


1A. Ignore the 
problem 

1B. Call it Natural 
Variability 

1C. Focus 
Attention on 
Alternative 
Possibilities 

1D. Insist on 
Certainty while 
Saying  It Is Too 

Costly to Act 

2A. Focus on 
Research 

2B. Intensify 
the Research 

2C. Do Even 
More Research 

3A. Plan to 
Adapt 

3C. Suffer the 
consequences 

3B. Assert the 
Consequences 
Are Far Off and 
Will Only Affect 

Others 4A. Plan to 
Mitigate 

4B. Delay While 
Waiting for Others 

to Lead 

4C. Finally Start to 
Act, But Slowly 

5A. Investigate 
Geoengineering 

5B. Have to Resort to 
Geoengineering 



Source: GISS, 2006 



23 of the 24 warmest years since records 
began in 1850 have occurred since 1980! 

About 0.8 oC  
over 85 years 





Natural Plus 
Anthropogenic


Natural Only


NCAR Climate Simulations 

The models reasonably represent climate change  
over the last 100 years, when the effects of  

both natural and human forcings are included 

(Black) 
(Blue) 

(Red) 



The model results 
appear as a band 
because (1) the 
results are for 
multiple models, and 
(2) the model 
simulations account 
for the natural 
variability of the 
climate, unlike the 
observations which, 
although averaged 
over a decade, 
represent a single 
pass through climatic 
history. Observations 
also include biases 
due to changing 
spatial coverage and 
measurement errors. 

IPCC, 2007 



“The balance of 
evidence suggests a 
discernible human 
influence on global 

climate” 

“There is new and 
stronger evidence that 
most of the warming 

observed over the last 
50 years is attributable 

to human activities” 

IPCC

CLIMATE CHANGE 2007

Available at www.ipcc.ch and 
Cambridge University Press


“Warming of the 
climate system is 

unequivocal….Most of 
the observed increase 
in globally-averaged 

temperatures since the 
mid-20th century is very 

likely due to the 
observed increase in 

anthropogenic 
greenhouse gas 
concentrations.” 



Low scenario 
Medium scenario 
High scenario 

1.8oC 

2.8oC 

3.4oC 



Prather diagram




Carbon Dioxide and 
Climate Changes 

Sea Level Rise 

Temperature 

Precipitation 

CO2 and GHGs 



47 of 49 different model 
climate simulations project 
substantial drought for the 
southwestern U.S. by 2100 

Reported by Seager et al., Science, 2007 



Lightning damage 

Flood 
losses 

Fires and ecological 
disaster 

Structural  
damage 

Wind  
damage 













The Greenland Ice 
Sheet Dominates Land 

Ice in the Arctic  

Over the past two decades, the 
melt area on the Greenland ice 
sheet has increased on average 

by about 0.7%/year (or about 
16% from 1979 to 2002).  

There is preliminary 
paleoclimatic evidence 

suggesting the Eemian sea 
level rise of a few meters 

occurred over a few centuries 
with rapid melting of about half 

of the Greenland ice Sheet. 
Source: Business Week Aug. 2004 



Average rate of sea level rise: 

1961 – 2003: 1.8 mm /yr 

1993 – 2003: 3.1 mm /yr 



0 1 6 7

 Medium scenario (A1B) by year 2100
(from current models)

 Potential at equilibrium for 2 x CO2 world
(numbers indicative, may take millennia)

Sea Level Rise (m)

Glaciers and small ice caps 
(total amount 0.15 – 0.72 m) 

Thermal expansion 
(0.2 – 0.6 m per oC) 

Greenland Ice Sheet 
(becomes unsustainable 
somewhere between 1.9 - 4.8oC) 

Some to all? West Antarctic Ice Sheet 
East 

Antarctica?? 





Contrary to the prevailing view, 
much of the Greenland Ice Sheet in 
interior areas is grounded below 
sea level (the land has been 
depressed by the ice), so ocean 
waters can carry heat underneath 
and help lift the ice sheet. 

In addition, fjords connect the ice 
sheet to the surrounding seas 
along the west and northern 
coasts, enabling more rapid 
movement of the ice from the 
interior to the ocean Blue colors are 

sea level or 
below 

Source: Konrad Steffen, NSIDC data 











Pacific Northwest National Laboratory 
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P.S.--And the explanations of the need for the US to withdraw 
have been very poorly explained, hurting the US image 
abroad and confusing policy development here in the US.






CO2-eq of 375 ppm 
for net human activities 

Offset cooling by 
aerosols is removed 

within weeks of emission 

CO2-eq is really 455 ppm 
for long lived  

greenhouse gases 

Adding short-lived gases 
worsens the situation 

(CCSP report 3.2--2008) 















CO2 radiative forcing 
from a CO2 doubling (W / m2)


Radiative forcing from 1.8% reduction  
in solar intensity (W / m2)


Govindasamy and Caldeira, GRL, 2000




2 x CO2 

2 x CO2  
and 
1.8% reduction in 
solar intensity 

Caldeira and Wood, 2008 0 2 4 6 -6 -4 -2 
ºC 



2 x CO2 
(Significant over 47 % of 
Earth’s area) 

2 x CO2  
and 
1.8% reduction in 
solar intensity 
(Significant over 4 % of 
Earth’s area) 

Caldeira et al., in prep, 2007 
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Hoffert et al., 2002


(or about 
1.5M km 
or 1M mi) 





T Alipalo/UNEP/Topham  



Modified from original by Lowell Wood 













From Glantz, after Kellogg & Schneider 

REDIRECTING AGULHAS 
CURRENT 

TOWING 
ICEBERGS 

CREATE THERMAL 
MOUNTAINS 

HYDROPOLE 

TOW ICEBERGS 

Damming the 
Med 

South-North 
water 
diversions in 
China 



From Glantz 



Access to the region will increase, leading to 
sovereignty claims and challenges for ensuring 

safety and environmental quality 
Adverse impacts on Arctic ecosystems 

and species (e.g., polar bear) 

Sea ice loss allows increased coastal 
erosion, which will force relocation 

of about 150 Indigenous 
communities 

Melting of permafrost weakens soils 
and foundations for buildings and 

pipelines 



Two cases: 

•  Geo61.10 reduces solar radiation 
poleward of 61°N by 10% 

•  Geo71.25 reduces solar radiation 
poleward of 71ºN by 25% 

Both have the effect of reducing incoming 
global radiation by 0.37% (about 20% of 
the global offset for CO2 doubling) 

Suggestion of MacCracken at DOE, 2001 workshop 



Temperature change (ºC) Caldeira and Wood, 2008 
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Caldeira and Wood, 2008 Temperature change (ºC) 
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Caldeira and Wood, 2008 




















