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KEY POINT #2:

Non-CO, Greenhouse Gases Make the “Effective”
Atmospheric Concentration Higher.

Stabilizing CO2 at 550 ppm

ppmv CO qquivalent

e Other greenhouse gases, principally methane and nitrous oxides,
make the “effective” atmospheric concentrations about 20% higher
than carbon dioxide alone.

550 ppm is about two times pre-industrial carbon dioxide (CO,)
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KEY POINT #3:

Global CO, Emissions & Concentrations

* Concentrations
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oIf we continue on a Business-As-Usual (BAU) path (top 2 lines in
above figures), concentrations will double over the next few decades,
never achieving stabilization.

oStabilizing emissions will not stabilize concentrations.
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KEY POINT #4:

Annex I and Non-Annex I Fossil Fuel Carbon Emissions:
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eA Business-As-Usual path implies that over time the majority of
emissions will shift from developed to developing nations.
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KEY POINT #5:

Various Global Emissions and Concentration Paths
Concentrations
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eActions by Annex I alone are insufficient to achieve stabilization

eIn order to cap emissions at just under a doubling of pre-industrial
CO; levels, actions by Annex I countries need to be coupled with
actions by non-Annex I countries in the next few decades.
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KEY POINT #6:

Energy emission pathways and stabilization concentrations

2007 2013 2018 2023
2011 2033 2049 2062
8.0 9.7 11.4 12.5
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® The deflection date is the year in which emissions in the emissions stabilization trajectory first fall below BAU
i emissions by more than 0.1 PgC/yr.
MaximumPgC/yr fossil fuel carbon emissions. If other greenhouse gases are included, emissions would be
effectively 20% higher; thus, reductions would have to occur sooner than the deflection date noted to achieve
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eTo meet atmospheric concentrations of 450-750 ppm CO; requires
a significant reduction in annual emissions during the next century.

eFor example, to meet a target of 550 ppm CO,, the table shows that
global CO, emissions due to fossil fuel burning must begin to deflect
from the business-as-usual curve by 2013. In that scenario, energy-
related emissions would peak at 9.7 PgC/yr in 2033 and drop rapidly
thereafter. (Because of the other greenhouse gases, the effective
concentration would be about 650 ppm.)
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KEY POINT #7:

Fossil Fuel CO, Emissions for Two
650 ppm Stabilization Cases

14.0
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Non-Annex I Deflection Date BAU (Tech+) * 1991
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® The deflection date is the year in which emissions in the stabilization tmjectory first fall below BAU emissions by more than 0.1 PgClyr.
» fossil fuel carbon on the date carbon

o These 2 curves show two different paths to achieve stabilization at
CO; emissions of 650 ppm. The WRE line — estimated to be

less expensive — allows emissions to initially grow and then drop more
steeply as new technologies come online. For example, the developing
countries could emit 150 billion tons more carbon under the WRE
scenario.
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KEY POINT #8:
Annex I Fossil Fuel Carbon Emissions: BAU, 2.5%/Decade,
6 & 7.5%/Decade Reductions
6.0 L : / =
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1990 2010 2030 2050 2070 2090
2.5%/Mecade Case  assumes that Armex [ nations stabilize emissions at 1990 levels in 2010 and then reduce emissions at 2,5%/decade
through the vear 2100,

7.8%/Mecade Case  assumes that Annex [ natlons stabilize emissions at 1990 levels in 2010 and then reduce emissions at 7.5%/decade until
they are 50% of 1990 levels afler which time they are held constant,

Allowable Non-Annex I Emissions if Annex I Countries Stabilize then Reduce
Emissions: 450 ppm, 550 ppm & 650 ppm CO2 Ceilings

T
- upper lines in shaded regions are l
120 L the allowable emissions if Annex I -
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o If Annex I countries freeze emissions in 2010 and then reduce
steadily (upper chart), developing countries can continue on business-
as-usual paths for some time before reducing emissions (lower chart).
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KEY POINT #9:
Per Capita Carbon Emissions By Region: BAU
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*note: total carbon equivalent concentrations are about 20% higher because of non-CO2 greenhouse gases.

eAlthough they remain widely disparate, per capita emissions of
Annex I and non-Annex I countries begin to converge over time.
The top figure shows Business As Usual per capita emissions. The
lower figure shows per capita emissions under one policy scenario.
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KEY POINT #10:

The Relationship Between Technology and Minimum Cost ‘
of Stabilizing the Atmosphere Below Various Ceilings

Steady-State CO2 technology
Concentration (ppm)
Technology Assumption

e If a functional, cost-effective cap and trade system is in place, investments
in technology can greatly reduce global costs.
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Carbon Dioxide Concentrations

Air in Antarctic Ice Core Ailr at Mauna loa, HI

(Data from Neftel et al.) (Data 1rom Keeling)
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Global Average Temperature

Surface Air Jemperatures

(Data from J. Hansen et al.)




GLACIER SHRINKAGE IN GLACIER NATIONAL PARK
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TRENDS/ | OO YEARS

® 20%
® | O%
e 5%

Precipitation trends (1900-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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Potential Climate Change Impacts
| Health Impacts

Weather-related Mortality

Infectious Diseases
Air Quality-Respiratory Illnesses

&\ Agriculture Impacts
i Crop Yields
Climate Changes | | Irr?gpaliog Demands

Forest Impacts
Forest composition
Geographic range of forests
Forest health and productivity

Water Resource Impacts
Water supply
Water quality
Competition for water

Impacts on Coastal Areas

Erosion of beaches

Inundation of coastal lands

Additional costs to protect
coastal communities

Species and Natural Areas
Loss of habitat and species

% Temperature
- Precipitation

& & Sea Level Rise
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AGRICULTURAL RESOURCES: POTENTIAL CHANGE IN
GRAIN YIELD DUE TO DouBLED CO,




Changes in Agricultural Yields

Change in Wheat Yield SR Change in Corn Yield

Percent Change - | . S
s ' + 2.5°C; + 7% Precipitation

530 ppmv CO,

Source: Rosenzweig, 1995 & 8 _
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The US. water-resource regions most vilnerable to climate change are the Great Basin, California, Missouri,
Arkansas, Texas Gulf, Rio Grande, and Lower Colorade.

CONSUMPTIVE USE / RENEWABLE WATER SUPPLY
(BILLIONS OF GALLONS PER DAY)

Bl oo B 0-40% [ 40-100%




HUMAN HEALTH: HEAT-RELATED MORTALITY

RATES FOR 6 LARGE CITIES

B CURRENT

B 2°C Rise

B 4°C Rise

DEATH RATE PER | OO,000 POPULATION

MONTREAL NEW YORK TORONTO SHANGHAI GUANGZHOU CAIRO

SOURCE: STRZEPAK AND SMITH (| 995)



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

["New York City

Sources: Kalkstein and Green (1997);
Chestnut et al.(1995)

Note: Includes both summer and winter mortality.
Assumes full acclimation to changed climate. GFDA. Climate Change Scenario
Includes population growth. o



THE EFFECT OF CLIMATE CHANGE ON
WORLDWIDE MALARIA DISTRIBUTION

CURRENT ANNUAL MALARIA POTENTIAL TRANSMISSION
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CURRENT AND PROJECTED RANGES OF BEECH TREES IN THE
U.S. UNDER TWO MODEL SCENARIOS
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SURFACE AIR WARMING ( F)

axCOr

SourcE: GFDL R15 CLIMATE MODEL: CO. TRANSIENT EXPERIMENTS, YEARS 40 | -500







Some of the infrared

Some solar radiation radiation passes through

is reflected by the Earth the atmosphere, and

and the atmosphere. some is absorbed and
re-emitted in all directions
by greenhouse gas mulecules.
The effect of this is to
warm the Earth’s surface and
the lower atmosphere.

radiation
passes
through

the clear
atmosphere
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Observed Global Surface Air Temperature

Temperatures measured relative to 1951-1980 average.
1994 data is provisional.

Temperature Change { 'C)

Seurce: NASA Goddard Institute for Space Studies, New York

ions and would occur at a rate

any observed changes in the last
States and high latitudes are

than the global average, especially as
decreased.

) suggest that the rate of evaporation
ate warms, leading to an increase in
tion. Although precipitation at high
ncrease, much of the precipitation

e oceans.The models also suggest that
rainfall will increase and there will be
I moisture over some mid-latitude

g the summer.

d to increase by 15 to 95 centimeters (6 to
of the next century, due primarily to the

eliable than average global values, and it is
nate will become more variable. The
ological systems (droughts, floods,
quency of hot or cold spells, and the
¢ and pest outbreaks) could increase.

temperatures have increased between 0.3
(i8°F) since the late 19th century,

1, seasonal and diurnal differences,
temperatures to the highest level in

his century have all occurred since
mest year on record, suggesting the
nded from the transient cooling of 0.5°C
uption of Mt. Pinatubo and simulated

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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Land Surface Air and Sea Surface Temperatures, 1861-1994 (IPCC, 1995)



Projected Impacts of Climate Change

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 af the }“mb; of effects that may result from climate
change include:

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

At the very extreme, within a century, climate change may shift the optimum growing range for some
North American forest species more than three hundred miles to the north.

_ Current growth

Sonsrce: Adapted from Uiy and Zabinsiy 1992

- Projected new growth

Health

Human health will be adversely affected.
in the rate of heat-related mortality and
spread of vector-borne diseases such as ma
yellow fever and encephalitis and non-
such as cholera and salmonellosis.

pathogens.

Climate change may increase heat—stres%gn
in the very young and very old. .

Water Resources

Changes in precipitation and increased
higher temperatures can affect water s
quality, posing threats to hydropower, i
drinking water.

Floods are more likely because the freqt
rainfall is predicted to increase.

Droughts are likely to be more severe be:
temperatures increase evaporation rates and
drier soils during periods of little or no gram%

Climate change would be likely to add o the stress in s
United States river basins such as the Glgax Si i




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

sumption in the Contermi

The U.S. water-resource regions most vulnerable to climate change are the Great Basin, California,
Missouri, Arkansas, Texas Gulf, Rio Grande, and Lower Colorado.

o Lower
WV

Consumptive use/Renewable water supply

Billions of gallons per day

BE o0 1040 40100

Saurce: Solley, Pierce, and Perlman 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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