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Combustion of fossil fuels (coal, petroleum, natural gas) emits
carbon dioxide into the atmosphere
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Source: Carbon Dioxide Information Analysis Center, U.S. Dept. Of Energy



About half of the CO, remains in the atmosphere; most of the
remainder goes into the ocean (causing ocean acidification)
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Basic physics of CO, and climate

The earth receives energy from the sun, mainly in the form
of visible light.

The earth also emits energy in the form of infrared light.
This is the earth’s cooling mechanism that balances the
heating from the sun’s visible light.

CO, and water vapor are greenhouse gases that absorb
infrared light, making it more difficult for energy to escape
into space.

Increasing amounts of greenhouse gases disrupt the
balance between heating from the sun and cooling by
infrared emission, causing the earth to warm.
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Increasing CO, heats the earth; global temperatures have

risen by about 1.5°F during the past century
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Simulating Future Climate Change

NOAA GFDL CM2.1 MODEL
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Source: NOAA Geophysical Fluid Dynamics Laboratory
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Potential Climate Change Impacts
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Sea Level Rise
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Morteratsch Glacier, 2007




Why Is

e Thermal

Global Sea Level Rising?

expansion of ocean

Warmer water is less dense than colder water.
e Melting of mountain glaciers and ice caps

Water rel

eased by the melting of ice on land adds to the volume of

the oceans.

e Melting and calving of Greenland and Antarctic ice sheets

Depends on ice sheet dynamics (how the ice flows).
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Hydrologic
Extremes
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Delaware River
Number of flood events at Trenton
(stage > 15.65 ft) per 10-year period

® Mumber of flood events at Trenton
(stage > 15.65 ft)

Is this apparent trend due to global warming?

There is not enough evidence to know, but
global warming may have similar effects.
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Source: U. S. Geological Survey, personal communication
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FiG. 4. Percentage of the dry day episodes with 1-month or
longer duration during the warm season during the past 40 yr area
averaged over the eastern United States. Linear trend (dashed
line: 1.1% per 40 yr) 1s statistically significant at the 0.05 level.

Source: 6roisman and Knight, J. /imate, 2008
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Projected Changes in the Water Cycle

Hotter/Drier Conditions (Interior West Hotter/Wetter Conditions (NE and Coasts)

he Atlmosphere Causes More Evaporation A Warmer Aimosphere Holds More Water Vapor, Which 1S

apping

The water cycle exhibits many changes as the Earth warms. Wet and dry areas respond differently. NOAA/NCDC

Source: U.S. Global Change Research Program
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Human Health
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Number of Days Over 100°F
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The number of days in which the temperature exceeds
100°F by late this century, compared to the 1960s and
1970s, is projected to increase strongly across the
United States. For example, parts of Texas that recently
experienced about 10 to 20 days per year over |100°F are
expected to experience more than 100 days per year in
which the temperature exceeds 100°F by the end of the
century under the higher emissions scenario.”

Temperature and Ozone
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The graphs illustrate the observed association between ground-level
ozone (a component of smog) concentration in parts per billion (ppb)
and temperature in Atlanta and New York City (May to October 1988
to 1990).2” The projected higher temperatures across the United
States in this century are likely to increase the occurrence of high
ozone concentrations, although this will also depend on emissions of
ozone precursors and meteorological factors. Ground-level ozone
can exacerbate respiratory diseases and cause short-term reductions
in lung function.

Source: U.S. Global Change Research Program
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Projected Change in Ground-Level Ozone, 2090s
Lower Emissions Scenario® Higher Emissions Scenario®
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The maps show projected changes in ground-level ozone (a component of smog) for the 2090s, averaged over the sum-
mer months (June through August), relative to 1996-2000, under lower and higher emissions scenarios, which include
both greenhouse gases and emissions that lead to ozone formation (some of which decrease under the lower emissions
scenario).” By themselves, higher temperatures and other projected climate changes would increase ozone levels under
both scenarios. However, the maps indicate that future projections of ozone depend heavily on emissions, with the higher
emissions scenario’ increasing ozone by large amounts, while the lower emissions scenario® results in an overall decrease
in ground-level ozone by the end of the century.”’

Source: U.S. Global Change Research Program
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Agriculture

Chilling requirements for cranberries and
blueberries would not be met in most
winters by mid-century—an indicator of
substantial risk to sustained crop production.
(Source: NECIA)
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Climate science efforts heat up at A D. Makepeace in Wareham

Brook and bog sites are new testing grounds
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WAREHAM — Red Brook and Century Bog on the Wareham-Plymouth
border are now home to research on climate change.

The brook and bog, which are owned by 4.D. Makepeace, will be the
testing grounds for experiments and new farming techniques to
overcome the effects of climate change in Southeastern Massachusetts.

They will also help researchers learn how climate change will affect
ecological restoration, and conservation, officials said.

A conference was held at Makepeace’s Tihonet Village Market recently
to address the future of conservation with state Sen. Marc Pacheco,
D-Taunton, and researchers from the Manomet Center for Conservation
Sciences, and the Mass. Department of Fish and Game.

Hector Galbraith, from the Manomet Center for Conservation Sciences,
said the research goal at Red Brook is to lead the way in addressing
global warming. “Hopefully, Red Brook will be the source of inspiration
for the rest of the country in five years,” Galbraith said.

The climate is already changing in Massachusetts, according to data
collected during the past 100 years. In the last 5o years the annual
average temperature of the state has increased by about 1.6 degrees
Fahrenheit, and the rate of warming has also accelerated, along with
precipitation and rising sea levels, officials at the conference said. The
sea levels are changing due to heat-induced expansion of the ocean
water, and melting glaciers and icecaps, they said.

Pacheco said, “We are not talking about potential global warming and
Wicked Local photo/&shleigh Bennett  Purchase this photo pOtential climate Change' Thisisa reality’ and it is here right now.”

Source: Wareham Courier, Wareham, MA



Adaptation vs. Mitigation: A False Choice

Global surface warming (°F)
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ADAPTATION TO CLIMATE CHANGE ing.” More concisely, climatologist Bruce
Hewitson of the University of Cape Town in

Ti me to Ada pt to a Wa rm ing World' South Africa said that a result is actionable

science if you would spend your own money

But Where's the Sci ?
Ut e re S t e C I e nC e M Behar said he finds the uncertainties sur-

rounding actionable climate information

With dangerous global warming seemingly inevitable, users of climate information—  “fairly overwhelming” these days. And he’s
from water utilities to international aid workers—are turning to climate scientists for having trouble coming up with intermedi-
guidan(e_ But usable know[edge is in short supp[y aries between users and scientists who can

at least put the uncertainties into persnec-

25 NOVEMBER 2011 VOL 334 SCIENCE www.sciencemag.org
Published by AAAS



Some challenges of adaptation planning

e “Actionable” science is nheeded—processed information that can be
readily used by engineers, planners, decision makers.

e Spatial scales are mismatched—Ilocal information is desired for
planning but climate projections are most valid on larger scales.

e Uncertainties will remain, requiring a risk assessment approach.

e Known unknowns: How will nor’easters, hurricanes, severe storms
respond? Are there “tipping points” in the climate system?

e More effective communication between climate research
community and potential users of climate information is required.



