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Ogallala Water Coordinated Agricultural Project

Challenge: groundwater (GW) depletion threatens viability of
irrigated agriculture in the Ogallala region (Haaker et al. 2016), with
implications for rural communities and the economy more broadly
(Hornbeck and Keskin 2015)

The Ogallala is the largest aquifer in the US
14 million irrigated acres (USDA)
$20 billion per year in food and fiber production depend on the aquifer
(Little 2009)

Interdisciplinary effort to ‘Optimize Water Use to Sustain Food
Systems’ (USDA AFRI CAP grant)

Private management options: technology, crop, and practice changes

Policy options: pumping restrictions, water prices, payments for
conservation, etc.
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Groundwater Depletion in the Ogallala Region

USGS
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Arkansas River Basin in Kansas
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Well Retirement in the Arkansas River Basin in Kansas

The Conservation Reserve Enhancement Program (CREP) offers $153
to $193 per acre for 15 years to permanently retire irrigated land and
its water right

Program objectives include slowing aquifer depletion and increasing
flow of the Arkansas River
Other programs exist or are proposed with similar objectives (Monger
et al. 2018)

Program cost is $45 million since its start in 2008

Surprisingly little information on the value of program benefits
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Research Questions

What is the value of benefits to agricultural producers from higher
GW levels caused by the Arkansas River CREP program in Kansas?

How much additional water (well capacity) does the program provide
to producers in the region?

What is the value of the conserved water, considering both use (profit,
community) and non-use (bequest) values of GW?

Consider program benefits from 15, 30, and 50 years of retirement
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Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)

Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)

Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Relevant Literature

Natural capital values reflect the present value of the flow of services
provided (Polasky et al. 2019)

Establishing potentially non-constant resource shadow prices is
challenging (Fenichel and Hashida 2019)
Poe and Bishop (1999) demonstrate that incremental WTP for water
quality improvements depends on current exposure to water quality

Qualitative evidence is emerging that producers value GW for more
than its contribution to agricultural profit (Lauer et al. 2018)

Producers state that leaving water for future generations is the top
reason for conservation (Suter et al.)
Hedonic estimates (e.g., Brozovic and Islam 2010) and
profit-maximization models (Hrozencik et al. 2017, Guilfoos 2013,
2016) miss non-use values, and some non-market use values

We use a stated preference valuation function linked to the output of
a physical model to estimate the use and non-use benefits to
agricultural producers of a USDA program that conserves GW stocks

Manning, Rouhi Rad, Suter, Goemans, Xiang, Bailey Water Right Retirement Washington, DC 8 / 35



Groundwater Depletion in the Ogallala Region
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Groundwater Terminology

Saturated thickness - vertical
distance permeated by water,
measures resource stock in a location

Well capacity (yield)- max flow
rate (gallons per minute) a well can
sustain over a period of time

Well capacity is an increasing
function of saturated thickness at the
well, and is known by producers
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1. Value of Groundwater

We model a producer’s marginal WTP (mWTP) for GW, conditional
on the current stock, measured by well capacity, xit , in the area of a
well

Summing across changes for N producers gives aggregate value
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Approximating mWTP

To estimate use and non-use values of GW, we use a dichotomous
choice WTP question that asked producers in the Ogallala Region if
they support an aquifer recharge program that costs $x per well and
increases well capacity by 100 GPM in their area

532 irrigators responded (16% response rate), providing the county of
their operation and current well capacities

ln(∆WTPi ) = β0 + β1xi + β2zi + εi (1)

xi is well capacity averaged across producer i ’s wells

zi is climate in the county (30-year average temperature and
precipitation during the growing season (PRISM))
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Approximating mWTP in the Study Area

We predict ∆WTPi
∆xi

≈ mWTPi for each well in the Arkansas River
Basin of Kansas as a function of average well capacity (GPM) within
1 mile and climate at that well
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2. Groundwater Model and Pumping

We use the Kansas Geological Survey’s (KGS’) MODFLOW model
(Liu et al 2010; Harbaugh 2005)

Estimates saturated thickness over time on a 1 mile-by-1 mile grid
covering the Arkansas River Basin

Annual pumping based on weather-dependent historic levels (from
KGS)

Simulate for 15, 30, and 50 years, starting in 2008

Baseline: all wells pump at historical levels
CREP: Pumping at retired wells set to 0
Convert changes in saturated thickness to changes in well capacity
using fitted function and historical data from Haacker et al. (2016) and
KGS
Integrate from current to future well capacities at all wells, sum across
wells and compare change in values
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Results: Policy Impacts
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Results: Policy Impacts over Space
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Discussion and Policy Implications

The CREP program is difficult to justify from a benefit-cost
perspective, considering only producer values in the Arkansas River
Basin

Comparing our results to Hedonic analyses (Brozovic and Islam 2010)
suggests relatively small non-use benefits

Producers may not consider some non-use or non-market use benefits
(Johnston et al. 2017)

Program could be justified by additional benefits to non-producers
(though they would have to be large considering only the local
population) or governments meeting flow requirements

Local nature of impacts suggests the importance of spatial targeting
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Lessons Learned from Interdisciplinary Project

Both economic and physical models could be adapted to improve
integration

MODFLOW head levels to well capacity
Economic valuation of impacts predicted through models, potentially
accounting for non-constant marginal benefits
Even for estimation of market benefits: crop-water production functions

Using valuation methods to value natural capital has unique
challenges

How does policy change (beliefs about) resource dynamics and
competition, and become capitalized in resource values (Edwards
2016)?
Better to directly value a stock or value the flows over time?
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Economic valuation of impacts predicted through models, potentially
accounting for non-constant marginal benefits
Even for estimation of market benefits: crop-water production functions

Using valuation methods to value natural capital has unique
challenges

How does policy change (beliefs about) resource dynamics and
competition, and become capitalized in resource values (Edwards
2016)?
Better to directly value a stock or value the flows over time?
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Thanks!
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Results: Baseline
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1. Value of Groundwater

We model a producer’s marginal WTP (mWTP) for GW, conditional
on the current stock, measured by well capacity, xit , in the area of a
well

Indirect utility depends well capacity around producer i ’s well at time
t and on exogenous non-farm income, mi

V (xit ,mi ) is the discounted flow of utility from time t to the end of a
planning horizon, T

Depends on beliefs about the change in xit moving forward as
producers in an area make optimal pumping decisions

With constant marginal utility of non-farm income, δ, the mWTP for
GW is 1

δ
∂V
∂xit

We examine the value to producer i of changes in well capacity
between two levels, x0

it and x1
it (Fenichel and Hashida 2019)
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Results: Policy Impacts
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