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Feeding the World 



Irrigated Agriculture 



Total and agricultural water withdrawals (1960-2005)  
and consumptive use estimates (1960-1995) 
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Withdrawals Consumptive Use* 
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Source: USDA, NRCS, based on Kenny, et al, 2009 

* Data limitations do not allow estimation of consumptive use in 2000.   
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USGS Water-Use Activities 

• It’s not really water use. 

• Information is derived. 

• Information is inconsistent. 

• Information is incomplete. 



Drought and Water Use 



Groundwater Depletion in the U.S. 

Konikow, 2013 



Groundwater Depletion in the U.S. 

Cumulative Depletion 

Depletion by Aquifer 

Depletion from Drainage 

Konikow, 2013 



1980 – 1998  
red: 40 – 60 ft 

Through 2007  
red: >150 ft; orange 100 – 150 ft 

from McGuire et al., 2001 from McGuire, 2009 



Groundwater Withdrawals 

from Granneman et al., 2010 



Example Change to Water Budget 

From McGuire et al, 2001 

South Central High Plains; values in million acre-ft/yr 



Groundwater Pumping and Streamflow 

Minimum annual streamflow for the  
Sunflower River, MS showing effects 
of withdrawals from the Mississippi 
River Valley alluvial aquifer on 
streamflow. 
(Welch et al., 2010) 

Median daily flow 
Platte River near Duncan, NE 

Blue = 1895 – 1909 
Green = 1975 – 1998 



Groundwater Contributions to Streamflow 

(Winter, et al., 1998)  



Kustu, et al., 2011, Water Resour. Res., 47, W03522, doi:10.1029/2010WR010046. 

Groundwater Pumping and Weather 



16-station, 5-year 
moving average July 
precipitation for area 

shown 

Kustu et al., WRR, 2011  

Percent difference in mean July 
precipitation, 1900 – 1950 vs. 

1951 - 2000 

Groundwater Pumping and Weather 



McCabe et al., 2004 

Drought Frequency and Ocean State 

Red = more frequent drought 
Blue = less frequent drought 



Energy and Water Use 
• 9 – 11 percent of purchased agricultural input is 

for energy. 

• Disconnect between energy costs and water use: 

– Not all irrigation requires energy 

– Irrigation may lead to a more profitable crop 

– Water prices not set in market and do not reflect 
scarcity. 



Nitrogen in Streams 

(Dubrovsky, et al., 2010) 



Persistence of NO3  in Groundwater 

Measured nitrate concentration in shallow groundwater and  
deep aquifers by (A) date of sample collection and  

(B) estimated date when the groundwater was recharged 

(Dubrovsky, et al., 2010) 



Contributions of Groundwater Nitrate 
Depend on Hydrogeologic Setting 



Water and Climate 

• Effects of climate change on 
agriculture, ecosystems, and 
energy are mediated by 
water. 

• Unambiguous increase in air 
temperature. 

• Stationarity can no longer be 
assumed. 

• Direct effects on water 
resources are more difficult to 
detect. 



What is the cause? 

• Non-climatic 
– Water management 

• Reservoirs 

• Consumptive use 

• GW declines 

– Land management 
• Tile drains 

• Changing land use 

• Natural variability 

• New measurement techniques 

• Greenhouse-driven climate 
disruption. 

North America during 
most recent glacial 
maximum ~20,000 
years ago. 



Importance of Long Records 

1925 – 2009:  
Monotonic Trend 

1882 – 2009:   
Two-State System 

Hirsch, JAWRA, 2011.  

Annual flood peak, Red River of the North at Fargo, ND 



1925 – 2009:  
Monotonic Trend 

1882 – 2009:   
Two-State System 

Hirsch, JAWRA, 2011.  

Importance of Long Records 

Annual flood peak, Red River of the North at Fargo, ND 
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Groisman, et a;., 2004: Journal of Hydrometeorology, 5(1), p. 64-85. 

Annual Precipitation Trends 

Percent change/century 



Changes in Precipitation Intensity 



de Perez et al., 2014, Nature Geoscience, 7:78-79  

Extremes are Important but Changes 
are Difficult to Detect 



Temporal Redistribution of Streamflow 

Trends in center mass of  
yearly streamflow, 1945 – 
2000 (Dettinger, 2005.) 

As much as 75% of 
western water supplies 
are derived from 
snowmelt runoff 

April – July flow as a 
fraction of annual flow for 9 
western Sierra Nevada 
rivers.  Blue line is 9-yr 
moving average. 









Redistribution of Floods? 

Trend in annual flood peaks for stations having 85 – 
127 years of record (Hirsch, JAWRA, 2011) 



Redistribution of Water Resources 

Dotted line = long-term trend 
Solid line = 1931 – 2011 
Dashed line = 1971 - 2011 



Challenging Times for Earth Science 

Science, 2008, p. 1771-1772,  
Ralph F. Keeling 

• A continuing challenge to long-term 
Earth observations is the prejudice 
against science that is not directly 
aimed at hypothesis testing…We 
cannot afford such a rigid view of the 
scientific enterprise. 

• The only way to figure out what is 
happening to our planet is to measure 
it, and this means tracking changes 
decade after decade and poring over 
the records. 

 



Thank you 

Photo credit: Steve Norbeck, April 21, 1997,  
Red River of the North at Grand Forks, ND 


