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USA Corn Yield Trends

Genetic improvement
43% and increased N-fertilizer
usage 47% from 1930-1979

Kucharik, in prep



Source: William A. Battaglin  and Donald A. Goolsby &
USGS

Nitrogen Applications
In the “Fertilizer Belt”
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Connections between land-use and Gulf of Mexico Hypoxia



Case study: Corn Ethanol and Water Quality





Local groundwater 
pollution is also a 
concern

EPA: NO3-N > 10 ppm



The 2007 US Senate Energy Policy calls for 36 billion gallons of renewable 

fuels by 2022, of which 15 billion gallons can be “non-advanced biofuels”

There’s corn in my tailpipe

Renewable Fuels Association

US Fuel Ethanol Production
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Question

• How will increased reliance on 
ethanol produced from corn 
impact water quality and the 
overall biological health of the 
Gulf of Mexico?



We developed spatially explicit land use scenarios for meeting 
the Energy Policy Act goals using:

� 2004-2006 county-level crop production and yield data

� predicted corn-to-ethanol conversion rates (2.7 – 3.3 
gallon/bushel) 

� predicted increases in crop yields (0-1%/year)

� availability of “new” croplands (soybean land, CRP land)

We used these constraints to develop simple “rules” – farmer decisions to 
convert land to corn production – that would meet the ethanol production goal. 
The approach was validated using 2007 data.

Effect of increased corn ethanol production on the Gulf

Donner and Kucharik, PNAS 2008



Land use scenarios
Scenario Objective Description

Control 2004-2006 mean crop planting by county
Describes area of corn, soybean, winter wheat and spring 
wheat in each grid cell for 2004-2006  

Projected 2007 State-level projected plantings for 2007 Fraction of land in corn-growing counties that is planted in 
soybeans is shifted to corn

15 Billion Gallon (1) Meets the goal for non-advanced biofuels in 
year 2022

The 2007 land use change plus conversion of some CRP 
land in corn-growing counties to corn 

15 Billion Gallon (2) Meets the goal for non-advanced biofuels in 
year 2022

A higher fraction of land planted in soybeans shifted to corn 
(than in 2007)

36 Billion Gallon Meets Energy Policy Act goal for all biofuels in 
year 2022

Aggressive planting of corn on both CRP land and land 
planted in soybeans in pursuit of 2022 goal

Mitigation
Meets 15 billion gallon goal and achieves N 

reduction

A 50% reduction in red meat production reduces land 
required for feed crops; riparian wetlands constructed 
adjacent to corn and soybean fields



Effect of US Energy Policy on DIN export

Donner and Kucharik, PNAS 2008
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less soybeans grown    

and/or more domestic 

corn use (USDA data) 

Greenhouse gas implications

Amazonian 

deforestation

GHG emissions

Global feed 

stock

USA 

biofuel

demand

less feed exported overseas 

(USDA, FAO data)

demand for soybeans 

from Brazil 

Figures courtesy of Paul Lefebvre, WHRC; Navin Ramankutty, McGill







GLBRC Field Sites - Arlington, Wisconsin (July 2008)
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Corn Stover as a Biofuel Feedstock?

• 8 million mT in Wisconsin annually 
produced

• Provides structural stability to soil
– Erosion prevention
– Nutrient retention

• Need to consider impacts to soil 
organic matter and productivity of 
cropping systems

• Increased residue reduces soil 
water loss and reduces soil 
temperatures



Impacts of crop residue on local 
climate

Influences all components 
of surface energy balance

Increases shortwave albedo

Lowers thermal conductivity

• Increasing residue 
density leads to

• Decreased soil temperature 
(7-10ºC)

• Reduced soil evaporation

• Across large scales: climate 
regulation?



Land-use change: feedbacks to climate

Biogeochemical
GHG emissions to atmosphere

• Biogeophysical
• Surface albedo; energy 

exchange
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Fractional corn cover
for scenarios to meet
US goal of 36 billion
gal of biofuels by 2022

Donner and Kucharik, 2008 PNAS


