data indicate that more than 70 percent of some of the glaciers in the National Park have already melted.
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reduce flexibility in crop distribution and in the developed countries are highly adaptable
increase irrigation demands. Expansions/f the and can probably cope with the expected range
ranges of pests could also increase vulpérability of climate changes without dramatic reductions
and result in greater use of pcsticid?)l)cspi{c 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, But there are likely tivity (Figure 20).

to be winners and losers. Agricultural systems

-30% -10%

e urce4 Rosenzweig'and Hillel (1993)

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 burns 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.
Nove
The more knowleclgeable‘?- we ﬂ-r-e) 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 dramatically altered
by an enhanced greenhouse effect.
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Figure 18: Sugar maple
Source: Margaret Davis, Univ. Minnesota
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GREENHOUSE GASES AND CLOUDS KEEP
THE EARTH’'S SURFACE 33°C WARMER

THAN IT WOULD OTHERWISE BE.




Carbon Dioxide Concentrations

Air in Antarctic Ice Core Air at Mauna Ioa, HI
(Data from Neftel et al.) (Data from Keeling)
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Global Average Temperature

Surface Air Temperatures
(Data from J. Hansen et al.)
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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 PROJUECTED RANGES OF BEECH TREES IN THE
U.S. UNDER TWO MODEL SCENARIOS




1800

Average Annual Excess Weather-Related Mortality for
1993, 2020 and 2050 Climate

1250

600

Sources: Kalkstein and Green (1997); Chestout et al (1995) GFDL89 Climate Change Scenario
Note: Includes both summer and winter mortality. Assumes full acclimation to changed 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 33 degrees C, or 60 degrees F,
warmer than it would be. Without this effect, life would not be possible. Water vapor,
CO, 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 CO, 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 current 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 1/20th of ours -- will
increase. (For example, there is only 1 car per 2,000 people in China).

Figure 4: Projected CO, Emissions

Under business as usual, we expect emissions from the developing ccuntries to rapidly
increase, equaling those of Annex 1 (US, OECD, former Soviet 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 CO,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 -- mostly 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 impacts research has only evaluated the effects of a doubled CO, world equilibrium.
We must also begin to understand what impacts might be experienced if atmospheric
concentrations more than double. Which is where we are headed.



Figure 12: CO, 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 CO, 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 CO, World

This map centered over the US shows how average temperature increases for a 2 times
and 4 times CO, 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 CO, 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 welcome 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 to deal with this issue. It is my honor,
ladies and gentlemen, to present the President of the

United States, President Bill Clinton. .

THE PRESIDENT: Thark you very much. The whole
issue of climate change must be looked at in terms of cur
deepest obligations to future generations. I have spent
most of my time in the last 4% 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

that if we 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-to-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 last five years or so, the
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
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realistic and binding limits on our emissions of greenhouse
gases. Between now and then we have to work with the
American people to get them to share that commitment.
We have to 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 this challenge
now. I'm positive that we owe it to our children. And I
hope that we can find the wisdom and the skill to do
democracy’s work in the next few months to build the
consensus necessary to actually make action, as opposed to
rhetoric, possible. To all of you, for your commitment to

that, I thank you.

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

DR. ROWLAND: Mzt 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 ozone in the stratosphere over the United
States is 6 to 10 percent lower than it was in the 1960s.

Many other changes are occurring as well. The global
average surface temperature has risen about 1 °F during
the phst century, and sea level has risen from 4 to 10
inches. '

Land use patterns have been greaily 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.
Human activities are the chief cause of many of these
changes. The last century saw tremendous growth in the
global population, from about 1% 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.
Because the wind circles the earth within a few weeks,’

greenhouse gases emitted from each country quickly

Expert climate scientists from more than

50 countries agrec that “the balaace of evicence
suggests that tiere is a discernible human
influence on global climate.” Dr. E Sherwood
Rowland, Nobel Prize recipient, noted that global
temperature records indicate an overall warming of

about 1 °F over the last century.
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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 surface air tempera-
ture of about 3% °F by the year 2100, with a possible
range from 2 to 6% °F They further stated that the

balance of the evidence suggests a discernible human influ-

ence on global dunate, and warnied that the average ratc off

warming will probably be greater than any experienced in
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 other
greenhouse gases in the intervening years. More than 2600
scientists have now signed a statement on global climatic
disrupdion in which, as scientists and as concesned citi-
zens, we ask that the United States demonstrate strong
leadership in the glcbal effort with a firm proposal for
reducing U.S. emissions of greenhouse gases.

L AN T e Y

Due to human activities — primarily the
burning of fossil fuels — atmospheric
concentrations of several greenhouse gases
bave substantially increased since the
beginning of the Industrial Revolution. 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
level 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: TI'd be pleased to do that, Mr. Vice
President. The “greenhouse effect” is a process that affects
the heat patterns of our planet. The earth receives energy
from the sun, which passes relatively freely through che
atmosphere. But the energy that the earth emits back to
outer space is actually trapped by certain gases in the
carth’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 miliion. We know this from measuring the composi-
tion of air bubbies tapped in ice cores from Autarctica
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 CO, are below 300 parts per million. The
current concentration of CO, is roughly 365 parts per
million. What is striking is that this is a level that we
haven't seen before, certainly not in the past 160,000

years, and we got there very fast.
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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 to reach levels of about
700 parts per million. And what is remarkable is how fast
this 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
is now.

This is the sort of evidence that 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 natural resources.

DR. LUBCHENCO: M. 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
recredtion and inspiration can only be provided by intact
ecological systems, and when those systems are disrupted
or lost, then we lose the goods and services they provide.
To provide a few vignettes of the ecological consequences
of climate change, in the optimistic scenario of a doubled
CO, world, let me invite you on a brief field trip to
different parts of our country:

* Lets ,bc.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 next century are
expected to be faster than have been observed over the last 10,000 years. Dr. Jane Lubchenco predicted this will lead to loss of biological diversity

and the services ecosystems provide for society. estimated to be worth trillions of dollars annsially
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Human health and food
security may be adversely
affected by climate
change. In combination
with increasing populations
and limited land and water
resources, climate change is
likely to lead to increased
pressures on food supplies
and disease surveillance

.D’Iffmf.

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 o this region. The heat wave in 1988
resulted in a one—third drop in U.S. agricultural
production. While these highly managed agricultural

Climate change is only one of many environmental
changes occurring around the world today. There are
multiple stresses, including familiar things like urbaniza-
tion, over-fishing, pollution, and the loss of biological

diversity. Taken together, these stresses are reducing the

systems are thought to be quite adaprable, climate
change is likely to increase demands on available

water to ameliorate soil drying, and on pesticide use

v coinbie i o of et aiid discaiok ccosystems that we depend upon for our quality of life. As

a scientist, I know enough to appreciate how serious and

Flying up to Glacier National Park in Montana, we

urgent the problem of climate change is. As a mother, |
would be dismayed to find out that fuily 73 percent

care especiallv about rhe prospects of the world that my
of the glacial areas have already been lost since 1850 children wili inherit. T do not wish them to have a world

that is disrupted and depauperate. The quality of their

future depends upon our willingness to act and to act
park by the year 2030, well within many of our chil- quickly.

dren’s lifetimes.

because of climate warming. In fact, climate change is
predicted to result in loss of all of the glaciers in the

As an ecologist, I must emphasize that the slower the rate THE VICE PRESIDENT: Thank you. Let me call now on
of change in climate, the less catastrophic the results. Dr. Steve Schneider to discuss the risks of severe or extreme
Species are more likely to be able to migrate, to grow, and weather events — droughts, floods, and hurricanes —
evolve if the rate of change is slow. 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, deing
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 thae? 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 before
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, to go up six
inches to maybe three feet, depending upon how things
turn 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 about the 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.

The question is, what's happening? A line that we often
use in science is, well, in God we trust, but for the rest of
us, please show data. Dr. Tom Karl and his colleagues in
North Carolina, for example, have concluded that 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
events. 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 first signs of the
canary in the cage starting to quiver.

The IPCC concluded with a paragraph I know well as a
lcad IPCC author, and I'll quote what it said in its last
paragraph of the summary 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 diseases
extensively, to discuss how human liealth 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 to severe warmth. We had an

6 White House Roundtable on Climate Change, July 1997
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Mankind has dramatically altered the
composition of the atmosphere in the last
150 years. The concentration of carbon dioxide
is 30 percent higher than it was in 1860 and is
now higher than it has been in 160,000 years.

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 rash. There is a more severe
form of dengue, dengue-hemorrhagic fever, 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
our southern boider. I cannot el you whetier dengue
epidemics will eccur ia the United States, but with climate
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

with warming 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.
inuis encephialitis, the dek-berne Lyme discase, and the
newly recegnized rodent-asscciated Hartavirus pulmenary
syndrome, which 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 righc. 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: M. President, Mr. Vice President,
thank you for this opportunity. Disruption of the climate
is linked 0, 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 had somewhat simiiar evens.

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

which is almost no time at all. Fresh water, which is vital

8 White House Roundtable on Climate Change, July 1997

The vast majority of the world’s
leading climate experts are
concerned that human-induced
climate change could have profound
consequences for the economy, human
health, and quality of life in future
generations. Flanked by the Vice
President and the President, the eminent
U.S. scientists who contributed to the
White House roundtable discussion of
- climate change are (left to right) Rober:
Shaope, Henry Kendall, Jane Lubchenco,
E 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 new 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
tier of the developing natioas that will get hit dirccdy by
shortages. This has 2lready started ro generate increasing
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 the 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 boat can sink, so let me
say that this is a developing problem in national security,
and we have to deal with it. The best way to deal with
problems of this sort is to stop them at the outset and not
wait until the results are presented to us and the great

troubles have developed. Thank you.

THE PRESIDENT: Thank you. I'd like to now turn to
Dr. John Holdren, who's worked on many global issues.
Why do you think people are underrating the importance
of the climate change issue, and what do you think we can
do about it?

-* An East Room Roundtable
- on Global Clifnate Change.

Climate change is a global issue requiring a global response.
President Chinteir has siated that “we bave 0 sk all rctions, totn
incusrrial and develeping, to perticizate in whis process. We havs :0
rmpbasizt' ﬂfx:'bf(, market-based dppmrzd}ﬁ. 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

.rwemy-ﬁnf century what it aug}}r to be, not omt')v ﬁ:r our children,
but for all the children of the world.”

DR. HOLDREN: I think, Mr. President, Mr. Vice
President, there are at least six reasons why most people
underrate the seriousness of the climate disruption problem.
I think the first 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 farms 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 about sea level
rise and associated destruction of coastal property. And we're
wlking about the potential for political tension and conflict
over the consequences and over who's responsible and who

should pay.

The second reason people tend to underrate this problem
is that climate disruption is a lot further along than most
people think. As we've seen, atmospheric carbon dioxide is
already higher than it’s been in the last 160,000 years. The
global surface temperature, which is expected to lag
behind increasing carbon dioxide concentration, is higher
than it’s been in the last thousand years.

The third reason that many people are more complacent
than they should be is that the climate implications of
future growth in population and future growth 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 to less than 6
billion today. We're going to have energy use under “busi-
ness as usual” that will be three times higher than today’s
and CO, emissions that are 2 to 2% times today’s world-
wide.

The fourth point is that scientific uncertainties are not
grounds fer complacency, in spite of what many people
may think. There are uncertainties about many of the
derails of timing and magnitude and regional variation in
the consequences of climate change, but there is ro uncer-
tainty at al! that humans have significanty altered the
global atmospheric concentrations of gases we know to be
critical in controlling climate. And there’s a solid
consensus among the scientists who have studied these
matters seriously that 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 think. Those
time lags and above all the several decades that it will take
to substantially successfully transform the world’s fossil
fuel-dependent energy supply system mean that 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 that has been reviewed here today that that
supertanker is heading for a reef. Even though we can'’t say
exactly when we're going to get to the point where that
reef rips the bottom out of the supertanker, it’s a bad idea
in these circumstances to keep on a course of full speed

ahead.

The last reason that people tend to underrate this problem
is because the fate of industrialized and less developed
countries is a lot more interconnected than most people
think. We all live on this planet under one atmosphere.
We all live cn 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 to enjoy a stable and sustainable prosperity,
we are only going to be able to manage that if we can
achieve for the rest of the world now less fortunate a stable
and sustainable prosperity as well. And the only way to do
that is going w include addressing the danger of global
ciimate disrupuion il a cooperaiive way.

THE VICE PRESIDENT: Thank you.

THE PRESIDENT: 1 wish every American could hear
what we've heard today. This is the beginning of a consis-
tent, long-term effort chat we all have to make to involve
the people of this country in this decision. And I thank
you all for the points you've made because in different
ways each of them will resonate with citizens of this
country in a way that I believe will give us the support we
need to take the action that has to be taken. In the weeks
and months ahead, the Vice President, the Cabinet, other
members of the Administration, and I will be out in the
country discussing this. We will be working with the
American people. We will be talking about solutions as

well as problems.
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Dr. E Sherwood Rowland

We. hyse § (Nobel Laureate in Chemistry, 1995,
Professor at University of California, Irvine,
a Shd €| Foreign Secretary for the National Academy
w of Sciences, Past President of the American

wil| b= Association for the Advancement of Science)
mayfe mbo | In 1995, Sherwood Rowland, along with two
2t fc‘h) . of his colleagues, won the Nobel Prize in

4

Chemistry for pioneering research in atmos-
pheric chemistry of the destruction of the ozone layer. Since
receiving his Ph.D. from the University of Chicago in 1952, he
has climbed the academic ranks in chemistry, and is currendy the
Donald Bren Research Professor of Chemistry and Earth System
Science at the University of California at Irvine. Dr. Rowland has
received many awards including the Roger Revelle Medal from
the American Geophysical Union. He also currently serves as the
Foreign Secretary of the National Academy of Sciences, and is a
former President and Chairman of the Board of the American
Association for the Advancement of Science.

| Dr. Mario Molina

il (Nobel Laureate in Chemistry, 1995,
| Professor ar Massachusetts Institute of
8| Technology, Member of the President’s
| Committee of Advisors on Science and
Technology)

Mario Molina was awarded the Nobe! Prize
along with Sherwood Rowland for research

on the thinning of the ozone layer. Dr.
Molina and his colleagues demonstrated experimentally how
ozone-destroying chlorine functions in the atmosphere. He is
currently the Lee and Geraldine Martin Professor of
Environmental Science at Massechuseus instivute of Teclinology.
Since completing hi< Ph.D. in physical chemistry ai the
University of California, Berkeley, Dr. Molina has received many
honors and awards, including election to the National Academy
of Sciences, and selection as a Pew Scholar on Conservation and
the Environment. He has also served as an advisor to the
National Aeronautics and Space Administration, the National
Science Foundation, and the National Institutes of Health.

| Dr. Jane Lubchenco

(Professor at Oregon State University, Past
President of both the American Association
Jfor the Advancement of Science and the
Ecological Society of America)

Jane Lubchenco is currently the Wayne and
Gladys Valley Professor of Marine Biology
and Distinguished Professor of Zoology at
Orégon State University, and has been
awarded a litany of honors. She has been selected as a Pew Scholar
in Conservation and the Environment, a MacArthur Fellow, a
member of the National Academy of Sciences, and a member of
the Nationa! Science Board. She is also an American Academy of
Arts and Sciences Fellow, an American Association for the
Advancement ‘of Science Fellow, and has received numerous
teaching awards. She has accomplished all of this since receiving
her Ph.D. from Harvard University in 1975.

Dr. Stephen Schneider

(Professor at Stanford University,
MacArthur Fellowship, the American
Association for the Advancement of Science
Westinghouse Award for Public

| Understanding of Science and Technology)

After receiving his Ph.D. in Mechanical
Engineering and Plasma Physics from
Cclumbia University in 1971, Stephen
Schneider focused on the influence of greenhouse gases and
suspended particles on the earth’s climate as a postdoctoral
researcher at NASA’s Goddard Institute for Space Studies, and
later at the National Center for Atmospheric Research, where he
remained until 1996. In 1992, Dr. Schneider was awarded a
MacArihur Feilewshin for his ability ro inregrate and internret

the results of globa! climate research through oublic Jecrures,
seminars, media appearances, and research. He was also honored
with the American Association for the Advancement of Science
Westinghouse Award for Public Understanding of Science and
Technology for his ability to express environmental science and
its implication for public policy to the general public. Currently
he is a Professor in the Department of Biological Sciences and a
Senior Fellow at the Institute for International Studies ac
Stanford University.
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Dr: Robert Shope
(Professor at University of Texas, Director of
the Yalc Arbovirus Research Unit for 24 years)

Robert Shope has devoted his career to the

| study of viruses carried by mosquitoes, ticks,
| and other biting insects. These viruses can

| cause life-threatening diseases in humans

88l such as malaria, dengue and yellow fevers,

A and encephalitis. Since receiving his medical
degree in 1954 from Cornell University, he
has spent many years in Malaysia, Brazil, and other tropical sites
studying these insect-borne diseases. He was a Professor of
Epidemiology at Yale University’s School of Medicine from 1975
to 1995, and served as the Director of the Yale Arbovirus
Research Unit. During that period he was awarded many
honors, including the Walter Reed Award from the American
Society of Tropical Medicine and Hygiene. He is presently a
Professor in the Departments of Pathology and Microbiology
and Immunology at the University of Texas Medical Branch.

(Nobel Laureate in Physics, 1990,
Professor at Massachusetts Institute of
Technology, Chairman of the Board of the
Union of Concerned Scientists)

In 1990, Henry Kendall won the Nobel
Prize in Physics, along with two colleagues,
for his insightful work in particle physics.
Dr. Kendall is currently the J.A. Stratton
Professor of Physics at the Massachusetts
Institute of Technology. He also serves as the Chairman of the

Board of the Union of Concerned Scientists, an organization
which he helped found in 1994. Throughout his career, Dr.
Kendall has focused on U.S. energy and defense issues such as
the nuclear arms race, nuclear power, and renewable energy. He
has many other awards and honors including being elected to

thie Natienal Academy of Stiences.
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Dr. John Holdren

(Professor at Harvard University, member of
the President’s Committee of Advisors on
Science and Technology

| John Holdren is a world-renowned exper:
on energy and environmental science. In
1995, he delivered the Nobel Peace Prize
acceptance lecture on behalf of the Pugwash
Conferences, on the occasion of that organi-
zavion’s sharing of the 1995 prize. He is currently the Teresa and
John Heinz Professor of Environmental Policy and Director of
the Pregram on Science, Technology, and Public Policy in the
John E Kennedy School of Government, and Professor of
Envitonmental Science and Public Policy in the Department of
Earth and Planetary Sciences at Harvard University. From 1973
to 1996, he was a Professor of Energy and Resources at the
University of California at Berkeley. He has been elected ..a
Fellow of the National Academy of Sciences, the American
Physical Society, the American Association for the Advancement
of Sciences, the California Academy of Sciences, and the
American Academy of Arts and Sciences. He was also awarded
the MacArthur Foundation Prize. Dr. Holdren received his
Ph.D. from Stanford University in aeronautics, astronautics and
theoretical plasma physics in 1970.
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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-CO, greenhouse gases such as methane (CH,) and nitrous oxide

(N,0) make the “effective” atmospheric concentrations about 20% higher than they
would be with CO, alone.

1. Where have we been:

epre-industrial levels and current levels of greenhouse gas concentrations in the

atmosphere:
CO, CH, N,O
Pre-industrial | 280 ppm | 700 ppb 275 ppb
Current 360 ppm | 1720 ppb | 312 ppb

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

e 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 111644
10 | Italy (including San Marino) | 106947

2. Where are we going:

e 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.

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

e 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 PgClyr
550 ppm 2013 2033 9.7 PgClyr
650 ppm 2018 2049 11.4 PgClyr

- 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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e 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
10,000 years, the period in which modern civilization developed. The Panel estimated that an
increase in global surface air temperature of about 3'%° F is likely by the year 2100,
although the change could be as low as 2 and as high as 6%2° 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 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 (CO,, 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, CO,, 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 CO, levels and the
global temperature record. Fluctuations of CO, 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 CO, 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 (.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 airborne 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. S. 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 midcontinental 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 of up 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 aud 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 CO, 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 CO,
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 CO, 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 CO, from preindustrial levels, or about 560 ppm. In a
world with a stabilized CO, 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)



Yulnerabilities 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 CO, concentrations would have widespread effects,
some of them irreversible, on ecological systems, human health, and socioeconomic
sectors. If we continue on our “business-as-usual” path for greenhouse gas emissions,
CO, 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
ciimate 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 other 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 ¢m). with a “best guess™ ot 20 inches (50 cm).

A 20 inch sea level rise will result in substantial loss of coastal land in the U.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 (1



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 adversely 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 and floods - 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 distributicns of
vegetation types. The composition of one-third of the Earth's forests would undergo
major changes as a result of climate changes associated with a CO, 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 trom 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 CO, 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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Climate Change: State of the Knowledge Brochure

Covers:

Front: Earth picture (maybe one that shows how thin the atmosphere is)
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Back: Biosphere (the Living Earth)

Body:

Opening (abstract)

The Greenhouse Effect and Historical Emissions
Climate Change Over the Last 100 years
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Opening (“Abstract”) 1912

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 3'2° F is likely by the
year 2100, although the change could be as low as 2 and as high as 6'2° 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@md lend support for the id@that
measures for mitigation and adaptation are warranted.
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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: Greenhouse effect)
Water vapor, carbon dioxide (CO,, 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, CO,, the most important human-derived greenhouse gas, has increased 30%,
from 280 to 360 parts per million (Figure4: CO, 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 CO, levels and the global
temperature record. Fluctuations of CO, and temperature have closely mirrored each
other over the last 160,000 years. (Figure 5: CO, 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 CO,
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-meére 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. 4Per capita energy use
in the developing countries, which is currently only 1/10 to 1/20 oflour level, will also
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Climate Change Over the Last 100 years el

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.t, The two techniques " rf—c |

measure different aspects of global temperature, and both are influenced by a variety of A
factors, such as the presence of local pollution. When the satellite record is corrected for =, Wi
an unusual warming at its start (due to an El Nifio) and an unusual cooling at its end (due Mg

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 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

vV melting photo) During this century, mountain glaciers have hl:cady 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 CO, 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 CO,
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 risg in global temperature over the next century - a rate
of change not seen on the planet at east the last 10,000 years.

What are the projected extent and pattern of warming over the globe? In a world with a
CO, concentration of 560 ppm, a5 to 10° F ¢hange for the U. S. will not be evenly
distributed. but will be amplified at the #ngh/er latitudes. (Figure 11: 2xCO, 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: 2xCO, reduction in soil
moisture) -

} W s
- | JoA

But there is no indication that rising CO, levels will stop at 700 ppm. Rather, it is quite e
OG'Pf’“i‘ g

pOSSIbIe) tha} they will continue to rise to 4 times the pre-industrial level, or.more than

11 iven current emission rates. For a quadrupling of CO, 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: 4xCO, surface air warming and soil moisture
reduction)
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Yulnerabilities and Potential Consequences

! ﬁ\- ' ot

Although there is scientific uncertainty about exactly how, when, and where the Earth’s 505 k\"v\v
climate will respond to increased concentrations of greenhouse gases in the future, e
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 CO, 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 (fi' d—n
levels of airborne pollen and spores that aggravate respiratory disease, asthma, 77~
and allergic disorders. (Figure 15: Smog photo) b B
7 ]

. - . . & Ao 4 H
Sea Level Rise - Sea level is expected to rise by 20 inches (50 ¢m) over the next century 5 &

5 T . 5 C
and by at least 80 inches (2 m) before equilibrium is reached several centuries in the . ; s
future. Rising sea level erodes beaches and coastal wetlands, inundates low lying areas, l;' ‘; |
ANVAa (P )

and increases the vulnerability of coastal areas to flooding from storm surges and intense Sxiba
rainfall. A 20 inch sea level rise would double the population at risk from storm surges, <))ot
from roughly 45 million at present to over 90 million world-wide. A 40 inch (1 m) rise of "¢ s
would triple the number. In Florida,Jone-third of the Everglades would be lost witha 40 ., Rd e
inch rise, and salt water intrusion weuld adversely affect delicate ecological communities
and degrade the habitat for many species. /(Flglll‘{. 16: Florida shoreline with sea levcl ——
rise) |Even the 20 inch rise projected for the next century witl result in substantial loss of
c_oaa-.tal land in the U.S.. where the Atlantic and Gulf Coasts are particularly vulnerable.

' Sea level rise in a *4 times™ CO, world would be likely to exceed 80 inches (2 m), and
could be substantially more depending on the extent to which the Greenland and L1
Antarctic ice sheets melt. K‘J

*L—%—(’_Vj

Water Resources - Among the most fundamental effects of climate change is an

intensification of the water cycle. This intensification will produce more severe droughts JL o4
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 of <N }7



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 CO,. 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 co:/;red by glaciers. (Figure 19: Glacier shrinkage in GNP)

Agriculture and Food Supply - Climate strongly affects crop yields. Doubling of CO,
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 flexibilLy 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, pcsticidcs& Despite potentially large changes in yields, overall global food
production is not expf%cled 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 hungk}\r. that are the most likely to suffer significant decreases in
agricultural productivity.\ (Figure 20: Change in Grain Yield)
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Carbon® Dioxide Concentrations ..

Air in Antdarctic Ice Core Air at Mauna lLoa, HI
(Data from Neftel et al.) (Data from Keeling)
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GLOBAL CLIMATE CHANGE

AN EAST RooM ROUNDTABLE
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greenhouse gasa—prlmarlly carbon dioxide,

_methane, nitrous oxide and chlorofluoro- :
- carbons— is changlng the radiation balance of the
; planet. 'l‘he basic hent-trapping pmperty of these

The directcﬂ'ects‘ofclimate change will include
changes in temperature, precipitation, soil

" moisture and sea level. Such changes could have
~ adverse effects on ecological systems, human
+ health and socio-eeonomlc sectors.

-u

Hunmn-induced cllmaae change is a oomplex
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 are appmximatdy 6 gigatons
of carbon (GtC) per year. _'— :

Future greenhouse gas emissions are 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
are 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

I‘heEarﬂ\sclimateispmdictedtochangebecawse

The Greenhouse Effect

Some solar radiatio 1 Ofﬁl’l"frmw
O Nd Aaciaton radiaton

‘ ( is reflected by the Earth the m;::l.hm
and the atmosphere some is absorbed and
re-emitted in all directions
by greenhouse gas molecules.
The effect of this is to
warm the Earth’s surface and

the lower atmosphere.

8
e
>

Y

Y

Solar

radiation ATMOSPHERE
passes

TE——
through . JIr,.
the clear

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 (Wm?).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 clouds.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™ 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 is 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
(1.8-6.3°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



Observed Global Surface Air Temperature

Temperatures measured relative to 1951-1980 average.
1994 data is provisional.
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States and high latitudes are
than the global average, especially as

is expected to increase, much of the precipitation
may fall over the oceans.The models also suggest that

_decrease in soil moisture over some mid-latitude
regions during the summer.

Sea level is projected to increase by 15 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 1.08°F) since the late 19th century,
despite marked regional, seasonal and diurnal differences,
raising the decade global temperatures 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

(0.9°F) caused by the eruption of Mt. Pinatubo and simulated
by the models.

atmosphere has rebounded from the transient cooling of 0.5°C

Several 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 rainfall 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 timing, 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

Climate change poses threats to resources both domestically
and internationally. These threats could have significant, but
uncertain, socioeconomic consequences. 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 range 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:

Change

Current and Projected Ranges of Beech Trees in the U.S.

At the very extreme. within a centurv, climate change mav shift the optimum growing range for some
North Amenican lorest species more than three hundred miles to the north
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- Projected new growth

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-diseases
such as cholera and salmonellosis.

There will likely be increased risk of malaria and dengue fever
in the United States. Changing temperatures 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 hydropower, 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.



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 refugees 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 communities to migrate.

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

The most vulnerable forest resources are those in regions
subject to increased moisture stress, as in the dry continental
interiors.

Socio-Economic Analyses

Socio-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
policy analysis and development must carefully consider both
the potential costs of inaction in terms of impacts, as
described in the previous section, and the potential economic

Water Withdrawals and Consumption in the Conterminous .S,
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Missouri, Arkansas, Texas Gulf, Rio Grande, and Lower Colorado.

Consumptive use/Renewable water supply
Billions of gallons per day
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Sowrce: Solley. Pierce. and Periman 1993

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 when evaluated
using a variety of modeling frameworks. Several distinct
methodologies are among the tools available to assist policy-
makers in evaluating the potential costs 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 strengths and weaknesses, and none
by themselves can adequately portray the potential economic
impacts associated with reductions in greenhouse gas
emissions.

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

Source: Office of Science and Technology Policy, 1996
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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'%° F is likely by the
year 2100, although the change could be as low as 2 and as high as 6'2° 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 than it otherwise would be. (Figure 1: Greenhouse effect)
Water vapor, carbon dioxide (CO,, 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, CO,, the most important human-derived greenhouse gas, has increased 30%,
from 280 to 360 parts per million (Figure4: CO, 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 CO, levels and the global
temperature record. Fluctuations of CO, and temperature have closely mirrored each
other over the last 160,000 years. (Figure 5: CO, 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 CO,
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, wiil 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 Pane!l 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 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 lasi centuiy, global mean sea ievei
has risen 4 to 10 inchies (10 -25 cm). [Add text on permafrost.] (Figure 9: Permafrost
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 CO, 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 CO,
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
CO, 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: 2xCO, 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: 2xCO, reduction in soil
moisture)

But there is no indication that rising CO, 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 CO, 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: 4xCO, surface air warming and soil moisture
reduction)
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Y 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 CO, 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” CO, 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 $1C - $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 Colcrado.

« 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 CO,. 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 CO,
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 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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