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U.S. Irrigation

Share of Irrigated Land

• NE: 14.8%

• CA: 13.5%

• AR: 8.4%

• TX: 7.5%

• ID: 5.9%

• CO: 4.8%

• KS: 4.3%
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KS Irrigation History

2. Large inter-annual variations in flow and 
upstream diversions of the Arkansas River slowed 
irrigation expansion in Kansas until the 1940s, 
when rapid expansion became possible due to the 
adoption of well drilling technologies from the 
oil industry and the availability of deep well 
pumps, internal combustion engines, and rapid 
expansion of the electrical grid (Green, 1973).
3. Expansion of irrigation in the Great Plains 
was greatly motivated by the drought of the 
1950s and aided by the soldiers returning from 
World War II, reaching a high point in Kansas of 
1.42 million ha in 1980 before declining to 
approximately 1.21 million ha by 2000 (Rogers 
and Wilson, 2000). 
4. From 1998 to 2008, the irrigated area in the 
ten states overlying the High Plains aquifer 
increased by 11% but declined since 2008 by 7% 
to 9 million ha in 2018 (table 1) (USDA-NASS, 
1998, 2008, 2013, 2019a). Kansas lost 10% of its 
irrigated area.

1. In Colorado and Kansas, the first large 
Arkansas River ditch water right was the Rocky 
Ford ditch diversion in 1874 (van Hook, 1933), 
and more irrigation from diversion of the 
Arkansas River followed in the 1880s (Erhart, 
1969).

5. In Texas and Kansas, water availability is 
decreasing, almost entirely due to aquifer 
declines in those states, which rely on 
groundwater for irrigation on 83% and 96% of 
irrigated land, respectively. 

6. Although conversion to more efficient 
irrigation systems and to crops that require 
less water has resulted in an overall 21% 
decline in seasonal irrigation applications, 
from 446 mm in 1998 to 353 mm in 2018, the 
percentage of decline varied by state. For 
example, seasonal irrigation application ….. 
decreased by …. 24% in Kansas over the 20-year 
period. **This decrease is mostly due to 
conversion from gravity (furrow) to sprinkler 
irrigation.**
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Rapid Expansion of Irrigation – 1970’s

Economic Drivers
• Global commodity boom: 1972 USSR 

grain deal boosted U.S. exports & 
prices (Gardner, 2002)

• Inflation: Farmland & irrigation 
systems seen as safe investments 
(Gardner, 2002)

• Low pumping energy costs early in 
decade (Sloggett, 1992)

Technological Advances
• Center pivot irrigation perfected late 

1960s, widely adopted in 1970s (Wheeler & 
Riggs, 1976)

• Center pivot patent expired in 1969, 
spurring manufacturer competition & 
adoption (Opie, 2000)

• Turbine & submersible pump improvements 
increased reliability (Keller & Bliesner, 
1990)

• PVC/aluminum pipe lowered installation 
costs, enabling flexibility (Keller & 
Bliesner, 1990)

Policy & Institutional Support
• USDA loan and cost-share programs 

accelerated adoption (USDA-ERS, 
1982)

• States clarified or expanded water 
rights, prompting rapid drilling 
(Opie, 2000)

• Bureau of Reclamation projects 
delivered new surface water (BoR, 
1977)

Climatic & Social Context
• Early 1970s droughts increased irrigation 

demand (Opie, 2000)
• Farm consolidation enabled large-scale 

capital investment (Gardner, 2002)
• Shift to high-value crops made irrigation 

economically essential (Stulp, 1978)
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Number of Permits (1944 – 1984)

Western KS Sandhills area south of the Arkansas River: 
• Center Pivots increased from 1,084 to 2,826 from 1972 to 

1975. 
Great Bend Prairie south of Arkansas River:

• Center Pivots increased from 284 to 1,103 from 1972 to 1975.
Kenny (1986): Water Demands in Kansas , 
1944 84
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KS Irrigation History
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Ogallala Aquifer – Saturated 
Thickness

Haacker et al. 2015



Changes in 
Ogallala‐
High Plains 
Aquifer in 
Kansas

Economic impacts of changing aquifer conditions
• Regional or system‐scale:

• Between 1996 and 2005, estimated value of Kansas portion of the HPA fell by 6.5%, 
roughly $110 million dollars, per year (Fenichel et al. 2016).

• LEMA implementation expected to increase cumulative net revenue for the rural 
economy in GMD3 (Golden & Guerrero, 2017).

• Intensive and Extensive Margins:

• An additional acre‐foot of saturated thickness is worth as much as 
$16/acre‐foot. 

• Agricultural land value is 53% greater for irrigated acreage than non‐
irrigated in Kansas. The premium for irrigated acreage has grown by 1 
percentage point per year on average over the past 25 years (Sampson et 
al. 2019). 
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Intensive Margin 
Constraints



Extensive Margin 
Adjustments
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Current regional trends
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How do we mitigate overuse? 

• Do nothing?

• Retire Irrigated Acres?

• Education?

• Regulation?

• Technology & Innovation?

“I find that every acre authorized 
for irrigation that is retired in 
the program represents about 1.28 
acre-feet of water that would have 
been used each year. Further, I do 
not find evidence that farmers 
increase their water use in an 
effort to satisfy program 
eligibility requirements.”
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How do we mitigate overuse? 

• Do nothing?

• Retire Irrigated Acres?

• Education?

• Regulation?

• Technology & Innovation?

“The comparison intervention 
reduced average annual groundwater 
use by 4.05% [95% CI (−5.87%, − 
2.21%)], resulting in an aggregate 
reduction of more than 21,000 acre-
feet per year at a cost less than 
$1.31 per acre-foot conserved. The 
estimated treatment effect was 
larger among irrigators with lower 

i i ”
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How do we mitigate overuse? 

• Do nothing?

• Retire Irrigated Acres?

• Education?

• Regulation?

• Technology & Innovation?
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Does Technology Reduce Irrigation?
• Central Nebraska Irrigation Project (2018‐2021)

• 50 Producers and 10 Control Fields

• Western Nebraska Irrigation Project (2014‐2017)
• 1300 acres

Trenton Franz – Personal Communication and Gibson et 
l (2017)

Technologies:
• Pivot Telemetry
• Soil moisture sensors
• Weather stations
• Geophysical mapping

Results post cost share:
• 95% of people keep pivot 

telemetry as it increases 
convenance (sticky technology)

• Only 10-15% of people kept soil 
moisture probes and weather 
stations, just not worth the 
hassle for most people

• Use of soil probes saved 3-4 
in. in western NE, 1-1.5 inches 
in central NE
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Technology Adoption
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Irrigation System – Potential Application Efficiency

Furrow (Conventional): 45-65%

Center Pivot: 75-85% Center Pivot (LEPA): 80-90%

SDI: >95%

MDI and Surface Drip: 85-90%

Center Pivot: 75-85%Furrow (Surge): 55-75%

Source: Irmak et al. (2011); Rudnick and Irmak (2015)
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Crop Response to Irrigation
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Does System Improvements Reduce Irrigation? 

.. it is not clear that 
increasing irrigation 
efficiency will lead to 
water conservation in 
practice.

On an average, the 
intended reduction in 
groundwater use did not 
occur; the shift to more 
efficient technology has 
increased groundwater 
extraction, in part due 
to shifting crop 
patterns.

????



K-STATE RESEARCH AND EXTENSION

Does System Improvements Reduce Irrigation? 
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Does System Improvements Reduce Irrigation? 
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Irrigation Systems – Adoption over time
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Effects of Center
Pivot Adoption
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• Intensive and Extensive Margins:
• Irrigators made 
insignificant extensive 
margin adjustments, but 
made larger changes at the 
intensive margin (reduction 
in depth-applied)

• Large (>20%) increase in 
efficiency from adopting 
center-pivot systems 
translated into immediate 
reductions in withdrawals 
and ability to maintain 
irrigated production longer 
in the future.

Effects of Center
Pivot Adoption
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Effects of LEPA
Adoption
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Effects of LEPA
Adoption

• Intensive and Extensive Margins:

• Minor, statistically 
insignificant effects in 
the near term consistent 
with smaller change in 
application efficiency.

• Evidence that adoption 
facilitated long-term 
adaptation at the 
intensive margin for 
adopters. 
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Questions
?



Results – LEPA adoption

Results – LEPA adoption



Results – LEPA adoption

Results – Flood to Center Pivot



Results – Flood to Center Pivot


