
Seasonal Cycle of Temperature Changes:  
“2080-2099” minus “1980-1999” 

Scenario A1B!

Stippling is where the multimodel average change exceeds the standard deviation of the models!

More warming in winter than summer (esp. in NH) 

IPCC AR4, Fig 10.9 
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Projected Annual Average Precipitation:  
“2080-2099” minus “1980-1999” 

Scenario A1B!

Stippling is where the multimodel average change exceeds the standard deviation of the models!

There is a robust drying of the subtropics, 20-35N&S. 

Projected Soil Moisture Change:  
“2080-2099” minus “1980-1999” 

Percent Change 

Scenario A1B!

Changes in Cloudiness and the Diurnal Cycle in 
Temperature!

Most models show 
increasing clouds in 
high latitudes (cooling 
negative feedback) and 
less clouds in tropics 
 
 
 
 
Most models show 
more warming at night 
than during day (a 
decrease in the diurnal 
temperature range) 

IPCC AR4, Fig 10.10,11 

Cloudiness Change 

Scenario A1B!

Diurnal Temperature Change 



Changes in North American Climate:  
2100 minus 2000 AD 

IPCC 2007  Fig 11 
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Changes in North American Climate:  
2100 minus 2000 AD 

Scenario A1B IPCC 2007  Fig 12 
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Projected Sea Level Rise: All sources 
“2080-2100” minus “1980-2000” 

IPCC AR4, Fig 10.33 

The total assumes no dynamical imbalance in the 
Antarctic or Greenland ice sheets.  

For reference, 
the  sea level 
rise from 1961 
to 2003 was 
7.6cm (3 in)  



Sea Ice Thickness Sea Ice Thickness 

Projected Sea Ice Extent  
“2080-2100” minus “1980-2000” 

IPCC AR4, Fig 10.13 Sea Ice Covered: when 15% of your neighborhood is covered by sea ice!

Largest decreases in northern hemisphere 
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Projected Hydrologic Changes:  
“2080-2099” minus “1980-1999” 

Scenario A1B!



More Extreme Events? 

•  Increase in hurricane intensity or frequency?  
–  Fuel for hurricanes is heat released from condensation of 

moisture in the air, which increases by ~ 7% per °C of 
increase in global average temperature. Why?  

•  water vapor feedback: there will be 20-25% more water in the 
air by 20100! 

–  Also depend on structure of mean wind 
–  In the net, it is hard to tell how hurricane intensity, frequency 

or paths will change 

•  Abrupt climate changes? 
–  Greenland sliding into the sea? No. Antarctica ?  
–  The ocean circulation changing?  No. 

Projected Extreme Events: Frosts and Heat Waves 

IPCC AR4, Fig 10.19 

Scenario A1B!
heat waves = the longest period in one year of at least five consecutive days with maximum 
temperature at least 5C higher than the climatology of the same calendar day!
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Climate changes due to human activity 

Virtually certain  > 99%         Very likely  >90%       Likely   >66%      More likely than not > 50% 

IPCC 2007 

Changes in Regional Temperature Extremes:  
2100 minus 2000 AD 

IPCC 2007  Tab 11.2 
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Changes in Regional Moisture Extremes:  
2100 minus 2000 AD 

IPCC 2007  Tab 11.2 
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Changes in Regional Storminess Extremes:  
2100 minus 2000 AD 

IPCC 2007  Tab 11.2 
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Confidence 

•  The projected forcings 
•  The projected climate change: 2000 to 2100 

–  Global  
–  Regional 
–  Sea Level 
–  Cryosphere 
–  Extreme Events 

•  The long term outlook 2100 - 2300 
 

3. Projections of Climate Change: 
2100 and beyond Global Annual Average Surface Temperature 

Referenced to the 1980-1999 Average Temperature 
Solid lines: average of all models used. The number of models used varies; 
shaded area is the standard deviation of the models. Zero emission is 
assumed beyond 2100 (gold: beyond 2000)!

Utopia 

(as usual) 



The long term outlook: 2000-3000AD 
If we stop CO2 emissions in 2100, how long will it take to reach the pre-
industrial climate*? 
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peaks at 750 in 2100 

CO2 in ocean increases 
rapidly until ~2200, then 
slowly for 1000+ years 

CO2 in land biomass 
increases rapidly until 
~2200, then slowly 
declines 

The VERY long term adjustment 
really long term!

Kump et al. (2003), T Earth 
System, Box Fig 13-2 

The atmospheric CO2 concentration - and hence climate - 
returns to near pre-industrial (PI) levels by 10,000 yrs 
 
Almost all of the human emissions of CO2 end up in the 
ocean 

How long would forcing by humans last if we 
suddenly stopped emitting everything?  
•  Carbon Dioxide 

–  About 1/2 removed in 1000 years (absorbed in the deep 
ocean) 

–  Most gone by 10,000 years 

•  Methane 
–  About 70% removed in 10 years (absorbed into soil) 
–  Most gone by 20 years 

•  CFCs 
–  50 to 20,000 years, depending on compound 

•  Aerosols 
–  In troposphere, about 5 days 
–  In stratosphere, about 2 years 


