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Preindustrial 

       Today 

Source: Brook, E., 2005:  Tiny bubbles tell all, Science, 310, 1285-1287. 

Greenhouse 
gases are now 
higher than any 
time in the past 
650,000 years. 



The Climate Ahead: 
Global Change, Local Impacts 

sTe
4 

Temperature 

288 K 255 K 

Temperature 

288 K 255 K 

temperature 
increases 

sTe
4 

more greenhouse gases 
↓ 

infrared opacity increases 
↓ 

effective radiating level rises 

effective radiating level 

effective radiating level 

s(Te-ΔT)4 



The Climate Ahead: 
Global Change, Local Impacts 



The Climate Ahead: 
Global Change, Local Impacts 



The Climate Ahead: 
Global Change, Local Impacts 

Northern Hemisphere Temperature Reconstructions 

“It can be said with a high level of confidence that global mean surface temperature 
was higher during the last few decades of the 20th century than during any comparable 
period during the preceding four centuries” 
“…the committee finds it plausible that the Northern Hemisphere was warmer during the 
last few decades of the 20th century than during any comparable period over the 
preceding millennium.”    National Research Council 
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Temperature Indicators 
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Projecting Future Climate 

Scenarios of 
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greenhouse 
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aerosol 

precursors 
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Coupled Climate Model Schematic 



The Climate Ahead: 
Global Change, Local Impacts 

Future Emissions Scenarios 



The Climate Ahead: 
Global Change, Local Impacts 

Variations among colored bars 
represents uncertainty due to 
uncertainty in future emissions. 

Height of each colored bar 
represents variations among 
different climate models. 
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Annual mean temperature change 
(2071-2100) minus (1961-1990), °C 

Source: IPCC Working Group I (2001) 
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Potential Climate Change Impacts 
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©Craig Haveman 

Coastal Environment 

Water Resources 
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Why Is Global Sea Level Rising? 

Thermal Expansion: 

Warmer water is less dense 
than colder water. 

The ocean has been gaining heat. 
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Why Is Global Sea Level Rising? 

Melting Glaciers and Ice 
Caps: 

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

Source: Roger Braithwaite, Univ. of Reading 
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Changes in Glacier Mass 
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Sea Level Trends in New Jersey 

Source: National Oceanic and Atmospheric Administration 

Atlantic City, NJ 
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Effects of Sea Level Rise on the Coastal 
Environment 

Source: Cooper et al. “Future Sea Level Rise and the New Jersey Coast”, Princeton University 

Land area susceptible 
to inundation 

Land area susceptible 
to coastal flooding 

50% probability of 0.61 
m SL rise by 2100 
 
1% probability of 1.22 
m SL rise by 2100 
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Impact on Coastal Flooding 
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If sea level rises by 0.61 m by the end of 

the century, the same water level would 

have a return period of ~10 years, and a 

storm like the 1944 hurricane would 

produce a water level of ~10.3 ft. 

If the same storm happened today, the 

water level would reach ~8.2 ft. With 

today’s sea level, the return period for 

this water level is ~45 years.  

Highest water level recorded by 

Atlantic City tide gauge: ~7.6 ft. above 

NDVD during Sept. 1944 hurricane. 

Source: Cooper et al. “Future Sea Level Rise and the New Jersey Coast”, Princeton University 
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“Ash Wednesday Storm” 

Harvey Cedars, March 1962 
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Are Intense Hurricanes Becoming More Frequent? 

Source: Webster et al., Science, 16 September 2005 

Warning: The direction of this trend is consistent with theory and 
modeling, but the magnitude appears to be larger. 
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Effects of Climate Change on Water Resources:  
Floods and Droughts? 

Cannonsville Reservoir, Dec. 2001 

Delaware River, Sept. 2004 

Easton-Phillipsburg Bridge 
June 2006 
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Discharge at Flood Stage 
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Discharge at Flood Stage 
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Global Warming and the Hydrologic Cycle 

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

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

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

• Thus as the earth warms, both evaporation and 
precipitation will increase. 
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Annual mean rainfall rate change 
(2071-2100) minus (1961-1990), mm/day 

Source: IPCC Working Group I (2001) 
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Global CO2 Emissions 
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Future Emissions Scenarios 

All scenarios show 
increasing emissions 
during next several 
decades 

Some scenarios show 
decreased emissions 
in latter half of 21st 
century 

Even with a reduced growth 
rate of emissions and their 
reduction later in this 
century, CO2 would rise to 2x 
preindustrial levels 
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Opinion Survey: Is There Evidence That 
Earth Is Warming? 

Yes, solid evidence 70% 

     Due to human activity 41% 

     Due to natural patterns 21% 

     Don’t know 8% 

No, no solid evidence 20% 

Don’t know 10% 

Source: Pew Research Center for the People and the Press, June 2006 
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Global Warming Not A Top Priority 

“Despite widespread agreement among survey 
respondents that there is solid evidence that global 
warming is happening, and in a broad sense that its 
effects can be mitigated, dealing with global warming 
remains a relatively low priority for the American public. 
Asked to rate the importance of various issues, 44% rate 
global warming as “very important.” This is among 
the lowest of 19 issues tested, including top-ranked 
education (82% very important), the economy 
(80%) and health care (79%).” 

Source: Pew Research Center for the People and the Press, June 2006 
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Psychological Barriers? 

• Climate change is not the result of malevolence. 

• Climate change does not violate our moral 
sensibilities. 

• Climate change is perceived as a future rather 
than an immediate threat. 

• Climate change proceeds gradually. 

Source: Daniel Gilbert, Harvard University, Los Angeles Times, July 2006 
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Controversy and Politics? 

• Time/ABC News/Stanford Univ. poll (March 2006) found 
that 64% of those surveyed think that scientists disagree 
about global warming. 

• The same poll found interesting trends when the results 
were classified by political party affiliation. 

Are you sure that 
global warming is 

happening? 
1998 2006 

Democrats 39% 46% 

Independents 31% 45% 

Republicans 31% 26% 
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More Warming in the Pipeline 

Warming to date 

Additional “zero-emission” 
warming (aka “commitment”) 

? 
Future emissions 
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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 details 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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Rutgers: “One-Stop Shopping” 

• Research: Expertise in a broad range of 
disciplines relevant to understanding global 
climate change and its effects on the 
environment and society. 

• Education: Undergraduate and graduate 
programs in most climate change-related 
disciplines; potential for strong interdisciplinary 
programs. 

• Outreach: Extension service; public speakers on 
climate change and related issues. 
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The Global Warming Dilemma (Mahlman, 2002) 

“There are no quick policy fixes, nationally or globally.  If we 
don't begin to chip away at the problem soon, it is very likely 
that serious consequences will be wired in for the world of our 
great-grandchildren and for their great-grandchildren.... 
 
The long time scales and robustness of the problem almost 
guarantees that our descendants in the 22nd century will, with 
historical perspective, see that we were actually confronted 
with a major planet-scale stewardship/ management problem. 
 
They will most assuredly note how we responded, or 
how we did not respond to the problem.” 


