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Climate Change 

Climate change: any significant change in 

measures of climate  (such as temperature, 

precipitation, or wind) lasting for an 

extended period (decades or longer).  

A change in the variability of climate is also 

considered climate change, even if average 

weather conditions remain the same. 

 



   

1880-2008: Annual Trend in Average Global Air 

Temperature in Degrees Celsius. Blue Line Tracks 

Changes in Trend Over Time (UCAR). 

Reference: UCAR 

http://www.ucar.edu/news/features/climatechange/faqs.jsp 

http://colli239.fts.educ.msu.edu/wp-content/uploads/2009/08/annualtrendinaverageglobalairtemperature1880to2008cc.gif
http://colli239.fts.educ.msu.edu/wp-content/uploads/2009/08/annualtrendinaverageglobalairtemperature1880to2008cc.gif


Observed Changes in Global Average Temperature, 

Sea Level and Northern Hemisphere Snow Cover 

Source: 

IPCC, 2007 



Global and Continental Temperature Change   

(IPCC, 2007) 



Greenhouse Gases (GHGs): water vapor, 

carbon dioxide, ozone, and methane. 

Over the last 250 years, the concentrations 

of GHGs, especially CO2 and methane, 

have increased dramatically due to human 

activities, e.g. the burning of coal, oil and 

natural gas for energy.  

As a result, concentrations of C02 have 

increased by nearly 30% and of methane 

by over 100%. 



The "greenhouse effect" regulates 

temperature on Earth. 

Without greenhouse gases, the 

Earth's average temperature 

would be -19°C instead of +14°C, 

or 33°C colder. 



Increase of Atmospheric CO2 





Increase of Atmospheric CO2 

Carbon dioxide concentrations     

have increased from 315 ppm to 

over 360 ppm 

Seasonal cycle is due to plant 

uptake of carbon dioxide during 

the northern hemisphere summer  

Source:Keeling,1995 



Global Annual Emissions of 

Anthropogenic GHG’s from 1970 To 2004 

IPCC, 2007 – CH4-Methane, N2O - Nitrous oxide, F-gases - Hydrofluorocarbons 

(HFCs), Perfluorocarbons (PFCs) and Sulphur Hexafluoride (SF6).  



Physiological Changes in Plants 

Due to Increases in CO2 
– Increase in stomatal resistance (rs ) = 1/g 

– Increase in LAI = f(S) 
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Source: Bazzaz,1990 



Effects of Physiological Changes 
– Increase in stomatal resistance (rs ) 

– Increase in LAI  

rs LAI LAI 



Projected Global Average Surface Warming at 

the End of the 21st Century (IPCC 2007) 

Case  

Temperature change (°C at 2090-2099 

relative to 1980-1999) 

Best estimate  Likely range  

B1 scenario  1.8  1.1 – 2.9  

A1T scenario  2.4  1.4 – 3.8  

B2 scenario  2.4  1.4 – 3.8  

A1B scenario  2.8  1.7 – 4.4  

A2 scenario  3.4  2.0 – 5.4  

A1FI scenario  4.0  2.4 – 6.4  



Scenarios for GHG Emissions from 2000 to 2100 

and Projections of Surface Temperatures 

 

 

http://www.ipcc.ch/publications_and_data/ar4/syr/en/figure-spm-5.html


Potential Climate Change 

effects on ET & Corn Yield in 

the Great Plains of Colorado 

 The Root Zone Water Quality Model (RZWQM2, version 2.0) 

with the Decision Support Systems for Agrotechnology 

Transfer (DSSAT , version 4.0) crop modules was used in this 

study.  It has the advantages of combining the detailed soil 

water, nitrogen, and management modules of RZWQM with 

the detailed crop modules of DSSAT 4.0. 

 



Changes in Temp and Precipitation in Greeley, 

Colorado During May-Oct (corn growing season)  

• Ensemble of 112 projections 

combining all emission 

scenarios (S1);  

• Ensemble of 37 projections 

representing lower (B1) 

emission path (S2); 

• Ensemble of 39 projections 

representing middle (A1B) 

emission path (S3); and  

• Ensemble of 36 projections 

representing higher (A2) 

emission path (S4);  



Effect of Changes in Temperature and CO2 

Concentration on Reference Evapotranspiration 

Every 1°C rise in temperature results in about a 6% increase in annual reference ETo 

with CO2 levels less than 450 ppm, but this value decreases to about 5% with CO2 

levels of 900 ppm. The effect of increases in CO2 levels up to 450 ppm is offset by 

about 1°C rise in temperature 



Climate Change Effects on the Fully-irrigated 

Corn Yield in Greeley, Colorado 

 Without CO2                                         With CO2 

• Decrease in the mean corn yield varied from 15.4 to 16.5, 21.6 to 26.4, and 24.9 to 37.5% 

during the 2020s, 2050s and 2080s, respectively 

• With CO2 effect, the decrease in yield ranged from 11.3 to 14.0, 17.1 to 21.0, and 20.7 to 

27.7% during the 2020s, 2050s, and 2080s, respectively 

• The increased CO2 concentration could not fully nullify the negative impact of increasing 

temperature. 



Climate Change Effects on the 

Crop Maturity Duration in Colorado 

Every 1oC rise in mean temperature resulted in 

shortening of crop growing duration by about 5 days 



Change in Seasonal Actual ET, Potential ET 

and Water Use Efficiency  

Without CO2                          With CO2 

The reduction in the crop 

growing period due to rise in 

temperature resulted in a 

decrease in seasonal ET as 

compared to the baseline. 

 

The increased CO2 level 

resulted in higher WUE values 

as compared to the WUE values 

obtained without considering 

the effect of elevated CO2. 



Changes in Seasonal Precipitation and 

Irrigation Water Use  

• Increase in seasonal irrigation water use when effect of elevated CO2 was not 

considered (increase is less than 3%) 

• When the effect of elevated CO2 was considered, the irrigation water use decreased 

as compared to the baseline conditions  



Climate Change Effects on Corn Yield with 

Different Irrigation Levels 

Without CO2                   with CO2 

Under deficit irrigation 

(50ET and 75ET), 

decreases in yield due to 

climate change were 

lower as compared to the 

decrease in yield 

simulated when meeting 

full ET demand.  



Change in Water Use Efficiency of Corn With 

Different Levels of Irrigation  

Without CO2                     With CO2 

Improvement in WUE 

with deficit irrigation 

when effect of increased 

CO2 concentration was 

considered. 



Summary of Results for the U.S. 

Great Plains 
 Temperature increase seems to be the primary cause 

for decline of corn yield.  

 Potential yield reductions ranged from 11.3 to 14.0, 

17.1 to 21.0, and 20.7 to 27.7% during the 2020s, 

2050s, and 2080s, respectively. 

 Potential changes in irrigation water demand varied in 

the range of -1.7 to 5.8, -8.1 to 6.4 and -2.2 to 5.1% 

during the 2020s, 2050s, and 2080s, respectively. 

 Adaptations will include longer duration cultivars 

tolerant to higher temperatures, early planting, and 

water conservation.  

 

 



Questions? 


