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Abstract 

Resource managers increasingly employ extraction limits to address the overextraction of 
shared resources, but researchers have not explored how these limits affect production risk.  In 
this paper, we investigate how local groundwater quantity restrictions (GQRs) in the Ogallala 
Aquifer Region affect the cost of crop insurance, a cornerstone of agricultural risk management. 
We exploit variation in timing of GQR implementation from counties in the Region from 2002 to 
2016 to test if GQRs affect insurance prices and trigger shifts in farmer coverage decisions.  We 
find that QCRs increase overall insurance costs, with much of the burden falling on the federal 
government through increased subsidy dollars paid. These results highlight important 
interactions between conservation and risk management policies that influence both farm-level 
decisions and public expenditures. 
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1. Introduction 

Groundwater supports irrigated agriculture across the world by providing nearly half of 
irrigation water for food production (Siebert et al 2010). The common-pool nature of 
groundwater leads to inefficient rates of depletion (Auschbach-Hertig & Gleeson, 2012, de 
Frutos Cachorro et. al 2021), with important implications for food security and markets (Perez et 
al. 2024). To prevent overexploitation, regulators have implemented groundwater quantity 
restrictions (GQRs), particularly at the local level (Wang, Park, & Jin, 2015). GQRs alleviate 
common-pool resource market failures in groundwater allocation (Koundouri, 2004) by placing a 
limit on the amount of groundwater that farmers can use within a given period (Hrozencik et al., 
2024).  This leads to higher groundwater levels over time but also increases production risks 
(Lejars et al., 2012).  Previous research on GQRs has explored the impacts of GQRs on irrigation 
(Drysdale & Hendricks, 2018, Smith et. al 2017) and land values (Ifft, Bigelow, & Savage, 2018, 
Edwards, 2016), but impacts to risk management expenditures remain unexplored.  

In the United States (US), crop insurance is a prominent risk management tool that facilitates 
investment and stability in food production by protecting farmers from yield losses and price 
volatility (Coble & Barnett, 2013). Through the Federal Crop Insurance Program (FCIP), the US 
government spends an average of $3.7 billion per year on crop insurance subsidies (USDA-RMA, 
2022).  Sloggy et. al (2025) and Deryugina & Konar (2017) find that crop insurance policies 
influence groundwater use, establishing a connection between water use and risk management. 
While water supply requirements for irrigated insurance (USDA, 2021) could limit impacts to 
yield risks, the impact of GQRs on insurance expenditures depends on how producers and 
policymakers respond to the change in water access.  

In this paper, we estimate the impact of local GQRs on federal agricultural risk management 
expenditures. First, we estimate how GQRs impact the insurance price that producers pay 
(defined as the premium paid per covered value). Next, we test the margins along which 
agricultural producers respond to new crop insurance prices. Producers can respond along the 
extensive margin by changing the number of acres insured, and/or along the intensive margin 
by adjusting the coverage level of the acres already insured. Finally, we ask how GQRs affect 
total crop insurance expenditures and how those expenditures are split between agricultural 
producers (through increased insurance premiums) and the federal government (through 
increased subsidy payments). 

Quantifying the impact of GQRs on risk management expenditures informs the design of both 
natural resource conservation and insurance policies. It also provides insights for insurers, who 
may adjust pricing or subsidies in response to GQRs while considering how insurance 
expenditures influence groundwater use. For natural resource managers, recognizing these 
interactions between policies can help better account for overall program costs, inform optimal 
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pumping limits, and highlight potential benefits of policy flexibility.  If GQRs increase insurance 
expenditures, that could place additional financial pressure on agricultural producers that rely 
on irrigation. Higher crop insurance prices may also affect how agricultural producers choose to 
use their land, encouraging shifts toward less water-intensive crops (Deryugina & Konar, 2017, 
Ghosh, Miao, & Malikov, 2021) or even reducing cultivated acreage (Goodwin, Vandaveer, & 
Deal, 2001). Observed changes in water use after policy changes (e.g., the impact of GQRs on 
water use in western Kansas (Drysdale & Hendricks, 2018)) may reflect the impacts of both 
conservation policies and changes in insurance expenditures. These potential changes highlight 
the need for researchers and policymakers to consider how resource conservation policies 
interact with risk management tools. 

We leverage a natural experiment in which local governments enacted GQRs at different times 
across resource management districts in the Ogallala Aquifer region of Kansas & Nebraska. We 
merge information on the timing of GQR implementation with county-level data from the USDA 
on insurance rates under the FCIP. We also use the Risk Management Agency’s (RMA’s) 
Summary of Business (SOB) Reports to include data on county-level values of subsidy, liability, 
producer premium paid, insured acreage, and coverage levels, focusing on outcomes for 
irrigated corn producers. Our study focuses on irrigated corn producers because corn 
production is an economically valuable crop in our study region (Guru & Horne, 2024), 
representing 39% of insured crop acreage in the study area. We use our dataset to test if GQRs 
change crop insurance expenditures for producers.  We then test for changes in coverage 
decisions and explore policy incidence by estimating how the government and agricultural 
producers share impacts to risk management expenditures. 

We find that from 2002 to 2016, GQRs increase corn producers’ crop insurance price per unit of 
insured liability by $1.7 for every $100 of liability purchased, representing 35 percent of the 
mean insurance base price. As prices increase, agricultural producers respond by shifting to 
policies with lower coverage levels. Although lower coverage levels are cheaper relative to 
higher coverage levels, we find that the overall increase in insurance prices across all coverage 
levels is enough to increase total insurance expenditures. We find that implementing a GQR on 
all irrigated corn acres in a county increases annual insurance expenditures by 48% from an 
average of $2.2 million per year. Lower subsidy rates at lower coverage levels imply that the 
federal government bears a larger share of the increased insurance expenditures.  Consistent 
with this, we find that subsidies paid per county increase by 84% while premiums paid by 
agricultural producers increase by just 27%.  

This paper builds on four areas of existing research related to GQRs and crop insurance. First, a 
growing body of work explores how conservation policies influence water use, land values, and 
economic returns in agriculture. Drysdale & Hendricks (2018) find that GQRs reduce irrigation in 
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resource districts and Smith et al. (2017) show that local groundwater price interventions 
decrease groundwater withdrawals. Despite this, Ifft, Bigelow, & Savage (2018) report no 
discernible impact of GQRs on farmland values. Steiner et al. (2021) find that a GQR policy in 
Kansas had little impact on farmer incomes even while farmers exceeded conservation targets. 
Gisser & Sanchez (1980) and Burnett & Wada (2014) assess the economic efficiency and value of 
groundwater management, with the former developing a model that suggests minimal impact 
on farmer welfare and the latter finding that groundwater recharge strategies generate 
significant economic returns. While these studies provide key insights into the agricultural 
effects of groundwater policies, they do not consider how conservation measures might alter 
risk management costs. 

Another relevant body of research examines the determinants of crop insurance pricing and the 
impacts of insurance subsidies paid by the federal government. Woodard (2014) finds that the 
sample period used to assess weather variability in FCIP rate-making introduces bias. Woodard 
& Verteramo-Chiu (2017) show that the government's failure to account for soil information 
reduces the efficiency of the FCIP. Goodwin & Smith (2013) examine how the FCIP’s public-
private partnership affects taxpayer-funded subsidies and how congressional Farm Bills have 
influenced these payments over time. Other research has focused on how changes in insurance 
subsidies affect agricultural risk management. O’Donoghue (2014) finds that increased subsidies 
lead to higher crop insurance policy coverage levels and modest increases in insured acreage. 
Ghosh, Miao, & Malikov (2021) find that these higher subsidy payments lead to larger 
groundwater withdrawals for irrigation.  

A third area of relevant research involves overlapping regulations from federal, state, and local 
levels (e.g., Goulder & Stavins, 2011). Though some studies have placed overlapping regulatory 
structures into the context of federalism (e.g., Revesz, 2001), others have argued that they are 
instead a set of second-best policies (e.g., Bennear & Stavins, 2007). In the case of overlapping 
regulations, federal level regulations often set a baseline, and state, regional, or local level 
regulations are stricter (Goulder & Stavins, 2011). Other authors have argued that using 
principles of federalism in regulating environmental issues can be beneficial and have called for 
research into ecological federalism (Sims et al., 2023). Many studies on this topic examine 
policies that directly regulate the same activity, for instance car emissions (Carlson, 2003, Leach 
et al., 2021); however, fewer studies look at overlapping regulations with separate targets that 
affect the same system, such as the one studied here. Though federalism is often associated 
with policy in the United States, this topic has also been examined in China (Teets et al., 2021). 
This topic is particularly important for water management, where resources span many states 
and include decision makers at the federal, state, and local levels (Frankel et al., 2024). However, 
there is a gap in this area when looking at policies enacted at different levels of governance to 
regulate different aspects of the same system.  
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Finally, a fourth body of research on hydro-economic modeling underscores the welfare benefits 
of coordinated groundwater management, especially when accounting for factors like soil 
characteristics, well capacity, and spatial externalities (Hronzencik et al., 2017, Guilfoos et al., 
2013, Guilfoos & Merrill, 2018). Recent advances have integrated economic, agronomic, and 
hydrologic models to assess conservation strategies (Rouhi Rad, Araya, & Zambreski, 2020), but 
these models often exclude key tools for managing risk, such as crop insurance.  

We contribute to the agricultural and natural resource economics literature by integrating 
insights from applied econometrics to better understand insurance pricing and federal policy 
responses to local changes in natural resource access. We are the first to estimate how GQRs 
affect crop insurance expenditures and to explore the incidence of changes in these 
expenditures. Our results suggest that federal policy may alleviate the local expenditures of 
resource policies.  Additionally, insurance prices can play a role in groundwater use and 
availability (Sloggy et al., 2025), and hydro-economic models may need to incorporate insurance 
dynamics to better capture how risk management influences pumping behavior.  Our results call 
attention to the need to incorporate policy interactions in collective decision making.   

The rest of this paper is organized as follows. Section 2 provides background on groundwater 
depletion and management policies, as well as more information on subsidies within the FCIP. In 
Section 3, we develop a conceptual model connecting GQRs to risk management costs. In 
Section 4, we discuss our dataset and the natural experiment used to explore the impact of 
GQRs on crop insurance prices and describe the empirical model we use to test that 
relationship. We present our results in Section 5.  Finally, in Section 6, we conclude by discussing 
the implications of our work for policy design and future research. 

 

2. Background 

2.1 Groundwater depletion 

Groundwater comprises the vast majority of the planet’s liquid freshwater supply, with roughly 
99% stored underground (Shiklomanov & Gleick, 1993). Groundwater has become the primary 
source of consumptive water for billions of people around the world (Jasechko & Perrone, 2021, 
Zektser & Everett, 2004). It is also an essential input into global food production (Siebert et. al 
2010). Despite its importance, the global value of groundwater is difficult to price due to 
missing markets (Rouhi Rad et al., 2020), a growing population globally, the advancement of 
climate change, and uncertainty regarding groundwater depletion1. Groundwater depletion has 

 
1 Groundwater depletion has been defined as the multi-year withdrawal of groundwater from an aquifer at a rate 
faster than its replenishment, often causing groundwater level declines and volume reductions (Margat et al. 
2006). 
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also been linked to issues with sea level rise (Konikow, 2011), deteriorating water quality (USGS, 
2018), and lower levels of above-ground aquatic resources such as lakes and streams (Tuluram 
& Krishna, 2009, Brozoviƈ & Kuwayama, 2013).  

Inefficient groundwater depletion results from individually optimal extraction that does not 
account for the external costs placed on other individuals extracting from the same stock 
(Shepler et al. 2019).  This problem is further worsened by the fact that many local (and federal) 
governments around the world have failed to legislate groundwater in a timely manner prior to 
its scarcity approaching critical levels (Nayak 2009, Reddy 2005).2 Evidence points toward local 
management of groundwater resources being preferred to national or global policy solutions 
(Foster et al. 2013), both for geographic and hydrogeologic reasons. A variety of policies have 
been implemented at the local-level around the world to curb groundwater depletion (Endo 
2015), including direct regulation, market-based approaches, and community management (Ifft, 
Bigelow, & Savage, 2018, Drysdale & Hendricks, 2018, Kataoka, 2006).  

2.2  Groundwater Management on the Ogallala Aquifer 

Groundwater is also an essential resource in the US, making up 26% of the freshwater 
withdrawn (USGS, 2009). A key source of agricultural groundwater in the United States is the 
Ogallala Aquifer, which is the largest aquifer in the country and the source of 30% of all 
groundwater used for agricultural irrigation (Dennehy, 2000). The Ogallala Aquifer is situated in 
the High Plains region, providing water to residents of 215 counties in Texas, Oklahoma, Kansas, 
Nebraska, South Dakota, Wyoming, Colorado, and New Mexico (Gollehon & Winston, 2013). 
Previous estimates of the Ogallala Aquifer’s value have exceeded $20 billion (Little, 2009), 
mostly due to its importance to the agricultural sector. The 112 million acres of land the aquifer 
is situated upon produces over a fifth of the US’s corn, wheat, and cotton supply (Houston et al., 
2013). Outside of agriculture, the Ogallala Aquifer also provides drinking water to over 2.3 
million people (Houston et al., 2013).  

The Ogallala Aquifer has traditionally been considered a common pool resource since producers 
fail to internalize costs imposed on other extractors (Lauer et al., 2018). This would suggest that 
the Ogallala is at high risk of depletion in the absence of any conservation policies. Previous 
depletion estimates of the Ogallala have determined that the aquifer, containing 3,608 km3 of 
groundwater, loses 410 km3 annually (USGS, 2018). The Ogallala’s depletion from 2001 to 2008 
was 32% of the total depletion from the previous 100 years. (Konikow, 2013). Depletion of the 
Ogallala Aquifer resulted in an annual loss of $110 million in value in Kansas alone between 
1996 and 2005 (Fenichel et al., 2016). 

 
2 In some cases, policies can contribute directly to depletion. For example, in India, many agricultural 
groundwater users receive free electricity for pumping (Kondepati 2013). 
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Groundwater depletion on the Ogallala Aquifer is exacerbated by heterogenous management by 
the eight different states that overlay it. For example, in Kansas and Colorado, groundwater 
rights are managed through prior appropriation, where senior water rights holders are granted 
preference to junior holders (White & Krom, 1995), while Texas governs groundwater under 
“rule of capture”, where landowners can withdraw as much groundwater as is feasible. Over the 
last few decades there has been a transition toward local management of groundwater 
resources. These local institutions have included “Groundwater Management Areas” in 
northern Texas, which mostly focus on monitoring use and identifying technology-based 
conservation solutions for their region (HPWD, 2022).  

Nebraska has taken a different approach. The state has been split into “natural resource 
districts” (NRDs), which manage groundwater (among other resources) through a variety of 
quantity and quality regulations. These policies include tradable groundwater permits, 
restrictions on expanding the number of acres you can irrigate on your property, moratoriums 
on drilling any new wells, and GQRs. In some NRDs, these measures are automatically triggered 
when groundwater levels fall below a predetermined threshold. In others, the decision rests 
with NRD resource managers. In both cases, their enactment is difficult for farmers to 
anticipate, making these policies plausibly exogenous. 

Of the policies mentioned, GQRs (called “pumping restrictions” in Kansas and “allocation 
schemes” in Nebraska) have received the most attention from researchers3 (Drysdale & 
Hendricks, 2018, Ifft, Bigelow, & Savage, 2018, Deines et al. 2019). These policies typically 
restrict the amount of groundwater an agricultural producer can access within a set time 
period, ranging from one year to five, creating a binding constraint on their ability to access 
groundwater (Schoengold & Brozovic, 2018). In total, nine resource districts in Nebraska and 
one groundwater management area in Kansas have adopted a GQR as a means of conserving 
groundwater stocks. 

One example of a GQR comes from the Sheridan 6 Local Enhanced Management Area (LEMA) in 
Kansas (Figure 1), which states that- 

 

“Each irrigation water right within the Sheridan 6 LEMA shall be limited to a 
total maximum quantity of 55 inches per irrigated acre for the Sheridan 6 
LEMA Period. This five-year quantity of 55 inches shall be known as the ‘initial 
irrigation allocation’, …” 

 
3 Pumping restrictions were implemented at the local level in both Nebraska and Kansas. 
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In the Sheridan 6 LEMA, the GQR was initially instituted from January 2013 through December 
2017, with a goal of diverting no more than 114,000 acre-feet of water during the five-year 
period (Sheridan 6 LEMA, 2012). On January 1, 2018, the GQR in the LEMA was renewed until 
December 31, 2022. 

 

 

Figure 1: Map of pumping restriction coverage in Kansas in Nebraska from 2002 to 2016 

Using a difference-in-differences econometric framework, Ifft, Bigelow, and Savage (2018) find 
that GQRs generally had no impact on farmland values in Nebraska from 1999 to 2012. 
However, they do find a heterogenous impact in parts of the state which rely more heavily upon 
irrigated crop production. Prior research focused on the GQR implemented in the Sheridan 6 
LEMA found that the policy induced a 26% decline in irrigation across the district (Drysdale & 
Hendricks, 2018). That finding is supported by Deines et al. (2019), who find that the reduction 
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in irrigation mostly came through improvements in pumping efficiency and switching to crops 
that are less water intensive.  

2.3 Insurance subsidies 

The FCIP was created in 1938 to (i) provide income protection to farmers, (ii) stabilize farm 
buying power, and (iii) guarantee food supplies to consumers (NAIC, 2020). The program has 
been managed by the RMA of USDA since 1980. The FCIP functions as a public-private 
partnership where private insurance companies sell insurance products, and the federal 
government provides support by setting rates and providing financial support for operating 
expenses and re-insurance (Glauber, 2016). The FCIP provides several varieties of insurance 
products for producers, including yield insurance, revenue insurance, and others (Shields, 2009).   

One of the key mechanisms through which the federal government supports the public-private 
partnership of the FCIP is by subsidizing a substantial portion of producers’ insurance premiums, 
thereby reducing the cost of risk management and incentivizing crop insurance adoption. 
Roughly 60% of insurance policy premiums are paid by federal subsidies (Goodwin & Smith, 
2013). The subsidy rates vary based on the crop insurance policy type and coverage level 
selected by the policyholder (Young, Vandeveer, & Schnepf, 2001).  Subsidy rates typically 
decline as coverage levels increase, meaning producers receive less financial support per 
premium dollar for higher coverage levels (Yi, Bryant, & Richardson, 2020). 

Evidence suggests that crop insurance subsidies have a distinct influence on a set of producer 
decisions. Higher subsidy levels have influenced farmers to plant riskier crops, insure more 
acreage, and increase the coverage level of their insurance policy (Yu & Sumner, 2018, Yu, 
Smith, & Sumer, 2018).  Higher subsidies also incentive agricultural producers to use more water 
for irrigation (Ghosh, Miao, & Malikov, 2021). Ghosh, Miao, & Malikov (2021) find that increases 
in irrigation occur through surface water withdrawals, however, Sloggy et al. (2025) find that 
irrigation through groundwater applications can also increase with higher subsidy rates. 

Groundwater access is a key determinant of agricultural production risk (Foster, Brozović, & 
Butler, 2017), implying that GQRs may substantially affect how farmers and federal insurance 
administrators perceive production risk. Such changes can impact the per-dollar cost of liability 
coverage, resulting in higher premiums for producers. Because crop insurance subsidies are 
calculated as a share of total premiums, higher premiums induced by GQRs could translate into 
greater public expenditures. This creates the potential for unintended policy interactions 
between federally funded crop insurance and locally implemented groundwater management 
policies.  
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3. Conceptual Framework 

In this section, we outline the conceptual pathways through which GQRs may increase crop 
insurance expenditures and influence producer decisions. Figure 2 summarizes the main 
channels and corresponding hypotheses that guide our empirical analysis. 

 
Figure 2:  Hypothesized impact of GQRs on Crop Insurance Expenditures. Implementation of a GQR in a groundwater 

management district increases the risk associated with irrigated production. This leads to a higher baseline 
(unsubsidized) insurance price through the “insurance cost effect.” The higher unsubsidized price results in larger total 

insurance expenditures through increased producer premiums and government subsidies, constituting a “distributional 
effect.” These changes, along with potential shifts in producer behavior, influence the incidence of higher insurance 

expenditures. 

Irrigation serves as a key risk management tool for farmers, particularly in drought-prone 
regions (Deb et. al, 2022). We hypothesize that when irrigation is restricted, farmers face more 
uncertainty in maintaining yields, prompting insurers to reassess the risk associated with 
providing coverage. This mechanism is what we refer to as the “insurance cost effect”, where 
increased production risk leads to a higher baseline price of insurance. We begin by testing 
whether baseline (unsubsidized) crop insurance rates increase in regions that implement GQRs, 
reflecting higher production risk estimated by federal insurance administrators.  

Higher baseline rates for a crop insurance policy imply that there will be a higher premium 
charged to farmers unless the increased expenditures are fully subsidized. Moreover, because 
crop insurance subsidies are typically structured as a percentage of the total premium, higher 
baseline rates also lead to larger subsidy payments by the federal government even without a 
change in the policy rate. We expect that both the premiums and subsidies per level of liability 
should increase for agricultural producers in the regions that implement GQRs.  
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Observed increases in insurance premiums caused by GQRs are likely to be shared between 
producers and the federal government. This “distributional effect” is illustrated in Figure 2, 
where higher unsubsidized insurance prices translate into both higher producer-paid premiums 
and increased government subsidies. We assess the incidence of GQRs by estimating how total 
subsidies and producer premiums respond at the county level. 

However, rising insurance expenditures may also prompt producers to change how they manage 
risk, capturing the “behavioral response” pathway in Figure 2. Faced with higher premiums, 
producers may switch to insurance products with lower coverage levels or reduce the number 
of acres they insure, particularly on marginal land. These choices can decrease insurance 
expenditures but also reduce the expected benefit of insurance. To test for such responses, we 
examine how GQRs influence coverage level selection and insured acreage decisions. 

Both the distributional and behavioral responses play a role in determining the incidence of 
increased risk management expenditures resulting from GQRs. We define incidence as the share 
of the total increase borne by producers (through premiums) versus the federal government 
(through subsidies). We estimate the incidence of these increased expenditures to understand 
how the financial burden of groundwater regulation falls across producers and the federal 
government. 

 
4. Data and context 

To estimate the impact of groundwater management policies on crop insurance rates, we 
construct a panel dataset of all counties with agricultural production above the Ogallala Aquifer 
from 2002 to 2016, a time period which saw multiple resource districts implement GQRs. Table 
1 provides an overview of select variables in our analysis. 

Our dataset reports the share of each county covered by groundwater management policies. 
The specific groundwater management policies include: a GQR, a stay on irrigated acres, or a 
moratorium on drilling new groundwater wells. Information regarding groundwater 
management policies, including implementation dates and policy specifics, were collected from 
a combination of information reported on natural resource district websites, email 
correspondence with district offices, and phone conversations with employees. Identifying 
variation in this research not only comes from the policies being passed at different points in 
time in our sample period, but also from the share of the county covered by a pumping 
restriction. Groundwater management policies in Nebraska are implemented at the resource 
district level, whose boundaries are not congruent to county lines, evidenced by the map in 
Figure 1, resulting in pumping restrictions covering varying shares of a county. 
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We also use data on insurance related to irrigated corn in our study area. Insurance variables, 
including subsidy payments, policy premium amounts, liability values, insured acreage, and 
coverage levels,4 were obtained from the USDA's SOB Reports (USDA, 2022). Insurance rate 
parameters, which are separated by crop and irrigation practice type, are obtained from RMA 
(RMA, 2021). We obtain data from NASS on the yield for each crop.  

Our analysis includes controls for environmental and weather conditions—specifically, the 
Palmer Drought Severity Index (PDSI), temperature, and precipitation—as well as county-level 
measurements of saturated thickness in the Ogallala Aquifer. PDSI, obtained from NOAA (Dai et 
al. 2004, NCEI 2025) is measured specifically for agricultural land.5 Daily average temperature 
and total precipitation over agricultural land by year were acquired from Gridmet (Abatzoglou, 
2013). Saturated thickness, a measure of the distance between a water table and bedrock 
surface (USGS, 2012), is obtained from Haacker, Kendall, and Hyndman (2016). 

 

 
4 In the FCIP, “coverage level” refers to the percentage of expected revenue that is insured under a crop insurance 
policy and is chosen by the farmer. In the event of a crop loss, farmers should expect to receive an indemnity 
payment that is equal to the “coverage level” x “APH” x “price of crop”; where APH refers to a calculation of 
average yields in a farmer’s recent history. When realized revenue exceeds the insured revenue threshold 
(coverage level × APH × price), no indemnity is paid. 
5 Land deemed as "agricultural land" was determined by the USGS's National Land Cover Database 
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Empirical specification 

After constructing our dataset, we estimate the effect of GQRs on crop insurance expenditures. 
Our fixed-effects model is specified as follows: 

 

𝑦𝑦𝑐𝑐𝑐𝑐 = 𝛿𝛿𝐴𝐴𝑐𝑐𝑐𝑐 + 𝛽𝛽𝑋𝑋𝑐𝑐𝑐𝑐 + 𝜃𝜃𝑐𝑐 + 𝛾𝛾𝑠𝑠𝑠𝑠 + 𝜀𝜀𝑐𝑐𝑐𝑐  (1) 

  

Where 𝑦𝑦𝑐𝑐𝑐𝑐 denotes our outcome of interest in county c and year t, aggregated across all crop 
insurance policy types. We estimate models for three classes of outcomes. First, we examine 
measures of crop insurance pricing, including the unsubsidized rate reported by the RMA and 
per-liability policy expenditures. Second, we consider insurance decisions made by irrigated 
corn producers, specifically their chosen coverage levels and the number of acres insured. Third, 
we estimate models where the outcome reflects the total expenditures of the crop insurance 
program, including federal subsidy payments, producer-paid premiums, and the sum of both. 

𝐴𝐴𝑐𝑐𝑐𝑐 represents the share of a county covered by a GQR in county c and year t. The goal of our 
research is to identify 𝛿𝛿, the effect of GQRs on crop insurance expenditures and decisions. 𝑋𝑋𝑐𝑐𝑐𝑐 is 
a vector of controls that includes measures of groundwater depth (saturated thickness), the 
presence of other types of groundwater management policies (moratoriums on drilling wells or 
irrigating more acres), and weather (last year’s total precipitation, average maximum 
temperature, and planting season PDSI). We include county-level fixed effects, denoted as 𝜃𝜃𝑐𝑐, 
which account for any time-invariant heterogeneity in county c. We also include state-year fixed 
effects, 𝛾𝛾𝑠𝑠𝑠𝑠, which account for any policies passed or statewide environmental shocks in state s 
in year t. 𝜀𝜀𝑐𝑐𝑐𝑐 is the error term clustered at the county level. 

 

5. Results 

This section presents our main empirical findings on how groundwater quantity restrictions 
(GQRs) affect crop insurance pricing, agricultural producer insurance decisions, and risk 
management expenditures. We first assess the effect of GQRs on crop insurance pricing. Table 2 
presents four specifications that depict how GQRs alter the cost structure of irrigated corn 
insurance. Column (1) shows the impact of GQRs on the unsubsidized insurance rate for 
irrigated corn. Coefficients describe the impact of implementing a GQR over 100% of a county’s 
area. Our results indicate that GQRs increase the baseline price per dollar of liability before 
government support by $1.70 per $100 of liability, which represents a 35% increase in the 
unsubsidized insurance rate relative to the sample mean of 0.05.  
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Column (2) of Table 2 presents estimates of GQRs’ impact on the total expenditures of crop 
insurance for irrigated corn, which includes both producer-paid premiums and federal subsidy 
contributions, per dollar of liability. We examine this outcome separately because it reflects the 
realized financial burden of insuring under a GQR regime, accounting for behavioral 
mechanisms like shifts in coverage level. Additionally, we disaggregate results by coverage level 
in Column (2), allowing us to evaluate whether the financial impacts of GQRs vary across 
different insurance choices. 

The first row of Table 2, Column (2) reports the average effect of GQRs on total insurance 
expenditures (per liability) across all policies within a county-year. This estimate shows that 
GQRs are associated with a statistically significant increase in total insurance expenditures, 
raising total expenditures for irrigated corn of policies by $0.009 per dollar of liability. For 
context, the average amount of liability for irrigated corn in a county is $18.4 million, meaning 
that GQRs on average increase expenditures by $165 thousand at the county level. Results in 
the subsequent rows are disaggregated by coverage level, allowing us to assess whether the 
impact of GQRs on total program expenditures vary across different insurance choices.  Each 
coefficient estimate is from estimating equation 1 using the dependent variable reported only 
for coverage levels in the range indicated on the left side of the table.  We do not find that 
insurance expenditures differ significantly for policies at lower coverage levels. However, 
policies at the highest coverage levels (90-100%) observe an increase of $0.023 per dollar of 
liability in total crop insurance expenditures. 

Column (3) of Table 2 contains estimates for the increase in insurance expenditures per dollar of 
liability that agricultural producers face.  This is the policy premium after the application of 
federal insurance subsidy. Row 1 shows that there is not a statistically significant increase in 
producer’s insurance expenditures per liability when looking across all coverage levels. We do 
find that there is a small increase ($0.003) in premiums per liability for producers who choose 
policies with coverage levels between 60 and 80%. The largest increase in premiums is observed 
in irrigated corn policies at the highest coverage levels (90-100%), with an increase of $0.008 
per dollar of liability. 

In Column (4) of Table 2, GQRs are associated with a $0.04 increase in federal subsidy payments 
per dollar of liability for irrigated corn, as shown in the aggregate estimate across all coverage 
levels (Row 1). Estimates using coverage-level subsamples (Rows 2–6) yield similar point 
estimates between $0.04 and $0.07. Consistent with other results in the table, we find that 
policies with the highest coverage level receive the largest increase in subsidies per dollar of 
liability. 
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In Table 3, we evaluate how irrigated corn producers respond to increased crop insurance 
expenditures shown in Table 2. Columns (1) and (2) display coefficient estimates for the impact 
of GQRs on the average coverage level chosen (weighted by insured acreage) for irrigated corn 
insurance policies. We find that irrigated corn farmers choose policies with lower coverage 
levels in counties with greater coverage by GQRs. We find statistically significant effects in both 
linear and log specifications. The linear model implies a 1.5 percentage point reduction in 
coverage level, while the log model suggests a 1.8% decline, capturing the elasticity of response 
to an increasing share of a county covered by a GQR. 

We also evaluate irrigated corn producers’ decision about how many acres to insure in counties 
with greater coverage by GQRs in Table 3. Column (3) contains coefficient estimates for the 
impact on insured acres in levels, Column (4) has coefficient estimates on logged insured acres. 
In Row 1, we find no statistically significant change in insured acreage, whether measured in 
levels or logs. We do find a decline in the logged insured acres in the counties with greater 
coverage by GQRs in some individual coverage level ranges. For example, we find a statistically 
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significant coefficient estimate of -0.159 for the impact of GQRs on insured acreage with 
irrigated corn policies with coverage levels between 60 and 69%. That means that if a county 
went from no coverage by a GQR to being completely covered by the policy, there would be a 
15.9% decline in the number of acres insured with coverage levels between 60 and 69%. 

 

 

 

Finally, Table 4 investigates how the changes in insurance pricing and coverage choices driven by 
GQRs translate into total program expenditures. In Column (1), we measure the change in 
overall crop insurance expenditures at the county level, measured as total premium payments 
plus total subsidies. The first row shows results pooled across all coverage levels, while 
subsequent rows break the analysis out by coverage range by estimating equation 1 on 
dependent variables only from the coverage ranges indicated on the left-hand side of the table. 
In Row 1, we find an increase in total crop insurance expenditures. Our coefficient estimate 
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indicates that counties moving from no GQR coverage to full coverage experience a $1.06 
million increase in total insurance expenditures. We find statistically significant increases in total 
risk management expenditures across all coverage ranges, except for policies with coverage 
levels between 80% and 89%. These results suggest that GQRs lead to broad-based increases in 
insurance program expenditures, regardless of producers' specific coverage choices. 

 

 

 

With evidence that GQRs increase the total expenditures of crop insurance, we next assess how 
this added financial burden is shared between agricultural producers and the federal 
government. In Columns (2) and (3) of Table 4, we separately estimate the effects of GQRs on 
the amount of subsidy paid by the government to the crop insurance program, and payments 
made by farmers which is the premium paid after subsidies are applied. The results show that 
both producers and the federal government face higher expenditures when GQRs are 
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implemented. For counties under full coverage, subsidies increase by $690 thousand and 
producer premiums by $380 thousand This implies that the government shoulders 
approximately 64% of the additional burden, a pattern that generally persists across coverage 
levels.6 

In the Appendix, we report results from alternative specifications of our econometric model. In 
Tables A1 – A3, we evaluate the robustness of our main coefficient estimates by re-estimating 
the models (i) without any controls and (ii) excluding saturated thickness as a control to address 
potential endogeneity between GQRs and crop insurance prices that related to the timing of 
changes in saturated thickness. The estimated coefficients remain stable across these 
specifications. In Table A4, we examine whether GQRs affect crop yields or insured losses. We 
find some evidence that irrigated corn yields are higher in counties with greater GQR coverage, 
which may reflect farmers concentrating water for irrigated corn on higher quality acres. There 
is no corresponding effect on insured losses (indemnity payments).  

As a placebo test, we analyze whether GQRs influence insurance rates for non-irrigated 
(dryland) corn in Table A5. We find no such effect, suggesting the relationship is specific to 
irrigated production and not due to broader regional factors affecting all corn insurance rates.  
Finally, in Figures A1 to A4, we use the method described in Callaway & Sant’Anna (2021) and 
estimate our model using a discretized treatment variable where we define a county as treated 
if 10% of the county is covered by a GQR.  The figures show treatment effects averaged by event 
time and broadly confirm our main results from Table 2 that show that GQRs increase the price 
of crop insurance and related per-liability costs such as total expenditures, subsidy, and 
premium. 

 

6. Discussion and Conclusion 

Groundwater is a critical input in agriculture, and policies that limit its use can have broad 
implications for producers. While prior research has examined the ways crop insurance 
influences groundwater use (Sloggy et al., 2025, Deryugina & Konar, 2017), we present new 
evidence that groundwater regulations also affect crop insurance expenditures. We show that 
GQRs raise crop insurance prices, and that the resulting increase in expenditures is shared by 
agricultural producers and the federal government. In response to higher premiums, farmers 
shift toward lower coverage levels, reducing the financial protection they receive from 
insurance on the intensive margin (Table 3). This finding suggests that local policies unrelated to 

 
6 One notable exception is the 80–89% range, where the impact is not statistically significant, similar to 
Column 1 of Table 4. 
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insurance can influence how farmers manage risk, and points to a need for economists to 
consider these interactions across a range of agricultural and resource systems. 

In this study, we find that limiting access to groundwater increases crop insurance expenditures. 
Specifically, our estimates in Table 2 show that GQRs raise the baseline (unsubsidized) price of 
crop insurance by 35 percent for irrigated corn producers. This finding highlights how 
conservation policies can affect farmers not only through water access but also through changes 
in risk management. Accounting for these indirect effects is crucial to developing more robust 
groundwater policy. Better coordination is needed by policymakers for both environmental 
regulations and federal risk management programs to mitigate these indirect effects of 
conservation policy. The increased risk could be mitigated through policy design that 
incorporates greater flexibility or improved compliance options for agricultural producers 
(Schoengold & Brozovic, 2018, Steiner et al., 2021). Conservation policies that are similar to 
GQRs should be evaluated not only on their expected outcomes but also on the additional 
uncertainty they impose. Our findings suggest that the federal government could consider how 
crop insurance pricing reflects local policy conditions. 

A discovery from this study is that, through increased subsidy payments, the federal 
government bears most of the increased expenditures on crop insurance caused by GQRs. In 
counties fully subject to GQRs, federal subsidy payments increase by 84% above the average 
(see Tables 1 & 4), covering approximately 64% of the total rise in crop insurance expenditures. 
Subsidies function as a financial cushion for producers facing heightened risk under resource 
conservation policies, but they also represent a public cost (Goodwin & Smith, 2013, Glauber, 
2016). Making these expenditures more transparent and responsive could help manage future 
fiscal exposure, and there may be value in re-evaluating subsidy rates to reflect regional 
conservation efforts (Woodard & Verteramo-Chiu, 2017, Classen et al., 2004). 

Our analysis reveals that GQRs can influence groundwater use not only directly, but also 
indirectly through increased risk management expenditures. This finding adds a new dimension 
to the existing literature by revealing a new channel through which GQRs impact water use. 
Drysdale & Hendricks (2018) estimate that GQRs reduce groundwater withdrawals by 26%. Our 
findings show that GQRs also raise crop insurance prices, increasing the financial risk borne by 
farmers. Higher insurance prices are known to reduce groundwater withdrawals (Sloggy et al., 
2025), indicating that GQRs may lower water use through this risk management cost channel. 
Effective conservation policy design requires accounting for this indirect effect and policy 
interactions that influence overall outcomes.  

These findings offer valuable insight into the relationship between resource conservation 
policies and crop insurance, but they should be interpreted with caution. The study relies on 
observational data and does not capture all dimensions of policy implementation and 
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agricultural production. We are unable to estimate how stringent a groundwater restriction was 
on farmers’ ability to withdraw in a given year, meaning we merely estimate the effect of a 
GQR’s presence in a county, not its intensity at limiting water use. Though we control for price 
using state-year FEs, we do not fully account for potential price effects, such as changes in crop 
value or input costs, which may alter both the actuarial basis of insurance premiums and 
producers’ willingness to purchase coverage. Unlike other studies on groundwater conservation 
policies (Drysdale & Hendricks, 2018, Ifft, Bigelow, & Savage, 2018) that observe the impact of 
policies at the well level, we observe impacts at the county level. Analyzing impacts at the 
county level constrains our ability to capture producer-level variation in policy stringency and 
directly connect GQRs to individual insurance decisions. 

Another limitation of this study is its geographic focus on the Ogallala Aquifer region, which may 
limit the generalizability of our findings to other agricultural settings. The economic and 
hydrologic characteristics of this region, such as crop composition, climate conditions, and 
institutional structures, may differ significantly from those in other areas where groundwater 
policies are implemented. As a result, caution should be exercised when extrapolating these 
results to areas like California, where the elasticity of irrigation demand may differ substantially 
(Hrozincek et al., 2022, Burlig, Preonas, & Woerman, 2021).7 Comparative evidence from 
studies in other regions could help benchmark how groundwater policy impacts vary across 
contexts. 

Additionally, our analysis focuses exclusively on irrigated corn and a single crop insurance 
product type. While this decision reflects the economic significance of corn in the Ogallala 
region and the structure of available data, it limits our ability to assess whether similar effects 
would be observed for other crops or insurance policy types. Future research should explore 
whether the patterns we find exist in a broader range of commodities and production 
environments. 

Future research on the relationship between local resource management and risk management 
should aim to clarify how conservation policy impacts differ based on enforcement stringency 
and resource type. While this study focuses on groundwater, similar interactions may exist for 
policies conserving the stock of common-pool resources such as surface water, forests, or 
fisheries. Examining these systems could reveal whether the shifts in risk exposure and public 
cost-sharing observed in our study are consistent across ecological and institutional settings. 
Future research should also take advantage of variation in policy design and enforcement across 

 
7 For example, Hrozincek et. al 2022 use data from eastern CO to find that the elasticity of groundwater 
demand relative to the price of electricity is -0.49. Meanwhile, Burlig, Preonas, & Woerman; 2021 use data 
from California to find that same elasticity to be -0.76. 
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resource districts to identify how the intensity of regulation influences behavioral responses and 
the cost of risk management.  

Finally, future work would benefit from data that supports more fine-scale, within-county 
analysis of exposure and outcomes. Field-level data on irrigation and insurance decisions would 
allow researchers to observe more granular exposure to policy, account for intra-county 
heterogeneity, and implement alternative identification strategies. Together, these extensions 
could help generalize our findings and inform more effective integration of conservation and risk 
management policy. 
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