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CHANGES IN CLIMATE

Rising CO2 concentrations in theRising CO2 concentrations in the 
atmosphere
Warming temperatures over the nextWarming temperatures over the next 
30- 50 years
Variability in both temperature and 
precipitationprecipitation
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Impact On Climate



IPCC Fourth Assessment Report, Working Group III, 2007



1/12/2010 8



United StatesU ted States

• Already affecting U S water resourcesAlready affecting U.S. water resources, 
agriculture, land resources, and biodiversity, 
and will continue to do soand will continue to do so

• Warming is very likely to continue in the 
United States during the next 25 to 50 yearsUnited States during the next 25 to 50 years, 
regardless of reductions in greenhouse gas 
emissions due to emissions that haveemissions, due to emissions that have 
already occurred



Projected Changes for the 
Cli t f th Mid tClimate of the Midwest  

Temperaturee pe atu e

Longer frost-free period (high)
Higher average winter temperatures (high)
Fewer extreme cold temperatures in winter (high)p ( g )
Fewer extreme high temperatures in summer in 
short term but more in long term (medium) g ( )
Higher nighttime temperatures both summer and 
winter (high)( g )
More freeze-thaw cycles (high)
Increased temperature variability (high)Increased temperature variability (high)

*Estimated from IPCC reports



Projected Changes* for the 
Climate of the MidwestClimate of the Midwest  

Precipitation
More (~10%) precipitation annually (medium)
Change in “seasonality”:  Most of the increase will come 

f f f (in the first half of the year (wetter springs, drier 
summers) (high)
More variability of summer precipitation (high)More variability of summer precipitation (high)

More intense rain events and hence more runoff 
(high)( g )
Higher episodic streamflow (medium)
Longer periods without rain (medium)

Stronger storm systems (medium)
More winter soil moisture recharge (medium)
Snowfall increases (late winter) in short term but                    
decreases in the long run (medium)

*Estimated from IPCC reports



Impact on Ecosystems andImpact on Ecosystems and 
Human Health and Well Beingg





Qori Kalis, Peruvian Andes
1978… And Today…And Today

• In 1978, the Qori Kalis Glacier looked like this, flowing out from the Quelccaya Ice Cap in the Peruvian Andes Mountains.

Source: L. Thompson
Glaciers are shrinking nearly worldwide
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D = Annual Deficit (mm)
S = Annual Surplus (mm)

Climate projections
Eastern Kansas (37N, 95W)

Feddema,2008

+20% PrecipitationD =  30
S = 418

p ( )

Present Day Normal D = 47
S 304

( , )

S  418S = 304

All temperature scenarios
+1 C Summer
+2 C S i d F ll+2 C Spring and Fall
+3 C Winter

- 10% precipitationD =  98
S = 161

No Change 
in Precipitation

D =  69
S = 242

+10% PrecipitationD =  46
S = 325



D = Annual Deficit (mm)
S = Annual Surplus (mm)

Climate projections
Western Kansas (37N, 102W)

Feddema,2008

D = 322
S = 0

+20% Precipitation

p ( )
Present Day Normal D = 330

S =      0

( , )

S =      0

All temperature scenarios
+1 C Summer
+2 C S i d F ll

No Change

+2 C Spring and Fall
+3 C Winter

D = 455
S = 0

- 10% precipitation D = 412
S =      0

No Change 
in Precipitation D = 366

S = 0
+10% Precipitation

S       0 S       0



Temperature

Optimum Temp 
(C)

Temp Range
(C)

Failure
TCrop

(C) (C) Temp
(C)Veg Reprod Veg Reprod

Maize 34 18-32 18-22 35

Soybean 30 26 25-37 22-24 39

Wheat 26 26 20-30 15 34

Rice 36 33 33 23-26 35-36Rice 36 33 33 23-26 35-36

Cotton 37 30 34 25-26 35

Tomato 22 22 22-25 30
Hatfield et al., 2008



Climate ImpactsC ate pacts
CropCrop Yield ChangeYield Change
MaizeMaize --4.0%4.0%

SoybeanSoybean--MidwestMidwest +2.5%+2.5%yy

SoybeanSoybean--SouthSouth --3.5%3.5%

Wh tWh t 6 7%6 7%WheatWheat --6.7%6.7%

RiceRice --12.0%12.0%

SorghumSorghum --9.4%9.4%

CottonCotton --5.7%5.7%

PeanutPeanut --5.4%5.4%

BB 8 6%8 6%BeanBean --8.6%8.6%

Hatfield et al., 2008



Impacts on GrasslandsImpacts on Grasslands
V i bilit f i it ti ill i t th• Variability of precipitation will impact growth 
of pastures and rangeland

• Increasing CO2 will impact forage quality 
and species composition in rangelandsand species composition in rangelands

• Interactions of grazing management, 
climate change, and species composition 
will impact the long-term use and p g
sustainability

Hatfield et al., 2008



P j t d I t f th Mid tProjected Impacts for the Midwest 

Phenological stages are shortened (high)
Weeds grow more rapidly under elevated atmospheric g p y p
CO2 (high)
Weeds migrate northward and are less sensitive to 
h bi id (hi h)herbicides (high)
Plants have increased water used efficiency (high)

*Estimated from IPCC and CCSP reports



North America: Key messagesy g
• A wide range of impacts of climate change are now clearly 

documenteddocumented
• Risks from future impacts concentrated on extreme events
• Vulnerable people and activities (including ag) in almost• Vulnerable people and activities (including ag) in almost 

every region
– Increase number, intensity, and duration of heat waves, y,
– Changes in precipitation patterns

• Water resources will constrain potential crop yield increases 
and increase competition for water resources

• Warmer nights and winters may increase 
P t d di i i lt– Pest and disease in agriculture

– Invasive  weeds

IPCC Fourth Assessment Report, 2007
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