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Climate Change 
Impacts 

Projected Changes to Sea Ice 

Changes in Sea Ice 
•  Winter 

maximum has 
decreased by 
~ 10% 

•  Summer 
Minimum has 
decreased by 
~ 40% 

•  Decrease is 
much faster 
than 
predicted 

Rapidly 
Thinning Ice 

•  Multiyear ice is 
disappearing very rapidly 

•  About 80% of Arctic sea 
ice is now less than 1 
year old 
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Planetary 
Waves  
and 

Poleward 
Energy 

Transport 

Drought and 
Water Stress 

Projected Changes in 
Precipitation by 2100  

Northern Winter Northern Summer 

•  More rainfall overall because warm air 
evaporates more water from oceans 

•  Wet places get wetter, dry places get drier 
(compare deep tropics to subtropical deserts) 

•  Severe drying in Mediterranean and SW USA 
•  Colorado is near the “zero change line” 

Projected Changes to Hydrology 
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Impacts on Water Supply Current US Drought 

July 10, 2012 

This kind of event is more and more 
likely under a warming climate 

Animation of Palmer Drought Severity 
Index Using Climate Model Projections 

of Precipitation and Evaporation 

Heat Wave Statistics 
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A Region On the Edge 
Much of the region 
already receives only 
marginal precipitation 
 
Just enough snow to 
support forests and 
reservoirs  
 
Just enough irrigation 
water to support 
farming 
 
Just enough water to 
support 5.1 million 
people 
 

Ski Industry 

Mountain Pine 
Beetle 

Insect Pests 
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Extent of Infestation 

•  Colorado is only 
the southernmost 
outbreak of a 
continental 
problem 

•  Estimated CO2 
emissions ~ 10% 
of fossil fuel for 
1 year 

Wildfire 

Western US 
Wildfires 

Irrigated Agriculture 
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Sea Level & 
Coastal Flooding 

Changes in Stored Energy 

Historical Sealevel Changes Sealevels and Emission Scenarios 
No 3D ice  sheet 

dynamics included 
in these 
calculations! 
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Male, Maldives 
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Changes in Mean 
Sea Level 

•  1 meter is a high-
end estimate for 
2100 

•  6 m is loss of 
Greenland 

Coastal 
Flooding 

•  Small floods are 
common, big floods 
are rare 

Rockaway Beach, NYC 

how often (years) 

he
ig

ht
 a

bo
ve

 se
a 

le
ve

l (
fe

et
) 

10 100 1000 

3 

9 

6 

12 
•  Sea level rise 

shifts the line up 

•  What was a 100-
year flood 
becomes a 10-
year flood! 

flooded 
subway  
system 

Distant Future 

2 2 = 4 billion tons go out 

Ocean Land Plants and soils (net) 

Fossil Fuel 
Burning 

+ 

8 

800 
billion tons carbon 

4 
billion  
tons go in 

ATMOSPHERE 

billion tons added 
every year 

CO2 “Budget” of the World 

Extra heat comes from the water, not the faucet! 
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Bathtub Drainage Common Myth #2 
•  “When we reduce or stop the burning of fossil 

fuel, the CO2 will go away and things will go back 
to normal”  

CO2 from fossil fuel will react 
with oceans, but only as fast as 
they “mix” 
 
Eventually, fossil CO2 will 
react with rocks 
 
About 1/3 of today’s 
emissions will stay  
in the air permanently! 

industrial 
revolution 

you are 
here 
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Common Myth #2 
“When we reduce or stop the burning of fossil 

fuel, the CO2 will go away and things will go 
back to normal”  

CO2 from fossil fuel will 
react with oceans, but only 
as fast as they “mix” 
 
Eventually, fossil CO2 will 
react with rocks 
 
Much of the CO2 we emit 
now will stay in the air for 
many thousands of years! 

Continental Ice Sheets 



Teaching Weather and Climate   Saturday PM Climate Change Impacts 

Scott Denning   CSU  CMMAP 11 

Climate and Sea Levels Climate and Sea Levels 

Climate and Sea Levels What we Know for Sure 
•  CO2 molecules absorb & re-emit thermal 

radiation (Tyndall, 1863) 
•  Doubling the number of CO2 molecules 

would add 4 W m-2 to the surface 24/7 
(Arrhenius, 1896) 

•  If China and India industrialize with coal, 
CO2 will approach 400% preindustrial by 
2100 

•  Additional CO2 will continue adding heat 
to Earth’s surface for thousands of years 
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What We’re  
Not So Sure About 

• When and in precisely what ways the 
climate will change, especially locally 

•  The economic, political, and social 
consequences of these changes 

• What to do about all of this 


