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Questions About Climate Change

e How has the climate changed In the past?

e How Is the climate expected to change In
the future?

« How will climate change affect sea level
and hydrology?

e How can we meet the challenges of
climate change?
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1900-2005 Surface Temperature Change (°C) 61
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Change of surface temperature index based on local linear trends
using surface air temperature over land and SST over ocean.

Sources; Hansen et al,, JGR, 106, 23847, 2001; Revnolds and smith, J. Climate, 7, 1994, Rayner et
al.,, JGR, 108, 2003,
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Temperature Indicators

2 b R ** N.H. Spring snow cover extent: since
* : , 1987, 10% below 1966-86 mean
19890s warmest decade of the millennium p; Ll

and 1998 warmest year for at least the N.H.

** marine air temperature: 0.4 to 0.7°C
increase since late-19th century
b b b 4 b b 4 b 4 b A 4 b & C@@%

P of _ * massive retreat of mountain glaciaers
sea surace t_emperﬂtur_e. during 20th century * Arctic sea ice: summer
0.4 to 0.8°C increase since * e thickress decreasa of 40%
the late 19th century. _Iand nlght time air temperature _ ;
increasing at twice the rate of daytime and 10 to 15% decrease in
* global ocean (to 300m depth) 2 temperatures since 1950 extent during spring and
heat content increase since 1950s lake and river ice retreat at mid and high -ﬂumr‘llmr since
equal to 0.04°C / decade latitudes since the late 19th century (2 week e
decrease in ice duration) 7 Antarctic sea ice;
**% |and air temperatures: 0.4 to 0.89C no significant change
increase since late 19th century =ince 1978

*** Virtually certain (probability > 99%)
o ; ** Very likely (probability > 90% but < 99%)
Likslihood: * Likely (probability > 66% but < 90%)
? Medium likelihood (probability > 33% but < §6%)
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Questions About Climate Change

e How Is the climate expected to change In
the future?
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Coupled Climate Model Schematic
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Future Climate Forcing Scenarios

(a) CO» emissions (b) CO2» concentrations
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Temperature change (°C)
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Change in temperature relative to model's global mean
605 - Much greater than average warming e
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II Inconsistent magnitude of warming JJA
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Annual mean temperature change
(2071-2100) minus (1961-1990), °C
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Questions About Climate Change

 How will climate change affect sea level
and hydrology?
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Why Will Sea Level Rise?

QOCEAN HEAT CONTENT (10%J)
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Why Will Sea Level Rise?

LI B s e L e e B By s

Hansbreen, Svalbard

Paierl, Svalbard

Storglacidren, Sweden
Engabreen, Norway

Melting Glaciers and Ice
Caps:

Nigardsbreen, Norway

Leirufjardarjokull, Iceland

Vatnajokull, lceland
Tsoloss, Canadian Rockies

Wedgemount, Canadian Rockies

U.Grindelwald, Switzerland

Length (unit is 1 km)

Water released by the
melting of ice on land
adds to the volume of
the oceans.

Gl. d'Argentiére, France

Hintereisferner, Austria
Rhonegletscher, Switzerland

Chungpar-Tash., Karakorum
Minapin, Karakorum

Lewis Gl., Kenya

Broggi Uruashraju, Peru

Meren Gl., Irian Jaya

Pared Sur, Chile
Franz-Josef GL, New Zealand

| ]
1500 1600 1700 1800 1900 2000 Year AD

Aronme
QS g,

THE STATE UNIVERSITY OF NEW JERSEY

dironmental
Sciences
Rutgers University




Surface Melt on Greenland

Melt descending
into a moulin,

a vertical shaft
carrying water
to ice sheet base,

Source; Roger Brathwaite,
Liniversity of Reading (LK)
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Future Global Sea Level Projections

Sea level rise (M)
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Effects of Sea Level Rise on the Coastal

Environment
o Land area susceptible /" Land area susceptible
/ /,_toinundation /1o coastal flooding
A D B Al

- Below 0.61 m

B o6im-122m
Above 1.22 m

80 km

B Below290m
B 290m-350m

D Above 3.50 m
80 km

from M. D. Beevers, Princeton University
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Effects of Climate Change on Hydrology:
Floods and Droughts?

Cannonsville Reservoir, Dec. 2001
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USGS

USGS 01463500 DELAWARE RIVER AT TRENTON NJ
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Global Warming and the Hydrologic Cycle

e The downward flux of radiative energy (i.e., sunlight and
Infrared radiation) at the surface is balanced by
evaporation and sensible heating.

e |If the downward flux of energy increases, then
evaporation will increase.

e On a global basis, evaporation and precipitation must
balance.

e Thus as the earth warms, both evaporation and
precipitation will increase.
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Hypothetical Weekly Water Balance
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Questions About Climate Change

e How can we meet the challenges of
climate change?
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Global CO, Emissions
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2004 Portions of CO, Emissions

Chine
16.7%

Russia
India

Japan 4.5% . Ships/Air
3%

21.4

Fossil Fuel CO, emissions by source country in 2004.

Source; Hansen et al, J. Geophvs, Res., to be submitted
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Future Climate Scenarios

(a) CO» emissions

(b) CO2» concentrations
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Managing Climate Change

Mitigation: Reduce emissions of carbon dioxide
and other greenhouse gases.

Adaptation: Increase the resilience of society to
climate change.

Knowledge: Develop a better understanding of
the detalls of future climate change.

Leadership: Raise public awareness of the
challenges posed by climate change and the
need to mitigate and adapt.
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(b) Micrograph of ice core

Copyright © 2005 Pearson Education, Inc., publishing as Benjamin Cummings

Brook, E., 2005:

Tiny bubbles tell

all, Science, 310,
1285-1287.
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The long view. The greenhouse gas (CO,, CH,, and NO,) and deuterium (8D) records
for the past 650,000 years from EPICA Dome C and other ice cores, with marine iso-
tope stage correlations (labeled at lower right) for stages 11 to 16 (2, 3). 8D, a proxy
for air temperature, is the deuterium/hydrogen ratio of the ice, expressed as a per mil
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warmer conditions. Data for the past 200 years from other ice core records (20-22)
and direct atmospheric measurements at the South Pole (23, 24) are also included.
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Departures in temperature in °C (from the 1990 value)
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Are Intense Hurricanes Becoming More
Frequent?

A Number of intense hurricanes B Percentage of intense hurricanes
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Potential Climate Change Impacts

Health Impacts
Weather-related Mortality
Infectious Diseases
Air Quality-Respiratory Illnesses

Agriculture Impacts -

. - | Crop Yields
Climate Changes rF  lmigation Demands

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

Water Resource Impacts
Water supply

. Water quality
Sea Level Rise - Competition for water

Impacts on Coastal Areas

Erosion of beaches

Inundation of coastal lands

Additional costs to protect
coastal communities

B Species and Natural Areas
) Loss of habitat and species

Temperature:

Precipitation
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Climate Change and the Coastal Environment
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Storm Surge Raises Water Levels
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2005 Atlantic Hurricane Season

Tropical Storm Tracks _ Year 2005

il

EMILY

THE STATE UNIVERSITY OF NEW JERSEY

Environmental
Sciences
. Rutgers University

27 named tropical storms
(all-time record)

* 15 hurricanes (all-time
record)

* 7 major hurricanes

» 3 category-five hurricanes
(Katrina, Rita, Wilma)

- Lowest barometric pressure
ever measured in an Atlantic
hurricane (Hurricane Wilma:
882 mb)




News Focus

servoir: mountain snow

West Goes Dry

Dangerous consequences. Over the next cen-
tury, larger winter and spring runoffs from
melting snow are expected to increase flood-
ing and catastrophic wildfires.
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lat even moderate warming will dras-
1e Oregon and Washington Cascades.



