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What is the Cause of Climate Change?

The Global Carbon Cycle
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Source: NOAA , www.esrl.noaa.gov



What is the Cause of Climate Change?
Carbon Dioxide &
Other Heat Trapping Gases

World Energy-Related Carbon Dioxide Emissions
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How Is the Climate Changing?
Observed Temperature Changes

Jan-Dec Global Mean Temperature over Land & Ocean
0.8 [ | I 1 1 I 1 | | I 1 | I I | | | I | I 1 | | I 1 | I |

0.6 ]
0.4 ‘n‘
0.2+ |

o W

-0.2

|
0.6 =

'0-8 I | 1 I | | 1 | | | 1 | | I I | 1 I | | 1 | | 1 1 | 1 |
1880 1900 1920 1940 1960 1980 2000

NCDC/NESDIS/NOAA

Annual Average Global Surface Temperature Anomalies
1880-2006

8 of the 10 warmest years on record have occurred since 2001

(@ Anomaly (°C) relative to 1901-2000
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How Is the Climate Changing?
Projected Temperature Change
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 likely to be in the range of 2° t0 4.5°C (3.6° — 8.1° F)
* best estimate about 3° C,
* very unlikely to be less than 1.5°C




Climate Change and the
EPA National Water Program

A changing climate in
the years ahead will ——
raise new challenges for Zi& & .
protecting and
improving the quality of
the Nation’s waters.




Why Does Climate Change Matter to
Water Program Managers?

HYDROELECTRIC POWER

Temperature change drives Ftooos
other changes in natural
environmental processes
that in turn affect the
guality and quantity of our
water resources.

SNOWPACK

RIVER FLOW

Steps taken to reduce the
release of greenhouse
gases may have
consequences for water
resources and programs.
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WATER QUALITY
WATER USE

Source: California — Department of Water Resources. Climate 9
Change in California Fact Sheet.



Water-Related Effects of
Climate Change

ZUses

Source: NOAA, www.katrina.noaa.gov

Increases in

tropical storm intensity
Source: NASA Earth Observatory, based on
IPCC Fourth Assessment Report
(2007)

Warmer water

Source: Maps of Lands Vulnerable to

Sea Level Rise as found in
EPA 2008u

Sea level rise

Source: USEPA, www.epa.gov/cre
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The Effect on Water Resources
Air & Water Temperature Increases

Annual Mean Temperature Anomalies
1901-2005
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The Effect on Water Resources
Water Temperature Increases

Changes in the
distribution and survival
of aquatic species

Oxygen Level

.
L

Temperature

Lower dissolved
oxygen levels
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Precipitation Changes

The Effect on Water Resources

Annual average precipitation is
expected to increase in the
northeast and decrease in the
southeast

Greater variation in
precipitation, including more
iIntense drought and extreme
rainfall events

More precipitation falling as
rain instead of snow, resulting
in changes in the amount of
sSnow cover

Changes in size and location of
waterbodies and wetlands
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Annual Precipitation Trends 1901-2005
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The Effect on Water Resources
Precipitation Changes

Water quantity

« Reduced ground water and surface
water supply in some areas

« Reduced reliability of snow pack as
a water ,reservoir

* Increased water demand due to
higher temperatures

Water quality

* Increased runoff resulting in
erosion and sedimentation

 Overwhelmed water

infrastructure due to flooding in----g,;ucture

whelmed
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The Effect on Water Resources
Increases in Storm Intensity

Warming air and sea surface
temperatures are expected
to result in greater intensity
of tropical storms,
accompanied by:

e Stronger peak winds

Intensified hurricanes and
tropical storms

¢ Increased rainfall

e |Larger storm surges
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The Effect on Water Resources
Increases in Storm Intensity

Flooded Wastewater High wind damage
Treatment Plant




The Effect on Water Resources
Sea Level Rise

“Sea levels are
rising worldwide
and along much of

the U.S. coast.”
- IPCC, 2007

U.S. Sea Level Trends
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Source: Monthly and Annual Mean Sea Level
Station Files from the Permanent Service
for Mean Sea Level (PSMSL) at the
Proudman Oceanographic Laboratory
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The Effect on Water Resources
Sea Level Rise

Displacement of coastal
wetlands and habitat

Increased coastal erosion

Salt water intrusion in
drinking water supplies

Inundation of wastewater
treatment infrastructure
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The Effect on Water Resources
Ocean and Costal Changes

Biological habitat
changes are expected
In the oceans as the air
temperatures increase:

. Estuarine waters become
more saline as sea levels
rise

* Ocean temperatures
Increase

 (Qcean acidification
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What Is the Relationship Between Energy,
Water Resources and Climate Change?

Reduced water flows could limit
hydropower and power plant cooling

Geological sequestration of CO, from
coal-fired power plants could pose a
risk to underground sources of
drinking water

Demand for biofuels could lead to
Increased agricultural nutrient runoff

Water collection, treatment and
distribution accounts for 4% of
energy use in the U.S.

Coal-fired electric
power plant
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But do we know enough
to take action now?

* Global Circulation Models (GCMs)

— grid cells of typically 100+ kilometers across

— simulate large geographic areas and timescales
better than smaller areas and timescales

— simulate temperature better than precipitation

— precipitation is better modeled over large geographic
areas than small areas

 “Uncertainty” is with local-scale projections

* Meaning: we must adopt risk management

approaches that don’'t assume ,stationarity’
21
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Impacts Relative to Temperature Change

5%

Increased water availability in meoist tropics and high latitudes == - - - — —-— - - e e - - = -

WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes e e o e
Hundreds of millions of people exposed to increased water stress - on on oo o oo oo on oo oo on = == ==
Up to 20% of species at Significant’ extinctions ajs
increasing risk of extinction around the globe
Increased coral bleaching = Most corals bleached ————idespread coral mortality e e e e . . - - -
Terrestrial biosphere tends toward a net carbon source as:
ECOSYSTEMS w1 5% ~40% of ecosystemns affected =
Increasing species range shifts and wildfire risk
Ecosystem changes due to weakening of the meridional o e
overturning circulation
Complex, localised negative impacts on small holders, subsistence farmers and fishers = o - - - - - .- -
Tendencies for cereal productivity Productivity of all cereals m e i
FOOD to decrease in low latitudes decreases in low latitudes
Tendencies for some cereal productivity Cereal productivity to
to increase at mid- to high latitudes decrease in some regions
Increased damage from floods and storms - e e - . - - - - — o o e e e -
About 30% of
global coastal = e o - - - ——— -
COASTS wetlands lost
Millions more people could experience o o o - - - - - i
coastal flooding each year
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases == = -
Increased maorbidity and mortality from heat waves, floods, and droughts = - - - - .- .- - - - - -
HEALTH

Changed distribution of some disease vectors = == mm - - - - == - == == s S S s s e Em e e

Substantial burden on health services = . -

1 2 3 4 27
Global mean annual temperature change relative to 1380-1999 (°C)
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