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Strategies for Sustaining Agriculture in the 

Face of Climate/Water Threats to Production 

 

1. Conservation – low pressure nozzles, drip 

irrigation, irrigation  scheduling etc. 

 

2.  Improved genetics – drought and salt 

tolerant cultivars 

 

3. Building of additional water storage and 

water transfer projects 

 

Here we propose that a fourth strategy - 

migration of agriculture to where it is 

more sustainable should be evaluated. 



While almost everyone in the climate 

change community has expressed 

concern about the impact of climate 

change on agriculture, less has been 

discussed about agricultural change in 

the last century in the U.S. which makes 

agriculture vulnerable to climate. 

 

The drought of 2012 in the Midwest and 

the current Western drought expose 

this vulnerability 
 

   



Since 1940 there has been a major migration of agricultural 

production in this country driven by water and transportation 

Prior to 1940 Maine ,Pennsylvania and New York led the nation in potato 

production  

Cotton was King in the Southeast 

Northeast provided produced a substantial fraction of vegetable production  

Corn was grown in almost every State for local use 

Potatoes  

Cotton Vegetables 

Annual 

Precipitation 

Corn 



1930 

The underlying map shows precipitation.  

 

We have moved production away from the Nation’s water and 

concentrated grain production in a small part of the upper 

Midwest.  

 

Is this a sustainable geography for U.S. agricultural production? 

 

2013 

Corn Corn 



What drove this dramatic shift in agricultural 

production ?  

Search for Consistent Water for Production 

and Transportation   
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Deep water holding soils in the Midwest largely 

insulated farmers from short-term losses that plagued 

the other parts of the East 
 



         1925    1935    1945    1955    1965   1975    1985 

 Corn prices by state from 1928 to 1988. From Gardner 2002.  

Transportation Improvements Intruded into Regional 

Markets that had Functioned for Generations  

   

Historical Corn Price by State 

In 1928 a farmer in 

Alabama received 

nearly three times 

the price of corn 

as an Illinois  

farmer 

Alabama 

Illinois 



Most areas could not compete with Midwest yields so 

that areas like the Southeast gave up on corn.  

Fraction of 

1950 

Acres 

Planted   



The end result is that we have concentrated nearly 90% 

of the nation’s corn production in an area not much 

bigger than the State of Texas 



Drought Monitor 

August 7, 2012 
Midwest Drought of 

2012 shows the danger 

of concentration too 

much of the Nation’s 

agricultural production 

in one region  

The impact could have 

been much worse because 

this drought was short-

lived and was not centered 

on the corn production 

region 



Palmer Drought Severity 

Index 

1934 

Palmer Drought Severity 

Index 

1954 

While Some Droughts Can be 

National in Scope that is Usually the 

Exception 

July  July  



September 1978       July 1986 

More often droughts in the U.S. occur on a smaller scale 
In fact due to stationary weather patterns (synoptic scale)  

that Midwest and Southeast droughts are often out of 

phase.  

This argues for a more distributed 

geographical production in agriculture.  



Nutrient Loading in the Mississippi Basin 

EPA is setting 

reduction 

targets for the 

basin (Rabalais 

2011).  

For Iowa the 

strategy, which is 

voluntary for 

farmers, calls for a 

45 percent 

reduction in 

nitrogen and 

phosphorus 

pollution leaving 

the state. 

 
Nutrient Loading is also related to drought 



It is proposed that a more distributed geography of grain 

production should be evaluated in terms of economic 

viability, energy use and environmental impact.   

This would reduce impacts of  future regional 

droughts in the Midwest and potentially help solve 

some nutrient loading on the Mississippi and perhaps 

future disease concerns. 



Irrigation also drove the migration of agriculture 

 Potato production became concentrated in the Snake River Valley 

so that Maine, New York and Pennsylvania lost their production. 

Irrigated cotton in California, New Mexico and Arizona drove 

Southern Cotton farmers out of business.  
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Fruit and vegetable production has been 

concentrated in the river basins of the arid west 



 99 percent of the artichokes 83 percent of Romaine lettuce 

44 percent of asparagus 83 percent of fresh spinach 

67 percent of carrots 86 percent of lemons 

89 percent of cauliflower 90 percent of avocados 

94 percent of broccoli 84 percent of peaches 

95 percent of celery 88 percent of fresh strawberries 

90 percent of the leaf lettuce 97 percent of fresh plums 

 Fraction of national production (California 

Agricultural Resource Directory 2010) 



1984  

 

The Economic Viability of Commercial 

Fresh Vegetable · Production in the 

Northeastern United States 

John W. Wysong, Mary G. Leigh, and Pradeep Ganguly   

 

Even as recently as 1950, USDA data indicated 

that the Northeast region accounted for 21 percent 

of the total U.S.commercial vegetable production. 

However, by 1980, that proportion was down to 

only seven percent 

In 1950 the Northeast Produced ~ 21% 

of Commercial Fresh Vegetables – 

about what California does today. 

 

By 1980 it had been reduces to 7% 







Loss of row crops in the East also reduced 

ancillary  vegetable production – almost all row 

crop farmers grew a vegetable garden for 

extended families and friends and also sideline 

cash.  



 

The migration of production that evolved in the last century 

produced a bonanza of cheap quality food for the American 

consumer. But left in its wake potential vulnerabilities dislocation 

and poverty. 

 

Migration in the last century was largely unplanned and did not 

foresee potential issues of sustainability. 

 

2015 



This massive shift in agriculture was highly subsidized. The 

Federal government spent billions of dollars on Western water 

projects for agriculture. This included massive dams, canals, 

piping to provide  water to farmers. Grain transportation via 

rivers and highways was made possible through dams and 

interstates built in large part by the federal government.  



The Migration of Agriculture Left behind a 

Swath of Poverty where Southern 

Agriculture Collapsed 



The Honorable Andrew Young - "The farmers who 

let us stay in their homes, who bonded us out of 

jail, are old guys now. They still own land but they 

can't make a living on the land."  
 

In the descriptions of Selma when President 

Obama’s visited Selma for the 50Th anniversary 

of the Selma to Montgomery March the most 

common was the shocking poverty.  

 

However, there was little discussion of the 

roots of this poverty – poor water holding soils 

and the collapse of agriculture! 



Aggregate of climate models predict drying in the Southern 

High Plains and Southwest but no change or an increase in 

precipitation in the East and Southeast.   

From IPCC 2007  



Even if anthropogenic climate change does not occur the 

West may be in trouble. 

 

 Recent reconstruction of climate indicate that the past 70 years may 

have been abnormally wet and future supply could be much less.   

From Piechota et a. 2004 

Abnormally 

Wet 

Piechota, T., J.Timilena, G.Toogle and H.Hidalgo, 2004:The western drought: How bad is it? EOS, 85, 32, 

p301  

 





Nearly One Million Acres Expected to be Fallowed 

Due to Water Shortage. Fallowed land is mainly in 

cotton, grains and seed oils not high value crops. 





Impact of California Drought -2015 by Richard Howitt et al.  



Groundwater storage changes in California from 2003-2010. 1. Blue line 

shows overall decreasing trend, about 3 cubic kilometers per year. Red line 

shows piecewise trends, and that most of the depletion occurred during 

the drought of 2006-2010 

Famileghetti et al 2011 

http://onlinelibrary.wiley.com/doi/10.1029/2010GL046442/abstract


California is not the only place where ground 

water is being depleted  



The West may be caught in the “The Perfect Storm “ 
 

Short-term Drought  
 

Reductions in snowpack and increased temperatures are driving  

seasonal flows to record low levels 

 

Ground Water Pumping 
 

       Ground water throughout the West is being depleted  

 

Exhausted  Water Storage  
 

The major southwestern reservoirs -  Lakes Powell and Mead, fell 

nearly 50 percent between 1999 and 2004 and have not risen 

significantly since. 

 

Population Growth  
 

Population continues at an accelerating pace in parts of the West  

 





Shifts in Crops Due to Water Reductions 

Medellin-

Azuara et al. 



Nutrition Danger of Reduced Water in California 

Crops which are 

inelastic to 

water changes 

are often for 

crops where the 

market price is 

endogenous or 

controlled by 

California 

Crops which are 

sensitive to water 

changes are often 

for crops where the 

market  price is 

exogenous or 

controlled outside 

California 



Where can the Nation Replace 

This Lost Production? 

 

Should we let it move offshore? 



. 

• There should be consideration of migrating some 

of the Southwest’s agriculture back to the East or 

Northwest.  

 

This would protect the nation’s vegetable     

production in a region which will likely be water 

limited in the future.  

 

It would allow continued environmental 

restoration.  

   

. 



The Temperance Flat Dam Project has 

been proposed as a solution to catch 

more water in the San Joaquin Basin 

near Fresno, CA. The cost is estimated 

to be $2.5 billion. It would yield 77,000 

acre-ft of additional water which would 

serve up to 30,000  irrigated acres.  

About 20% of the monetary benefits of 

this of the project are attributed to 

agriculture – so that cost for the 

agricultural portion would be about $500 

million. In the East this would support 

180,000 acres (on-farm storage and 

center pivots) 

In building 

western water 

projects should 

cost benefits of 

equivalent 

production in 

the East be 

considered? 

We believe the nation must be careful about expensive 

investment in wringing the  last drops out of western 

water. 



Considering all uses of water – the Eastern 

U.S. has far more available water 

WaSSI – 

Demand to 

Supply Ratio  1950-2010 



Net Consumption of Water  - Tennessee River is one of the laest 

consumed Rivers in the U.S.  

2.5% 
27% 

102% 

45 



Can migrating agriculture to the 

East/Southeast  or to the Northwest with 

expanded irrigation be a sustainable solution 

for the Nation’s future agricultural security ?  

 

Is it economically viable? 

 

Is it environmentally sustainable?  

 

• Will expanded irrigation harm the 

region’s water resources?  

 

• Will water quality be harmed? 

   



Corn Yield Estimated by DSSAT Crop Model 
for Coastal Plain Soils in South Alabama 

Irrigated 

Rainfed 



Can Southeast really compete with Iowa in grains? 
 

If we include transportation cost – Yes! 

Economics 



Southeast has  also in depleted ground water in 

some locations. In part, because of Riparian 

Rertrictions on moving water  



Summer 

Flows are 

Low 

Environment – while East has much more 

water than the west its ecosystems evolved 

based on large amounts of water 

Irrigation Model 

Use on 

Farm 

storage 

ponds 

How will 

flood 

Plains be 

Impacted? 



East also faces challenges in terms of nutrient export 

and pesticide application  

 

For vegetables quality and marketability are 

challenges 

 

Eastern Broccoli Project 

 

 
 

 



Can we define maps and metrics for economic 

and environmental sustainability. 
 

Maps 

of Net 

Profit 

for 

Crops 

Maps of 

Nutrient 

Export/acre 

Pesticide/

acre  

Maps of Water 

Availability 



 Building Irrigation Infrastructure Support in 

the East  





Questions 

 

Is migration a path that can sustain 

agricultural production? 

 

Can metrics/maps needed to define 

economic, environmental and societal 

geographical sustainability be defined? 

 

If so, how can these maps be used to 

encourage shifts in agriculture ?   



Supplemental Slides 



Mean Demand to Supply Ratios – 1950-2010 



Maximum Demand to Supply Ratios and Year  (1951-2010) 

Extreme Events 



10/26/2015 59 

Percent of  Time Watersheds Are 
Not Stressed (1951-2010) 



Is water available for irrigation during times 

when crops need water?   

Irrigation 

Demand  

Demand 

to 

Supply 

Ratio 



Components needed to define maps of economic and 

sustainable geography 

 

1. Crop Models to determine yields and production 

costs (including water costs) in different 

geographical regions. 

2. Hydrologic Models to determine impact and 

sustainability of  water resources considering all 

competing uses of water. 

3. Nutrient loading models to examine impact of 

production 

4. Transportation Models to explicitly consider 

movement of agricultural goods  

5. Nutrition/freshness models to examine time cost of 

transport to consumer.  

6. Social costs of geographical production 

 

 



California 

Profit 

Cotton as Example  

1920 1950 1980 2010 2040 

External Profit 

Profit  

Loss  

Acres 

Planted 



California 

Profit 

Vegetable as Example  

1920 1950 1980 2010 2040 

External Profit 

Profit  

Loss  

Acres 

Planted 

Price  







Lower Mississippi 

flow greater than 400 

million acre-ft per year 
Mississippi River could 

support all of the current 

irrigation in Arkansas, 

Mississippi and Louisiana 

using less than 3% of the flow  

Arizona, California, Colorado 

New Mexico, Nevada basically 

consume all of the Colorado 



Climate can totally change agriculture and society 




