Chapter 5
Possible Changes in Current Practices
Scenarios 2 through 5

This chapter presents the findings from the theoretical application of policy
scenarios 2 through 5 over the 20 year time frame of this study. The first scenario,
presented in Chapter 4, modeled the current farming and water utilization practices with
two-thirds of irrigation by center-pivot methods and one-third by flood irrigation
methods. This scenario is the lynch-pin of this analysis because it focuses on current
conditions and what is likely to occur in the next 20 years if there are no major water
policy or economic changes. The first scenario provides a baseline to measure the
implications of possible policy alternatives. These other scenarios represent possible
policy alternatives that have been mentioned by various policy makers as probable
solutions to the depletion of the aquifer or represent hybrid policy alternatives derived
by the Docking Institute.

Four Policy Alternatives: Scenarios 2 through 5 Described

Flood irrigation techniques are less efficient than center pivot. For each section,
it takes an average of about 70% more water using flood irrigation than center pivot
irrigation. Recognizing this, the second scenario switches the sections that use the
more water intensive flood irrigation techniques to the more water efficient center pivot
methods. The purpose of this second scenario is to evaluate the possible impacts on
cash flow and depletion rates of installing center pivot irrigation systems in place of
flood systems.

The third and fourth scenarios build on the second scenario. While both
scenarios assume that all irrigation is by center-pivot, the third scenario reduces the
amount of water to all crops by 50% of the full irrigation level, and the fourth scenario
reduces water usage to all crops such that each crop produces 90% of its current yield.
In both scenarios, yield levels of crops are subsequently adjusted to reflect this
reduced water usage, and cash flows are reduced to reflect the lower production yields.

The purposes of these two scenarios are twofold: First, to underscore the tradeoffs
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between these types of policy alternatives and recharging of the aquifer; and second,
to note the economic impacts as the capacity of the aquifer for irrigation decreases.

The fifth scenario assumes that all irrigation is by center-pivot and that irrigation
for corn is reduced by 50%, thus reducing corn yield by 10%. This scenario, derived by
the Docking Institute, represents a hybrid policy alternative based on the findings from
the previous four scenarios. The point of this scenario is to provide a policy direction
that is economically viable and achieves the major policy goal of extending the life of
the aquifer.

Scenario 2: All Center Pivot Irrigation

The second model simply changes the water irrigation methods to all center-
pivot irrigation techniques. Center pivot irrigation uses water more efficiently than flood
techniques and thus requires pumping less water. However, center pivot systems are
costly to install and operate. In this scenario, the farmer replaces labor (time energy
and effort to setup flooded field system) with capital investments and variable costs
with fixed costs. Scenario 2 maintains the same cropping practices and crop

distributions as Scenario 1.

Table 12:
Scenario 2 Findings

Average Net | Standard Average

Present Deviation — Average Change In
Scenario Value per NPV Depletion Saturated

Section Rate Depth
Scenario 1:
Current
Practices $-150,000 $124,000 30.6% -53.9 feet
Scenario 2:
All
Center Pivot $-206,000 $94,000 19.3% -33.1 feet

Not surprisingly, Table 12 shows that using only center pivot irrigation conserves water.

The depletion rate is 19.3% for the twenty-year study period and the change in

saturated depth is -33 feet. This is a considerable improvement over current practices

(Scenario 1). However, the average NPV is negative $-206,000 per section (standard
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deviation = $94,225). The increased negativity in NPV, compared to Scenario 1, can
be traced to the higher fixed and variable costs associated with center pivot irrigation.
The fixed costs are particularly burdensome in those years when the land is either
fallow or used to grow a low revenue crop, such as wheat.
Scenario 3: Center Pivot Irrigation, Water = 50% Current Level

Scenario 3 continues to assume that all irrigation occurs by center pivot
irrigation, except that the quantity of water used for irrigation of all crops is 50% of the
current level. This change in water usage obviously affects the yields of irrigated
crops. Based on experiments conducted by Kansas State University Agricultural
Experiment Station and Cooperative (1999), Table 13 shows how yields are affected for
each crop. Interestingly, corn appears to be the least impacted by this change in

irrigation practice, while alfalfa yields are considerably negative.

Table 13:
Decreases in Yield by Crop When Reducing Water Utilization by 50%
Crop Change in Water Quantity Change in Yield
Corn - 50% - 10%
Soybeans - 50% -20%
Milo - 50% -15%
Wheat - 50% -30%
Alfalfa - 50% -40%

Source: Kansas State University Agricultural Experiment Station and Cooperative

While decreasing the amount of water used for irrigation decreases yield, it also
decreases lift costs and variable costs. Table 14 shows the findings from using center
pivot irrigation and cutting water use to 50% of current levels. Under this scenario,
water is conserved and significant recharge occurs. The depletion rate is -8.8% for the
twenty year study period and the change in saturated depth 12 feet. Thus, this
scenario will actually reverse the long-term depletion of the aquifer. However, there
are substantial declines in yields without reductions in fixed costs. Thus, the NPV
becomes considerably more problematic ($-337,000) when compared to the initial

conditions noted in Model 1.
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Table 14:

Scenario 3 Findings

Average Net | Standard Average
Present Deviation — Average Change In
Scenario Value per NPV Depletion Saturated
Section Rate Depth
Scenario 1
Current
Practices $-150,000 $124,000 30.6% -53.9 feet
Scenario 2
All
Center Pivot $-206,000 $94,000 19.3% -33.1 feet
Scenario 3
Water
Reduced by $-337,000 $84,000 -8.8% 11.9 feet
50%

Scenario 4: Center Pivot Irrigation, Yield Reduced to 90% of Current Level

The fourth scenario continues to assume that all irrigation is by center pivot
techniques, however, this scenario lowers all crop yields by 10% of the fully irrigated
level. Based on experiments conducted by Kansas State University Agricultural
Experiment Station and Cooperative (1999), Table 15 shows how the quantity of water
needed to irrigate each crop is reduced. This change also influences lift costs and

variable costs.

Table 15:
Decreases in Water Irrigated by Crop
Crop Change in Water Quantity Change in Yield
Corn - 50% - 10%
Soybeans -25% - 10%
Milo -34% - 10%
Wheat -23% - 10%
Alfalfa -8% - 10%

Source: Kansas State University Agricultural Experiment Station and Cooperative
Table 16 shows the findings from using center pivot irrigation and reducing the
guantity of water used so that yields are reduced by 10%. The depletion rate is -2%
for the twenty-year study period and the change in saturated depth is 2 feet. Thus, this

model will produce a near-zero depletion outcome as well. However, the average NPV
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is negative $-268,293 per section (standard deviation = $82,409). This NPV per
section is over $100,000 more than current levels (Scenario 1). The increased
negativity in NPV comes from lower yields and thus reduced revenues and the higher
fixed and variable costs associated with center pivot irrigation. Again, the fixed costs
are particularly burdensome in those years when the land is either fallow or used to

grow a low revenue crop, such as wheat.

Table 16:
Scenario 4 Findings

Average Net | Standard Average

Present Deviation — Average Change In
Scenario Value per NPV Depletion Saturated

Section Rate Depth
Scenario 1
Current
Practices $-150,000 $124,000 30.6% -53.9 feet
Scenario 2
All
Center Pivot $-206,000 $94,000 19.3% -33.1 feet
Scenario 3
Water
Reduced by $-337,000 $84,000 -8.8% 11.9 feet
50%
Scenario 4
Crop Yields
reduced by $-268,000 $82,000 -2.1% 2.2 feet
10%

Scenario 5: Center Pivot Irrigation, Corn Irrigation Reduced by 50%

Scenario 5 represents a combination of the first four models. The scenario
assumes that all irrigation occurs by center pivot techniques, while reducing water used
on irrigated corn by 50% (see Table 17). Given that this will reduce corn yield by only
10%, in the opinion of the Docking Institute, this model may represent the most feasible
means to produce a near zero depletion outcome. However, this near-zero depletion

outcome is not without costs.
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Table 17:
Changes in Water Used and Yield by Crop

Crop Change in Water Quantity Change in Yield
Corn - 50% - 10%
Soybeans 0% 0%

Milo 0% 0%
Wheat 0% 0%
Alfalfa 0% 0%

Table 18 shows that this model produces an estimated the depletion rate of
1.74% for the twenty year study period. This means that the change in saturated depth
is about -3.8 feet on average. Unfortunately, the average NPV is negative $-234,403
per section (standard deviation = $86,410). While this is a net decrease of more than
$80,000 compared with current conditions (Scenario 1), the decrease in net value is
similar to that of Scenario 2.. The increased negativity in NPV comes from lower yields

and revenues, and the higher fixed and variable costs associated with center pivot

irrigation.
Table 18:
Scenario 5 Findings

Average Net | Standard Average

Present Deviation — | Average Change In
Scenario Value per NPV Depletion Saturated

Section Rate Depth
Scenario 1
Current Practices

$-150,000 $124,000 30.6% -53.9 feet

Scenario 2
All
Center Pivot $-206,000 $94,000 19.3% -33.1 feet
Scenario 3
Water Reduced
by 50% $-337,000 $84,000 -8.8% 11.9 feet
Scenario 4 Crop
Yields reduced
by 10% $-268,000 $82,000 -2.1% 2.2 feet
Scenario 5
Water for Corn
Reduced by 50% | $-234,000 $86,000 1.7% -3.8 feet
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Conclusions

Table 18 clearly shows that near-zero depletion is attainable, but it will be
expensive for irrigators. In order to achieve the type of policy outcome that many have
been promoting (zero depletion), irrigators will need to complete the switch from flood
to center pivots as well as endure reduced yields for corn. Given the importance of
irrigated agriculture for the economical and social survival of southwest Kansas, one
might argue that the best way to attain this policy outcome is through government
subsidies. The amount of this subsidy will need to have a net present value of $84,000
(over 20 years) per section (2,618 sections). On an annual basis, this represents about
$4,200 per section (in 1998 dollars). This will at least bring irrigators back to the initial

conditions of average net present value per section noted in Scenario 1.

The Docking Institute of Public Affairs: The Value of Ogallala Groundwater © 2001 Page 48



Chapter 6
Conclusion
This report presented the findings of the Docking Institute of Public Affair’'s study
of the economic impact of an acre-foot of water on the economy of Southwest Kansas.
The four primary goals of the study were to:
. Develop current ranges of values for an acre-foot of groundwater from the

Ogallala Aquifer in Southwest Kansas given its current uses.

. Derive an estimate of the total value of Ogallala Aquifer water over the next 20
years.
. Develop feasible scenarios that will extend the life of the aquifer, based on

available technologies.

. Estimate the impact of conservation measures on users and the economy.

To achieve these goals, this study developed a hydroeconomic model for the
water based economy in southwest Kansas. This model integrated climatological and
hydrological considerations with an irrigation/crop component and a finance
component. This integrated model was then used to estimate depletion rates, cash
flows, and economic impact over the twenty-year period of the study.

Five scenarios of water utilization and economic impact were developed and
analyzed. The first scenario modeled the current farming and water utilization
practices. This scenario found that excluding government subsidies, the average net
present value per section over 20 years is $ -150,000, while the saturated thickness of
the aquifer will decrease by about 30%. Including subsidies from external sources, the
analysis found that on an annual basis, the total economic impact on the SWKGMD
area from irrigation was an estimated $188,496,000 in 1998 dollars. This equals about
$80 per acre foot. Over the course of the 20 year period of the study, the net present
value of this impact in 1998 dollars was estimated at $3,769,920,000.

In the remaining four scenarios, the study explored the impact of changing
irrigation methods and water requirements (and thus yields) for irrigated crops on

depletion and the net present value for irrigators. The study found that the most viable
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scenario for achieving near zero depletion is one that changes all flood irrigation to
center pivot and reduces the water utilization for corn by 50%. Significant, the reduced
water for corn will only result in a 10% reduction in yield. However, the cost to the
irrigator of these changes have a net present value per section of -$4,200 annually,

or -$84,000 in 1998 dollars over the course of the 20 year study. The total cost of this
near zero depletion scenario to the collective membership of SWKGMD would be about
$11 million (1998 dollars) annually ($4,200 X 2618 sections). Of course, government
subsidies and low interest loans will substantially lower the cost to members of the
SWKGMD and the cost for individual irrigators will vary by specific circumstances

related to their operations.

The Docking Institute of Public Affairs: The Value of Ogallala Groundwater © 2001 Page 50



References

Bailey, Kenneth D. 1990 "From POET to PISTOL: Reflections on the Ecological
Complex." Sociological Inquiry 60:386-394.

Bittinger, Morton W. and Elizabeth B. Green. 1980 You Never Miss the Water Till....(The
Ogallala Story). Littleton, Colorado: Water Resources Publications.

Boggess, William, Ronald D. Lacewell, and David Zilberman. 1993 “Economics of Water Use
in Agriculture.” Pp. 319-84 in Carlson, Gerald A., David Zilberman, and John A Miranowski
(eds) Agriculture and Environmental Resource Economics. New York: Oxford University
Press.

Buller, Orlan and Jeffrey Williams, 1990. “Effects of Energy and Commodity Prices on
Irrigation in the Kansas High Plains.” Report of Progress 611, Kansas State University,
Department of Agricultural Economics, Manhattan, KS.

Center for the New West. 1992. The Great Plains in Transition: Overview of Change in
America’s New Economy. Denver, CO: Center for the New West.

Conserving the High Plains Aquifer Ad Hoc Committee. 2000. “Federal Actions Necessary for
the Conservation and Environmental Preservation of the High Plains Aquifer.” Topeka, KS:
Report presented to the Director, Kansas Water Office.

Decision Analysis Corporation. 1983 “Technical Review of Study Elements Associated with the
High Plains Study.” Prepared for the Economic Development Administration, Research
Division, ERD-775-G-81-17 (99-7-13584).

Duncan, Myrl L. 1987 "High Noon on the Ogallala Aquifer: Agriculture Does Not Live by
Farmland Preservation Alone." Washburn Law Review 27:16-103.

Duncan, Otis Dudley. 1973 "From Social System to Ecosystem." pp. 107-117 in Michael
Micklin, Population, Environment and Social Organization. Hinsdale, Illinois: Dryden Press.

Freeze, R. A., and J. A. Cherry. 1979. Groundwater. Englewood Cliffs, New Jersey: Prentice-
Hall.

Fund, Mary. 1993. The Ogallala Aquifer: The Challenge to Sustainability in Western Kansas.
Whiting, KS: The Kansas Rural Center.

Green, Donald E. 1973 Land of the Underground Rain: Irrigation on the Texas High
Plains, 1910-1970. Austin, Texas: University of Texas Press.

Gutentag, E.D., Heimes, F.J., Krothe, N.C., Luckey, R.R., and Weeks, J.B. 1984.
“Geohydrology of the High Plains aquifer in parts of Colorado, Kansas, Nebraska, New
Mexico, Oklahoma, South Dakota, Texas, and Wyoming.” U.S. Geological Survey Professional
Paper 1400-B.

The Docking Institute of Public Affairs: The Value of Ogallala Groundwater © 2001 Page 51



Hansen, Cristi. 1991. Estimates of Freshwater Storage and Potential Natural Recharge for
Principal Aquifers in Kansas. Lawrence, KS: U.S. Geological Survey, Report 87-4230.

Hardin Garrett 1968 "The Tragedy of the Commons." Science 162:16-30.

High Plains Council. 1982. “A Summary of Results of the Ogallala Aquifer Region Study with
Recommendations to the Secretary of Commerce and Congress.” Washington, D.C.

Kansas State University Farm Management Guides. Revised October 1999. “Irrigated Crops.”
Manhattan, KS: Kansas State University Agricultural Experiment Station and Cooperative
Extension Service.

Kansas State University Crop Production Handbooks. 1998. Reports for Corn, Sorghum,
Soybean, Wheat, and Alfalfa. Manhattan, KS: Kansas State University Agricultural Experiment
Station and Cooperative Extension Service.

Kansas’ Expert Reports in Support of its Claim for Money Damages For Colorado’s Violations
of the Arkansas River Compact. 1998. Kansas v. Colorado No. 105 Original, U.S. Supreme
Court.

Kromm, David E. and Stephen E. White (eds.) 1992 Groundwater Exploitation in the High
Plains. Lawrence, Kansas: University of Kansas Press.

Kromm, David E. and Stephen E. White. 1987 "Interstate Groundwater Management
Preferences Differences: The Ogallala Region." Journal of Geography, January-
February: 5-11.

Lacewell, Ronald D. 1998 “Water and the Economy of the Great Plains Region.” Pp. 12-17 in
Triplett, Lori L. (eds.) The Great Plains Symposium 1998: The Ogallala Aquifer Determining the
Value of Water. Overland Park, KS: The Great Plains Foundation.

Lockeretz, William. 1978 "The Lessons of the Dust Bowl." American Scientist 66:560-69.
V.L. McGuire and B.C. Fischer, Water-level Changes in the High Plains Aquifer - 1980 to 1998

and 1997 to 1998, USGS, The High Plains Aquifer Page,
http://www-ne.cr.usgs.gov/highplains/hpactivities.html.

Massey, Dean T. and Gordon R. Sloggett. 1984 "Managing Groundwater in the Ogallala
Aquifer for Irrigation.” Oklahoma City University Law Review 9:379-410.

Musick, J.T. and B.A. Stewart. 1992 "lIrrigation Technologies." pp.110-144 in David E. Kromm
and Stephen E. White (eds.) Groundwater Exploitation in the High Plains. Lawrence, Kansas:
University of Kansas Press.

Opie, John.1993 Ogallala: Water for a Dry Land. Lincoln, Nebraska: University of Nebraska
Press.

The Docking Institute of Public Affairs: The Value of Ogallala Groundwater © 2001 Page 52



Phillips, Keith R. 1998 “Market Solutions to Water Allocations.” Pp. 8-11 in Triplett, Lori L.
(eds.) The Great Plains Symposium 1998: The Ogallala Aquifer Determining the Value of
Water. Overland Park, KS: The Great Plains Foundation.

Popper, Deborah and Frank Popper. 1999. “The Buffalo Commons: Using Regional Metaphor
to Envision the Future.” Wild Earth Winter 1999/2000: 30-37.

Popper, Deborah and Frank Popper. 1987. “The Great Plains: From Dust to Dust.” Planning
53(12): 12-18.

Riebsame, William E. 1990 "The United States Great Plains."” Pp. 561-575 in B.L. Turner II,
William C. Clark, Robert W. Kates, John F Richards, Jessica T. Mathews and William B.
Meyers (eds.) The Earth as Transformed by Human Action: Global and Regional changes in
the Biosphere over the Past 300 Years. Cambridge: University Press.

Roberts, Rebecca S. 1992 "Groundwater Management Institutions.” pp. 88-109 in David E.
Kromm and Stephen E. White (eds.) Groundwater Exploitation in the High Plains. Lawrence,
Kansas: University of Kansas Press.

Southwest Kansas Groundwater Management District. 1999. Revised Management Plan 1999.
Garden City, KS: Southwest Kansas Groundwater Management District.

Taylor, Jonathan G., Thomas R. Stewart, and Mary Downton. 1988 "Perceptions of Drought
in the Ogallala Aquifer Region." Environment and Behavior. 20,2:150-175. Templer, Otis W.
1992 "The Legal Context for Groundwater Use." pp.64-87 in David E. Kromm and Stephen
E. White (eds.) Groundwater Exploitation in the High Plains. Lawrence, Kansas: University of
Kansas Press.

Triplett, Lori L. (eds.) 1998 The Great Plains Symposium 1998: The Ogallala Aquifer
Determining the Value of Water. Overland Park, KS: The Great Plains Foundation.

Worster, Donald. 1979 Dust Bowl: The Southern Plains in the 1930s. Oxford: Oxford
University Press.

Zwingle, Erla. 1993 "Ogallala Aquifer: Wellspring of the High Plains." National
Geographic March:80-109.

The Docking Institute of Public Affairs: The Value of Ogallala Groundwater © 2001 Page 53



