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ABSTRACT 

Over the last century, much of the United State prairie pothole region has been converted to 

cultivated cropland. Concerns have been raised on government subsidized crop insurance effect 

on grassland to cropland conversion in the United States. Most grassland in the United State 

prairie pothole region are privately owned making a vivid understanding of landowners’ 

response to crop insurance subsidies important to facilitate effective design of prairie pothole 

conservation programs. The purpose of this study was to determine the extent of land use 

conversion with the removal of crop insurance subsidies in the United States prairie pothole 

region. Government subsidies on crop insurance was determined to have a measurable impact on 

Conservation Reserve Program land acreage within the United States. It was estimated that a 

15% reduction in the net returns to cropland resulted in about 274,000 increase in the land 

acreage of the Conservation Reserve Program. In Conclusion, the removal of crop insurance 

subsidies was predicted to slow down but not stop the conversion of grassland to cropland in the 

United States prairie pothole region. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Problem Statement 

The Prairie region, also termed as the waterfowl factory of North America, forms the central 

piece of what was formerly the largest area of grassland in the world and also considered one of 

the most important wetland regions worldwide (Ducks Unlimited 2013). It encompasses Alberta, 

Saskatchewan and Manitoba in Canada down through the great plains of southern Texas in the 

United States of America to Mexico. The prairie pothole region, which is a 276,000 mi2 area 

extending from north central Iowa to central Alberta is composed of millions of small wetlands, 

also referred to as potholes (Rashford et al. 2011). This area serves as an important breeding 

zone for waterfowl in North America. Over the last century, most of the prairie pothole region 

has been converted to cultivated cropland and heavily grazed with farmers producing livestock 

and annual crops such as wheat, barley, oats, canola, rye, flaxseed, alfalfa, sunflowers, hay, corn, 

and soybeans. Grassland in the prairie pothole region (PPR) of the North American rangeland is 

continuously being converted to cropland (Stephens et al. 2008) and many wetlands have been 

drained as a result of agricultural production creating a tremendous impact on the natural wildlife 

habitat for various plant and animals species (Prairie Pothole Joint Venture 2008). Consequently, 

about 50% of the historical wetlands in the United States and 71% of wetlands in Canada have 

been drained for agricultural activities and development (Environment Canada 1986; 1997; 

Rashford et al. 2011).  Grassland birds, for example, have suffered steeper and more widespread 

declines over the past 25 years than any other species of North American birds (Askins 1993; 

Knopf 1994; Boren 1997; Peterjohn and Sauer 1999). “Extensive conversion from native 

grasslands to cultivated cropland in the PPR has coincided with declines of bird populations in 
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both the United States (US) and Canada”(Cowardin et al. 1983; Brennan and Kuvlesky 2005) 

and conversion is still ongoing(Stephens et al. 2008; Rashford, Walker, and Bastian 2011).     

Continued conversion of grassland can be attributed to several factors that also resulted in 

increased farmland prices over the last several years, including high crop prices and federal 

subsidies to growers (Rashford 2012). Biofuel policies are very important in grassland 

conversion and have resulted in increased prices of biofuel crops such as corn. Technological 

advances have resulted in the use of grasses for biofuel, hence depleting grasslands in the PPR 

(Pimentel and Patzek 2005). Furthermore, climatic changes may increase growing degree days 

for annual crops ensuring better conditions to grow more crops in the Prairie region (Rashford 

2012). All of these factors present a challenge to public and private conservation agencies 

attempting to conserve land in the PPR.  

Environmental and conservation organizations have argued that some federal farm programs 

encourage conversion of grassland to cropland. Farm programs such as the crop insurance, 

disaster assistance and marketing loans encourage farmers to convert grassland to cropland in 

order to remain eligible to receive benefits from those programs (Claassen et al. 2011). Some 

concerns have been raised as to the effect of these federal programs on grassland to cropland 

conversion in the US. These concerns on federal farm programs on grassland conversion has 

been growing over the past decade. Most recent concerns have focused on government 

subsidized crop insurance. Crop insurance, encourages farmers to plow more wetland and 

grassland by protecting farmers from unexpected low yields or drops in prices due to factors 

such as poor weather conditions, pest infestations, and price movements (Claassen et al. 2011).  

The subsidy rate of crop insurance by the government has increased in order to encourage 

farmers to purchase high level coverage making crop insurance participation very high. As of 
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2002, 80% of eligible cropland was enrolled for crop insurance (Dismukes and Vandeveer 2001) 

with farmers paying less than half of the full premium (USDA, 2007).  

As grassland to cropland conversion increase, policy makers have attempted redesign policies to 

meet the objectives of supporting agriculture and also limit the conversion of grassland but this 

has been hard to achieve. In order to solve this issue, there is a need to establish and enforce 

policies that remove or reduce farm assistance programs in the PPR. Programs such as 

Swampbuster, Sodbuster, and Sodsaver deny crop insurance on native grassland that has been 

converted to cropland (Claassen et al. 2011) but implementation seems to be a problem. This 

provision reduces incentives for grassland conversion. This leads to the question of whether the 

removal of federal subsidies on crop insurance will slow conversion of grassland to cropland and 

to what extent.  

 

1.2 Objectives 

The purpose of this research is to create a framework to evaluate the extent of land use 

conversion if subsidies on crop insurance are removed in the US PPR. This will depend on the 

size of the net crop insurance benefit. I use an econometric model of land use shares to estimate 

the marginal effect of removal of crop insurance subsidies on cropland and Conservation 

Reserve Program (CRP) acreage in the US PPR. More specifically, this study aims to answer the 

following questions: 

1. Does removal of the crop insurance subsidy increase enrollment of cropland into the 

CRP? 

2. To what extent do increased crop prices increase cropland acreage in the US PPR? 
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This will be achieved through the following steps: 

1. Estimate the parameters from an econometric model of land use shares where land can be 

allocated to annual crops, pasture (grassland), or the CRP 

2. Use parameter estimates to compute changes in land use shares in response to changes in 

crop returns due to the removal crop insurance subsidies. These estimates will be used to 

compute willingness to convert (maintain) land to (in) grassland. These estimates will 

vary by county. 

3. Elasticity estimates are then used to predict land use responses to the removal of crop 

insurance subsidies and to increases in crop prices. For example, if the subsidy on crop 

insurance is removed, how much CRP land is retained? 

 

1.3 Justification of the Study 

Approximately 80% of the US prairie region and 90% of the Canadian prairie region are 

privately owned (Cowardin et al. 1995).  Conservation organizations must therefore understand 

how individual landowners respond to various incentives such as commodity prices, farm, and 

conservation programs in order to predict which land is at highest risk of conversion and where 

limited conservation dollars should be targeted (Rashford et al. 2009).  This analysis creates a 

counterfactual analysis by estimating the roles of crop insurance subsidies and crop prices in land 

use decisions.  For example, what would have happened to CRP enrollment and grassland 

conservation if subsidies on crop insurance did not exist? Furthermore, results from this analysis 

will provide insight into the general responsiveness of landowner’s land use decisions to crop net 

returns on land of varying quality.  
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Finally, this study will present evidence about the extent to which subsidized crop insurance is 

contributing to the conversion of grassland in the US PPR.  Previous studies have concluded that 

the effect of crop insurance subsidies on land use ranges from one million to three million of 

increased acres of cropland for the entire US (0.2 to 1.1% of cultivated cropland) (Lubowski et 

al. 2008; Goodwin, Vandeveer, and Deal 2004). The previous studies used 1997 or earlier data 

and therefore did not capture some recent major changes such as growth in ethanol production, 

which increased crop prices. 

 

1.4 Thesis Organization  

This study is comprised of six chapters that examine the role of crop insurance subsidies on 

grassland conversion within the US PPR. Chapter 2 provides background information on land 

use trends in the prairie region from 1987 to 2007, as well as detailed information about the area 

of study within the US. Chapter 3 reviews the literature on government policies and programs in 

the PPR, crop insurance in the US, and past land use change. Chapter 4 presents the method used 

to meet the objectives to this thesis. This includes the theoretical background of the land use 

share model, the empirical method, and the data used for analysis. I also present how to compute 

elasticities and perform simulations using the land use share model. Chapter 5 presents the 

results of the econometric model, the simulations performed using this model, and some policy 

implications of the results.  Chapter 6 concludes the study with a discussion of the limitations of 

the research as well suggestions for future research.  
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CHAPTER TWO 

BACKGROUND INFORMATION 

2.1 Introduction 

This chapter begins by discussing land use trends in the US PPR between 1987-1997 and 1997-

2007. Earlier trends are also discussed. This chapter concludes by providing more details on the 

area of study within the US that makes up the PPR. 

 

2.2 Land use trends in the prairie regions 

As the first step in developing an understanding of land use issues it is important to provide a 

description of recent trends in land use in the US.  The three major land uses in the contiguous 

US are grassland (including pasture and range), forests, and cropland. These three uses 

represented 84% of all land use in the 48 states as of 1997 (Bell, Bolyle and Rubin 2006).  

According to the National Resources Inventory (NRI) data series, the share of land in cropland 

was 24% in 1945 and 1997; the share of land in forest was 32% in 1945 and 29% in 1997; and 

the share of grassland was 31% in 1997, only slightly less than the 35% in 1945. In terms of land 

use, grassland is defined as land for grazing, haying, and other harvested forages. CRP land is 

also considered as grassland by virtue of land cover. Over 20 million of the 31.2 million total 

acres in CRP are in grass cover, not including CRP land in grassed water ways, wetlands, and 

other field filter strips as of 2010 in the contiguous US (USDA-FSA Date 2013).  

Between 1997 and 2007, the net total of about 16 million acres of cropland shifted to pasture, 

hay, rangeland, or CRP. This acreage includes a gross conversion of 39 million acres of cropland 
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to grassland and 23 million acres of grassland to cropland for the entire US (Claassen, et al. 

2011). This shows a net increase in grassland for the whole country. Grassland to cropland 

margins are not evenly distributed across the US. The PPR differs from the overall US in terms 

of land use and land use change. This can be due to difference in growing conditions, crop types 

and mixes, and land use within the PPR. Since 1987, the prairie pothole states have lost more 

grassland and wetland to other land uses compared with other regions. The NRI sample report 

indicates that active cropland in 1982 accounted for 85% of the PPR.  This dropped to 78% in 

1997 resulting in approximately 7 million acres in lost cropland. The reduction in active cropland 

within this period can be attributed to the introduction of the CRP. Between 1997 and 2007, 

while some cropland was converted to grassland, the net conversion of grassland to cropland 

represented approximately 1.1 percent of 1997 grassland acres. Other regions such as the 

Mountain and Southern Plains states during the same period experienced a net shift of land from 

cropland to grassland. Comparing grassland to cropland conversion for 1987-1997 and 1997-

2007, during the earlier period there has been a substantial movement of land from cropland to 

grassland but no net conversion during 1997-2007. Cropland on high quality land generally 

offers high economic return to landowners in recent times. Other factors that contribute to 

landowners’ decision to allocate land for cropping are the presence of farm programs, 

technology, increase crop prices and demand for ethanol crops.  

While this study focuses on grassland to cropland conversion, there has been the loss of 

grassland to non-agricultural uses such as forests, roads, and some development for houses and 

commercial purpose as shown in Figure 1. But within the PPR, the net conversion of grassland to 

cropland is much larger than conversion to non-agricultural uses (thus loss of grassland to crop 

production is greater than loss of grassland to non-agricultural uses) (Claassen et al. 2011).   
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Figure 1. Conversion of rangeland, pastureland and cropland to other uses from 1982 to 

2007  
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Both cropland and grassland provide economic benefits that can be detected directly by 

landowners (Claassen et al. 2011). The most beneficial of these two land uses to a landowner 

will depend on land quality, market prices, and incentives due to government policies. Grassland 

in general has higher external social benefit compared with cropland due to provision of wildlife 

habitat, lower rates of fertilizer application resulting in less nutrient runoff, and being less 

susceptible to soil erosion (Claassen et al. 2011). Grassland also controls flooding and 

purification of wetlands. Since some landowners do not internalize these social benefits land 

allocation in an unregulated market is not socially optimal. Government policies can affect the 

mix of benefits and costs of cropland and grassland. Programs such as the CRP compensate 

farmers for converting their land in crops to grassland for 10-15 years. This program is aimed at 

increasing grassland habitat and reducing soil erosion. Some programs such as crop insurance, 

disaster payments, and marketing loans support crop production. These programs protect farmers 

from low yields and prices by increasing the expected returns to cropland. Giving payments for 

growing crops on converted grassland will eventually increase the conversion of grassland to 

cropland, which conflicts with the goals of programs such as the CRP. For programs such as 

marketing loans, when market prices of a covered commodity fall below a fixed loan level, the 
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government pays farmers the difference between the market price and the fixed loan price. Also 

subsidized premiums enable producers to realize net gains over time when farmers purchase crop 

insurance. Participation in these programs increased between 1997 and 2007, which was 

associated with an overall increase in indemnity payments.  Government indemnity payments 

increased sharply in 1999 due to higher premium subsidies and this has been maintained over 

time (Claassen et al. 2011). Farmers pay premiums on crop insurance but the net value of this 

payment is considered less than the full value of the indemnity received (Claassen et al. 2011). 

Figure 2 shows the level of subsidized payments by the government and the percentage of crop 

revenue which makes up the net gain of these farm programs.  

Figure 2. Crop insurance indemnities, marketing loan benefits and disaster payments in 

the Northern Plains, 1997-2007  

Percent of crop revenue 

0  

Source: USDA, Agricultural Resource Management Survey, National Agricultural Statistics Service and Economic 
Research Service (ERS), 1997-2007 

 

According to the USDA (2013), from 1997 to 2007 crop insurance indemnity represented 

between 4 and 10% of crop revenue and 10 to 15% of crop net returns within the Northern 
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Plains. Suppose premium subsidies represent about two thirds of this indemnity payments, crop 

insurance subsidies represents approximately 6.5 to 10% of crop net returns. 

A couple of studies have argued that premium rates on crop insurance are not actuarially fair in 

that most producers benefit from asymmetric information (Just, Calvin, and Quiggen 1999; 

Makki and Somwaru 2001). This rejects the idea that the full premium is equal to the expected 

indemnity as assumed in work done by Claassen et al. (2011). This paper does not assume that 

crop insurance premiums are actuarially fair as crop insurance premiums paid by producers are 

far less than the indemnities received.  

 

2.3 Area of study 

The US PPR can be found in five states, namely Iowa, Minnesota, Montana, North Dakota and 

South Dakota.  This region accounts for about 50% of the 362 total counties in the five states.  

There are 35 counties in Iowa, 50 in Minnesota, 15 in Montana, 39 in North Dakota, and 44 in 

South Dakota that make up the US PPR. This region is characterized as having the highest 

density of breeding ducks in the US (Bellrose 1976) and cropland has also been the predominant 

land use in the US PPR. More wetlands are lost in South Dakota and North Dakota than any 

other state in the US with these two states among the top 10 most highly erodible states (Cox and 

Rundquist, 2002). The US PPR accounts for about 121 million acres of land where most of these 

acres of land are in cropland. In total, the US portion of the PPR is estimated to contain 

4,170,000 acres of wetlands (Prairie Pothole Joint Venture Concept Plan 2003). The US PPR 

includes 12.6 million acres in Iowa, 25.6 million in Minnesota, 27.8 million in Montana, 32.7 
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million in North Dakota, and 22.7 million acres in South Dakota. Figure 1 below shows the 

various states and counties that makes up the US PPR. 

 

Figure 3. Prairie Pothole Region Counties in the US 

Source: Casey et al. (2005): Rashford et al (2011) 
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CHAPTER THREE 

 LITERATURE REVIEW 

3.1 Introduction   

This chapter provides an overview of program and land use literature within the US and Canada. 

The first section reviews some policies and programs in the prairie pothole region of North 

America. The second section discusses crop insurance in the US. The chapter concludes by 

reviewing the past literature on land use and the various modeling techniques that have been 

used in simulating the effects of policies and programs. 

 

3.2 Policies and Programs in Prairie Pothole Region 

According to Plantinga and Ahn (2002) conservation programs and policies are often structured 

to increase the relative net returns to land in a socially desired use and take one of two forms:                                                                                                          

 (i) “Policies encouraging land owners to convert their land to a desired use”  

(ii) “Policies encouraging landowners to retain land in the desired use” 

The CRP encourages landowners in the US to convert their land to grassland.  The North 

American Waterfowl Management Plan (NAWMP), which is a coordinated action for the US, 

Canada, and Mexico, is an example of a policy that encourages landowners to retain grassland 

typically through perpetual easements and fee-simple land acquisitions. The NAWMP distributes 

conservation funds to prairie pothole joint ventures operating independently in the US and 

Canada. This program has a limited budget and many acres of habitat with priority to conserve.  
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Due  to the budget constraints faced by these conservation agencies it is in their interest to target 

least costly areas and ecologically valuable habitat that are believed to be at risk of conversion 

(Costello and Polasky 2004).  

There are various policies that provide incentives to either convert land to a desired use or to 

retain land in a desired use. In the US, programs that encourage conversion of land to grassland 

or wetlands include the CRP and the Wetlands Reserve Program (WRP) which are governed by 

the US Department of Agriculture (USDA). A considerable number of programs designed to 

retain land in grassland, forest, wetland, and agriculture exist. These take the form of 

international, federal, and state-level policies of retaining land in a specified desired use. 

Examples of such policies includes the Water Bank Program, Swampbuster, Section 404 of 

Clean Water Act, Forestry Incentives Program, the joint ventures sponsored under the NAWMP, 

conservation easements, Fish and Wildlife Service Partners for Fish and Wildlife program, and 

private groups such as Ducks Unlimited (Plantinga and Ahn 2002).  

According to the Farm Service Agency report of 2013, the restoration of wetlands gained a lot of 

momentum in 1990 with the establishment of the WRP. This was reauthorized in the 1996 Farm 

bill with the goal of restoring 975,000 acres of wetland by the year 2000 having enrolled about 

745,000 acres as of 1998.  

Swampbuster eliminated indirect Federal assistance for wetland conversion and made farm 

operators ineligible for support payments, crop insurance, loans, and disaster payments for 

annual crops that have been planted on converted wetlands (Reynold, Loesch and Wangler 

2007). In 1987, only 12 persons were sanctioned for Swampbuster violations and this number 

increased to 165 in 1991 but dropped afterward (USDA website – Farm Service Agency Report, 
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2013). This fall in violations may reflect lack of enforcement. Section 404 of the Clean Water 

Act also discourages the release of dredged materials into waters and wetland in the United 

States and this is overseen by the US Environmental Protection Agency (USDA website, Natural 

Resource Conservation Service, 2013). It requires that no activities can be permitted unless 

appropriate steps, such as securing a permit, have been taken to minimize or avoid wetland 

losses (USDA website – Farm Service Agency Report, 2013).  

According to the USDA(2007), in order to meet goals of grassland restoration and avoidance of 

grassland losses, federal programs key to achieving this goal include the WRP and the CRP by 

the USDA, Fish and Wildlife Service programs (FWS), and NAWMP programs. Below is a brief 

description of the CRP, the FWS, the NAWMP, cross compliance, and crop insurance in the US. 

 

3.2.1 Conservation Reserve Program 

In 1982, Congress passed the Food Security Act which involved two components related to 

waterfowl conservation in the PPR: the CRP and the Swampbuster cross-compliance provisions. 

The CRP, which was implemented in 1986, is a land conservation program administered by the 

USDA. Farmers that enroll in the CRP remove their land from agricultural production in 

exchange for a yearly payment to plant various native grass species.  

Contracts for land enrolled in CRP are 10 to 15 years in length with the long-term goal of the 

program being to re-establish valuable land to help improve water quality, prevent soil erosion, 

and reduce loss of wildlife habitat (USDA, Farm Service Agency 2013). The payment increases 

the share of land allocated to grassland. CRP is the largest private land conservation program in 
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the US, where participants can sign up either through a competitive process known as the CRP 

general sign up or through the CRP continuous signup.  

Since the inception of the CRP, millions of acres of cropland have been converted to grassland 

and forest. In 1992, there was approximately 4.7 million acres of CRP in the PPR of North and 

South Dakota and Montana alone where most of duck breeding occurs in the US prairie region 

(USDA, Farm Service Agency (FSA) 2013). The CRP has gone through some modifications and 

reauthorization since 1985 with each subsequent farm bill such as the major revision in 

eligibilities and scoring criteria of CRP during and after the 1996 Farm Bill which aided in the 

increase in PPR land in North Dakota by about 570,000 acres and a decrease in PPR land in 

South Dakota by about 250,000 acres (Reynolds, Loesch, and Wangler 2007 USDA, FSA). 

 

3.2.2 US Fish and Wildlife Service (FWS) 

Congress in 1973 drafted the Endangered Species Act (ESA) which provides means where by the 

ecosystem on which endangered species depend may be conserved. The Endangered Species Act 

prohibits activities affecting these protected animal species and their habitats unless authorized 

by a permit from the US Fish and Wildlife Service (USFWS). One of the methods used by the 

USFWS is to provide non-federal landowners with incentives for engaging in voluntary 

conservation of listed species on their lands through programs like Safe Harbor and Candidate 

Conservation Agreement (USFWS 2013). The USFWS, through the Division of Bird Habitat 

Conservation has aided in the conservation of wetland and its habitat through partnerships, 

grants, and outreach. The importance of grassland cover to wildlife has been recognized for 

many years and the retention and restoration of grassland has been a focus for waterfowl 
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management on lands managed by the USFWS in the PPR (USDA, Farm Service Agency 2013).  

The USFWS administers North American Wetland Conservation Act of 1989 grants and other 

grants such as Neotropical Migratory Bird Conservation grants to organizations and agencies 

who have established strong partnerships to carry out wetland conservation project in Canada, 

Mexico, and the United States. They partner with state and federal agencies, joint ventures, and 

nongovernmental organizations across the country to develop conservation strategies for 

migratory and water birds and their habitat.  An example is the Plains and Prairie Potholes 

Landscape Conservation Cooperative which is a natural resource agency working in the US and 

Canada investing funds to conserve key natural resources across the PPR (USFWS 2009). 

 

3.2.3 North America Waterfowl Management Plan (NAWMP)  

According to the Division of Bird Habitat Conservation, historical data shows that about 53% of 

the original 221 million wetland acres and its bordering grasslands in the US have been altered 

since the settlers first arrived, with Canada exhibiting the same pattern.  During the 1980’s the 

decline in duck populations and losses of wetland and grassland in the PPR of North America 

lead to the development of the NAWMP by the US and Canada (Environment Canada, Canadian 

Wildlife Service, US Department of Interior, FWS, 1986).  The NAWMP, which is an 

international action plan to conserve migratory birds/waterfowls habitat throughout the 

continent, was signed in 1986 by the US and Canada.  Mexico joined in 1994. The NAWMP 

involves partnerships between municipal, federal, provincial, state, non–governmental 

organizations, private companies, and many individuals.  These partnerships are called "Joint 

Ventures,” which work together to ensure grassland across the North American landscape is 
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being preserved.  NAWMP projects are international in scope, but implemented at regional 

levels (NAWMP website 2012). “Joint Ventures can be classified as self-directed partnership of 

agencies, organizations, corporations, tribes or individuals that conserve habitat for priority bird 

species, other wildlife and people”(USFWS 2011).  

There are 17 NAWMP joint ventures in the US and four in Canada. Out of these, two have 

international status, one with boundaries stretching across the Canadian-US border and one that 

encompasses areas of the US and Mexico.  The NAWMP’s committees formed from the joint 

ventures are responsible for updating the NAWMP, considering new scientific information, and 

national and international policy developments. They also identify the need to expand or abolish 

activities carried out on behalf of the plan. To date, joint ventures have invested $4.5 billion to 

conserve and restore 15.7 million acres of waterfowl and grassland associated habitat (USFWS 

2009).  

There are two joint ventures in the PPR, one on the US side called the Prairie Pothole Joint 

Venture (PPJV) and the other on the Canadian side called the Prairie Habitat Joint Venture 

(PHJV) established in 1987 as part of the original six priority joint ventures under the NAWMP.  

These two joint ventures make decisions independently as they are comprised of different 

committees.  

The PPJV includes about one-third (100,000 square miles) of North America’s PPR with its 

boundary made up of the prairie pothole regions of Montana, North Dakota, South Dakota, 

Minnesota and Iowa (PPJV website, para 1). The main objectives of the PPJV are to protect 1.4 

and 10.4 million acres of wetland and grassland in perpetuity. The PPJV has restored, retained, 

and enhanced about six million acres of habitat in the PPR during its first 15 years (1987-2002) 
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by collectively generating about $776 million to implement various programs through 

acquisition, donation, long-term, and short-term easements (PPJV 15 Years Report 2003).  These 

total amounts are sourced from different contributors including USFWS, North American 

Wetland Conservation Act (NAWCA) through NAWMP, government, conservation 

organizations, and individual corporations. 

The PHJV delivers NAWMP programs in the Canadian PPR with about 17,000 landowners 

involved in its program (PHVJ website). The main goal of the PHJV is to restore waterfowl 

populations to 1970 levels by stopping wetland and grassland losses and restoring lost grassland. 

The PHJV has conserved about 11 million acres within the PPR in Canada with a total 

investment of about $718 million through land purchases, conservation easements, crown land 

transfers, land donation and stewardship (influenced acres) (PHJV Achievement, 2008).  While 

the PHJV has accomplish much in its first 20 years, more work is required to address continuing 

habitat losses in the PPR. 

 

3.2.4 Cross Compliance 

Cross compliance first originated in the 1970s in the US where various conditions were outlined 

that farmers were required to meet in order to be eligible for assistance from the government 

under agricultural support programs (IEEP, 2003). This policy linked its conditions to certain 

obligations to other programs giving rise to the name “cross compliance” (Benbrook, 1994). This 

term has since been used to serve as a linkage between environmental and agricultural policies in 

other parts of the world, for example in Europe (IEEP, 2003). Cross compliance has been used to 

prevent conversion of grassland to cropland, control soil erosion, and halt the loss of wetlands in 
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the US. This links direct government payments to environmental, animal and plant welfare. This 

is one policy used by government in order to influence farmers so as to give greater weight to 

environmental goods in farmer’s decision making (Webster and Williams 2002). Sodbuster 

discourages cropping of erodible land and also requires farmers to implement conservation plans.  

Swampbuster removes government farm support from cropland that is converted from wetland.  

These two programs have been in place in the US since 1985. 

Crop insurance subsidies support crop production at the expense of grassland in the PPR 

(USGAO 2007; Morgan 2008). This subsidy rate has increased over time in order to increase 

participation and encourage farmers to purchase higher levels of coverage (Claassen et al. 2011). 

Crop insurance participation has remained high and as of 2002, about 80% of eligible acreage 

was enrolled (Dismukes and Vandeveer, 2001). According to the Food and Agricultural Policy 

Research Institute (FAPRI), as of 2009, over 80% of cotton, corn, rice, soybean, sorghum and 

wheat acreage were insured. Economically this program increases the expected net returns to 

cropland and reduces variations in returns (Claassen et al. 2011). Approximately 60% of both 

yield and revenue insurance premium are subsidized by the US Federal government and farmers 

receive approximately $1.90 in indemnity payments for every $1 they pay in premiums 

(Goodwin and Smith 2013).  

Removal of subsidies on crop insurance will potentially reduce the rate of grassland conversion 

to cropland. This effect will vary depending on the extent of support payments schemes being 

offered to farmers. Goodwin and Smith (2013) present evidence in Kansas where wheat growers 

who purchased crop insurance used less chemicals and fertilizers than wheat growers who did 

not purchase crop insurance. Landowners will respond differently to the removal of subsidies on 
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crop insurance depending on crop yield, area cropped, land quality, and to some extent the 

geographic location of the farm.      

3.3 Crop Insurance in the United States 

Agricultural producers, farmers and ranchers in the US purchase crop insurance to protect 

themselves against loss in crops or loss in revenue. There are two main categories of crop 

insurance: yield insurance and revenue insurance.  

Crop yield insurance includes multi-peril crop insurance (MPCI), which is not limited to only 

one risk but involves multiple risks such as frost, hail, drought, excess rainfall all in one package. 

Some pest and bacteria related diseases are also insured. According to the National Crop 

Insurance Service, MPCI coverage is mostly offered by government insurers and their premiums 

are largely subsidized by the government. The MPCI program was implemented by the USDA 

but is managed by the Federal Crop Insurance Corporation. The Federal Crop Insurance 

Corporation, which is a public-private partnership, was created to take government initiative by 

providing insurance for farmers produce. This crop insurance is available for over 100 different 

crops although not all insurable crops are covered in every county. The USDA is authorized to 

offer free catastrophic (CAT) coverage for farmers who grow insurable crops. Private companies 

sell this insurance but a portion of the premium and some administrative fees are subsidized by 

the government. The government reinsures the companies by absorbing some of the losses of the 

program when indemnities exceed total premium (USDA Risk Management Agency). This 

shares the risk among the government and the private companies. One reason insurance 

premiums are subsidized by the government is to encourage participation in the program and also 

to reduce costs to the farmers. The other reason is to alleviate the effect of adverse selection 
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where a farmer’s demand for insurance is positively correlated with his/her risk of loss (Woodard 

et al. 2010).  

Crop revenue insurance, which is a newer coverage option is based on deviations from mean 

revenue (where revenue is crop yield multiplied by crop price). Futures prices are combined with 

farmer’s average production to calculate expected revenue. Futures markets enable protection 

against any losses even before the crop is planted. The insurance pays the indemnity if the 

combination of the futures prices and the actual yield is less than the expected or guaranteed 

revenue. This insurance covers decrease in crop prices during the growing season but not the 

decrease from one growing season to another (USDA Risk Management Agency 2013). 

According to the National Crop Insurance Service, in 2012, crop insurance paid out over $17 

billion in indemnities to producers across the US and as of 2013 more than 290 million acres of 

farmland were protected through the Federal Crop Insurance Program. The Environmental 

Working Group (EWG) using county level crop insurance information obtained from the USDA 

Risk Management Agency showing premium subsidies, indemnities, and premiums paid by 

farmers by crop and year estimated that between 1995 and 2012, government expenses totaled 

$96 billion including indemnities and administrative reimbursements paid to private insurers. 

The government revenue for that period was approximately $37 billion including premiums paid 

by farmers and interest earned on government revenue.  This yielded a total net cost of about $59 

billion to the government representing the extent of government support in crop insurance in the 

US.  
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3.4 Review of past land use change literature 

There are several methods for estimating land use change and transition from one land use to 

another. Methods include the multinomial logit model, the Markov chain model, the land use 

share model, discrete choice models of land use, dynamic models and others.  Most land use 

analyses involve the use of aggregate data (i.e. county, state, and regional level), which are 

typically gathered by the USDA and the National Resource Inventory (NRI) in the US and 

Statistics Canada in Canada.  These are panel data that are constructed for each state (US) or 

province (Canada) consisting of time series and cross sectional observations at the county and 

municipality-level, providing many cross-sectional but few time-series observations.   

This aggregate data does not control for parcel specific factors that vary across counties or 

municipalities.  Most studies in the 1980’s that used aggregated data omitted important factors 

such as land quality, which vary across counties. Lichtenberg (1989) and Stavins and Jaffe 

(1990) illustrated that aggregate land use allocations are dependent on the physical 

characteristics of land within a county or municipality. Lichtenberg (1989) developed a 

framework that incorporates land quality into empirical studies by integrating cross-sectional and 

intertemporal elements important in the diffusion of new technologies. Stavins and Jaffe (1990) 

also model aggregate land use decisions using a parametric distribution of unobserved land 

quality. Hardie and Park (1997) outlined that an aggregate data model that ignores heterogeneous 

land quality suffers from specification error, hence biasing parameter and elasticity estimates 

(Ahn, Plantinga, and Alig 2000). The exclusion of land quality variables in estimates during the 

1980’s explained the mixed results obtained in land use analyses during this period but recent 

studies have controlled for heterogeneous land quality and their estimates tend to produce 

unbiased and consistent results (Ahn, Plantinga and Alig 2000). Studies by Plantinga (1996), 
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Hardie and Park (1997), Plantinga, Mauldin and Miller (1999), Ahn, Plantinga and Alig (2000), 

Plantinga and Ahn (2002), Rashford, Bastian, and Cole (2011) and many more have accounted 

for the role of land quality in land use change. 

Land use models have evolved and this depends on the nature of the data used.                                                             

The recent availability of parcel level data has led to the use of a new class of land use models, 

referred to as spatially explicit land use models.  Advances in Geographic Information System 

(GIS) data and modeling tools have fostered the evolution of these models. Parameters from 

these estimated models are used to forecast the spatial pattern of land use change that could 

occur under different circumstances (expected changes in explanatory variables) by 

incorporating parcel level or micro level data and spatial relationships into the model (Irwin and 

Geoghegan, 2001). Work done by Claassen and Tegene (1999), Irwin and Geoghegan (2001), 

Irwin and Bockstael (2002), and Wu et al. (2004) outline the uses of the spatially explicit land 

use model. 

Several land use models have been used to evaluate various policies in the US. Early studies 

estimating the cost of carbon sequestration identified agricultural lands capable of supporting 

tree growth.  Agriculture returns served as the opportunity cost of enrolling land in an 

afforestation program.  An example is work done by Park and Hardie (1995), where their 

analyses did not account for a number of factors that can influence landowner’s enrollment 

decisions but agriculture returns served as the direct opportunity cost of land enrolled in a 

program.  Stavins (1990), Plantinga (1997), Plantinga, Mauldin, and Miller (1999) estimate the 

cost of sequestering carbon in forests by using a different approach where the opportunity cost of 

enrolling land in a program is derived from an econometric estimate of the share of land devoted 
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to forestry and agriculture.  In these latter studies, the costs of an afforestation program are based 

on observations of actual decisions by landowners (Plantinga, Mauldin and Miller 1999). 

Some prior studies such as work by Rashford, Bastian, and Cole (2011) use the share model, 

which focuses on acreages of individual crops as separate activities as opposed to the use of 

cropland as a single aggregated activity. This work builds on earlier acreage response models 

such as work done by Coyle (1993) which used aggregated data at the regional (Western 

Canada) or multiprovince level. Coyle’s paper presented an alternative approach to crop acreage 

responses using duality to correct for multicollinearity by adopting restrictions on coefficients, 

related to separability and dynamic specification in a system. Coyle’s economic approach to the 

specification of systems of crop acreage responses, with the advantage of modeling the impact of 

policy interventions on acreage demand does not recognize spatial variability in land use across 

counties or municipalities which have prompted the use of more disaggregated models essential 

in determining the effect of a policy intervention on acreage demand and land use.  Coyle used 

data at the multiprovince level while Rashford, Bastian and Cole (2011) applied the land use 

model at the sub-state level (i.e. County and Census Agricultural Region) which is better suited 

for evaluating the impact of land use policy on land allocation.  

The multinomial logit model which constrains land share probabilities to the (0, 1) interval is 

commonly used to estimate land share models.  These coefficients are then used to estimate the 

probability that an acre of land will enter a specific land use (i.e. Hardie and Parks 1997; Ahn, 

Plantinga and Alig 2000; Plantinga and Ahn 2002). This model does not provide a direct link 

between the decision variables (endogenous) and exogenous variables as outlined in work done 

by Lubowski, Plantinga and Stavins (2003) where they adopted the nested logit model (Donahue 

2009). 

25 
 



Various works have assessed the impact of this tax treatment on landowners and land 

conservation (e.g. Bentick 1979; Bentick and Pogue 1988; Anderson 1986) and determined how 

important taxes influence the management of private farmland and grassland. As Morris (1998) 

stated “Since 1957, every state has responded to development pressures by allowing or requiring 

preferential property tax treatment of cropland and open space land” but the optimality of 

taxation may vary according to the specific type of incentives offered to landowners (Johnston 

2003) 

According to Plantinga and Ahn 2000, the government is constrained to using subsidies because 

subsidies tend to be more politically accepted than taxes but policies such as property taxation 

have a significant influence on preservation and conservation. Policy makers possess a wide 

range of tools that can influence when grassland are been converted to agricultural land or 

developed uses, with preferential taxation and zoning restriction policies as examples (Gordon 

and Richardson 2000). Polyakov and Zhang (2008) determined that higher property tax on a 

particular land use decrease the probability of retention in this use or conversion to this land use 

and increases the probability of converting to other land uses. This paper, which looked at the 

effect of property taxes among rural land uses in Louisiana, determined that an increase of 

property taxes on agricultural land by 1% increases the probability of converting from 

agricultural to forestry land use by 0.2731% in Louisiana. This outlines the negative relationship 

between taxes and retention of land in a specific use. 

Work done by Claassen et al. (2011) determined the role of crop insurance, marketing loan and 

disaster programs on grassland to cropland conversion in 77 North and South Dakota counties. 

They consider variability in crop revenue in the context of land allocation. They estimate the 

effects of crop insurance and supplemental revenue assistance (SURE) payments on the mean 
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and variance of crop revenue, net returns, and producer’s willingness to pay to avoid greater 

revenue variability under the Sodsaver program. They estimated land use responses to changes in 

expected returns and return variance using a probabilistic choice model. Transition probability 

data from National Resources Inventory from 1997 to 2007 was used to determine that crop 

insurance subsidies represented between 2 to 5.5 percent of crop revenue and 9 to 14 percent of 

crop net returns and varied by counties. This work incorporated net revenue, land quality, farm 

program and variance of market returns as explanatory variables. They discovered that a 5 year 

ban on crop insurance in North and South Dakota could slow but not stop grassland conversion 

to cropland. 

Past land use studies find that farm programs affect the balance between cropland and other land 

uses (i.e. CRP and grassland) even though the final conclusion of the size of this effect varies. In 

2008 using data from 1982 to 1997, Lubowski, Plantinga and Stavins (2008) simulated that farm 

programs in the US increased cropland acres by about 2%. Rashford, Walker and Bastian (2010) 

find that the effect of government payments on pasture and grassland conversion is very small. 

They include government payments in their model and find it is not statistically significantly 

different from zero even though their model suggested that government payments could have a 

role in retaining land in cropland. Gardner, Hardie, and Parks (2010) present evidence that 

cropland acreage would have been 22% lower without farm programs using data from 1987 to 

1997. Some other studies focused more on crop insurance. Goodwin, Vandeveer, and Deal 

(2004) estimate that a 30% reduction in subsidies on crop insurance would lower cropland 

acreage by 0.2 to 1.1% within the Northern Plains.  Lubowski et al. (2006) find that increased 

crop insurance subsidy premiums in 1994 increased cropland acres nationwide by 0.5 to 1.1%. 

Wu (1999) argues that subsidized crop insurance to producers encourages them to grow more 
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cultivated crops rather than hay. All of these studies use data sets that end in 1997. Claassen et 

al. (2011) use more recent data to examine the role of crop insurance, marketing loans, and 

disaster programs on grassland to cropland conversion in 77 North and South Dakota counties. 

They concluded that these farm programs could eventually slow down the conversion of 

grassland to cropland. 
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CHAPTER FOUR 

 METHODOLOGY 

4.1 Introduction 

In economic theory the study of how land use decisions are made involves several factors that 

determine a landowner’s choice of land use. It is assumed that a landowner’s main objective it to 

maximize net returns of his/her land. The purpose of this chapter is to provide details on 

previously developed frameworks for land use decision. The first section outlines the theoretical 

framework of the land use model and its assumptions. The second section describes the empirical 

model of land use. This is followed by a section that presents how the elasticities of this model 

are estimated.  The fourth section addresses how my simulations will be performed using the 

land use share model. Finally, summary statistics of my data set and its sources are presented in 

section five of this chapter. 

4.2Theoretical Background 

This chapter presents a general theoretical model of land use change. The issue of land use to an 

economist is centered on the basic question of how land use decisions are made.  It involves the 

study of the factors that determine landowners’ choice among different land uses and how 

changes in these factors affect land use decisions. This lies within the realm of what economists 

call “positive” economics (Bell, Boyle and Rubin 2006). The classical theories explain land use 

patterns in terms of the relative returns to each land use and the returns are assumed to be a 

function of location (Von Thunen, 1826) or land quality (Ricardo, 1815). Recent models have 

gained much in terms of theoretical and empirical complexity, including factors such as 

dynamics and uncertainty, and the use of discrete choice models for parcel-level data (Rashford 
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et al, 2009).  However, the basic decision theory of net return maximization still remains the 

same irrespective of the modern models. This thesis examines land use decisions of private 

landowners. In the absence of market failures, a private landowner’s decision maximizes net 

social returns from the use of land.  In reality, land use decisions often involve market failures 

with external costs or benefits not born by private landowners (Bell, Boyle and Rubin 2006).  In 

these cases the land use decisions of private landowners do not maximize net social returns. By 

illustrating an overview of the economic analysis of land use decisions, a simple model of private 

land allocation which underlines all economic models of land use is derived. The model is 

developed in the context of four broad land uses, cropland, grassland, CRP and other land, but 

this approach can be modified to include more land uses. The other land category includes urban, 

rural, forest, woodland not pastured and land under electric lines.  

We begin by considering a landowner who has a fixed amount of land, A, to allocate to four 

alternative uses, where  𝑎𝑎1 + 𝑎𝑎2 + 𝑎𝑎3 + 𝑎𝑎4 = 𝐴𝐴. Land allocated to cropland, grassland, CRP and 

other land uses are denoted by 𝑎𝑎1, 𝑎𝑎2 , 𝑎𝑎3and 𝑎𝑎4 respectively.  Each use generates private net 

returns denoted by 𝑅𝑅𝑖𝑖 where i=1, 2, 3, 4. Landowners allocate their land to maximize the net 

returns subject to the following constraints: 

(1)                                      max
𝑎𝑎1,𝑎𝑎2𝑎𝑎3,𝑎𝑎4

𝑅𝑅 = 𝑅𝑅1 + 𝑅𝑅2 + 𝑅𝑅3 + 𝑅𝑅4 

                                        Subject to 𝑎𝑎1 + 𝑎𝑎2 + 𝑎𝑎3 + 𝑎𝑎4 = 𝐴𝐴 

                                                                                0 ≤ 𝑎𝑎1 ≤ 𝐴𝐴 

                                                                               0 ≤ 𝑎𝑎2 ≤ 𝐴𝐴 

                                                                               0 ≤ 𝑎𝑎3 ≤ 𝐴𝐴 

                                                                               0 ≤ 𝑎𝑎4 ≤ 𝐴𝐴 
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The first constraint indicates that the sum of land in these four uses must equal the total amount 

of land available to the landowner. Each individual land use cannot be greater than the total 

amount of land as shown in the remaining constraints.  

Suppose the net returns are linear in the acres of land (i.e. 𝑅𝑅𝑖𝑖 = 𝑟𝑟𝑖𝑖𝑎𝑎𝑖𝑖 ), which is appropriate when 

an individual landowner uses the land to produce product sold in a competitive market. The 

solution to this problem is to put all land into the use with the highest per acre returns, thus set 

𝑎𝑎2=A, 𝑎𝑎1=0, 𝑎𝑎3=0 and 𝑎𝑎4=0 if 𝑅𝑅2>𝑅𝑅4>𝑅𝑅3>𝑅𝑅1 and set 𝑎𝑎1=A, 𝑎𝑎2=0, 𝑎𝑎3=0 and 𝑎𝑎4=0, if 𝑅𝑅1>𝑅𝑅2>𝑅𝑅3 

>𝑅𝑅4. This is a corner solution in which only one land use is chosen under the assumption of risk 

neutrality. If the landowner is risk averse then some parcels of land may be allocated to cropland, 

grassland, CRP and other land uses rather than to a single use. This is to avoid any uncertainty 

associated with sticking to a specific land use.1   

Economists generally assume diminishing marginal returns from any given land use. The 

solution to (1) under diminishing marginal returns must satisfy the idea that the optimal land 

allocation occurs when the marginal returns from the four uses are equal.2 When the marginal 

return to one use is greater than the other, the total net returns can be increased by reallocating 

more land to the use with greater marginal returns and this allows for a given landscape to be in 

multiple uses, as observed in reality (Bell, Boyle and Rubin 2006). This provides the basis for 

nearly all land allocation models. More realistically, the marginal returns are more complex and 

other variables (factors) are expected to impact the returns to alternative uses (in addition to the 

amount of acreage devoted to each use). The marginal returns could be a function of soil quality, 

time, uncertainty (measures of risk such as yield variance), location of land (spatial attributes), 

1 If 𝑅𝑅𝑖𝑖=𝑅𝑅𝑖𝑖(𝑎𝑎𝑖𝑖), then FOC 𝑅𝑅𝑖𝑖′>0 and SOC 𝑅𝑅𝑖𝑖′′<0 
2 𝑅𝑅1′(𝑎𝑎1) = 𝑅𝑅2′(𝑎𝑎2) = 𝑅𝑅3′(𝑎𝑎3) = 𝑅𝑅4′(𝑎𝑎4) 
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and landowner characteristics. These complex specifications accurately describe observed land 

use by allowing the net returns to alternative uses to differ due to specific characteristics and, as 

such, the models predict the highly heterogeneous land use that is observed in reality (Rashford 

et al. 2009). 

 

4.3. Empirical Method 

Empirical land use change models are essential for testing theories of land use and informing 

policies aimed at managing land use change (Bell, Boyle, and Rubin 2006). Readily available 

data on land use in the US are aggregated, hence presenting the need to use the land use share 

model which forms the centerpiece of economic analysis with aggregate data. Most land use in 

US and Canada is modeled using the basic land use share model which predicts the proportion of 

total land allocated to various land uses using aggregated data at the state, region, or county level 

for the US and at the provincial, region, and rural municipality levels for Canada (Bell, Bolyle 

and Rubin 2006).  I use data at the county level in the US.  This accounts for county level 

heterogeneity due to spatially correlated factors such as weather and soil quality. 

There are different ways of specifying land use shares.  I adopt the logistic specification, which 

is frequently used to model individual land use decisions from aggregated data (Lichtenberg 

1989; Wu and Borsen 1995; Plantinga et al. 1999; Rashford, Bastian and Cole 2011). This 

estimated land use share model quantifies the relationship between cropland, grassland, CRP, 

and other land uses based on economic conditions and regional characteristics. The logistic 

model constrains the land use shares to a unit interval and ensures that they sum to one 

(Lichtenberg, 1989). The implicit acreage function for the four alternative uses is expressed as a 
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function of net revenue and regional characteristics such as land quality. For instance, all else 

equal, a county with a large amount of high quality land suitable for agriculture will have a 

higher agricultural land use share. To specify the land use share, an implicit acreage function of a 

county 𝑖𝑖 of land use k at time t is expressed as    

 (2)                                   𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝑅𝑅, 𝑧𝑧𝑖𝑖)   

where 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 denotes the acreage in land use k, in county 𝑖𝑖, at time t; 𝑅𝑅 is a vector of net returns to 

each land use; and 𝑧𝑧𝑖𝑖 is a vector of fixed regional characteristics. 

The share of land in use k in region 𝑖𝑖 at time t is defined as 

(3)                                     𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =
𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖

∑ 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖4
𝑖𝑖=1

 

 

Adapting the method used by Plantinga et al. (1999), an observed share for land use k can be 

expressed as 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 where 𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 is the expected share of land allocated to use k at time 

t, which also represents the optimal land allocation given economic and other conditions 

assuming that the error term has a mean value of zero, hence  𝐸𝐸[𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖] = 𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖. The actual land 

allocation may differ from the optimal land allocation and this difference is then captured in the 

error term. The expected share is expressed by the following logistic specification: 

(4)                                     𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 =
𝑒𝑒𝑒𝑒𝑒𝑒 [𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖]

∑ 𝑒𝑒𝑒𝑒𝑒𝑒 [𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖]𝑖𝑖
1

=
𝑒𝑒𝑒𝑒𝑒𝑒 [𝑓𝑓(𝑅𝑅, 𝑧𝑧𝑖𝑖 )]

∑ 𝑒𝑒𝑒𝑒𝑒𝑒 [𝑓𝑓(4
1 𝑅𝑅, 𝑧𝑧𝑖𝑖 )]

  

Where ∑ 𝑒𝑒𝑒𝑒𝑒𝑒[𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖]𝑖𝑖
1  represents the total area of land in county 𝑖𝑖 and this ensures that the total 

area of land is exogenous and hence does not bias the estimation procedure (Wu and Brorsen 
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1995). The sum of the land use shares must equal one (additivity constraint) implying that one of 

the shares must be removed and computed from the other shares.3 

One advantage of the share model is its ability to transform into a linear equation. Equation (4) 

above can then be transformed to yield a linear in the parameters estimating equation by 

specifying the natural log of an observed share normalized on a common chosen share (i.e.𝑦𝑦𝑖𝑖4𝑖𝑖) 

as below: 

 (5)                                 ln(𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖4𝑖𝑖) =⁄  𝑓𝑓𝑖𝑖(𝑅𝑅, 𝑧𝑧𝑖𝑖 ) − 𝑓𝑓4(𝑅𝑅, 𝑧𝑧𝑖𝑖 ) = 𝑔𝑔𝑖𝑖(𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖) 

                                        ln(𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖4𝑖𝑖) = 𝜃𝜃𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖⁄  

Where 𝜃𝜃𝑖𝑖 denotes a vector parameters to be estimated; 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 is a vector of explanatory variables 

for use k, county i in time t; and 𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖 is the transformed error term. I assume all functions 𝑔𝑔𝑖𝑖 are 

linear in the explanatory variables.  This forms a system of 𝐾𝐾 − 1 equations.  

Ahn, Plantinga, and Alig (2000) suggested that comparing pooled, fixed effects (dummy) and 

random effects (error component) specifications of the cross sectional-time series land use share 

model, the dummy variable model is generally preferred to the pooled and error component 

model. They suggest that the pooled specification represents the dataset more accurately as 

compared to the error component model. They also indicate that the coefficients in the OLS 

(pooled) model most likely measure the spatial effect of the returns to each land use as compared 

to the dummy variable model. I adopt the least square dummy variable (fixed effect model) 

model for this study.  

3   𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑒𝑒𝜃𝜃𝑘𝑘
′𝑋𝑋𝑖𝑖𝑘𝑘𝑖𝑖

1+∑ 𝑒𝑒𝑘𝑘1
𝜃𝜃𝑠𝑠
′𝑋𝑋𝑖𝑖𝑘𝑘𝑖𝑖

 for k=1,2,3 

 and 𝑦𝑦𝑖𝑖4𝑖𝑖 = 1

1+∑ 𝑒𝑒𝑘𝑘1
𝜃𝜃𝑠𝑠
′𝑋𝑋𝑖𝑖𝑘𝑘𝑖𝑖

 .   
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The land use shares of cropland (yi1t), grassland (yi2t), and CRP land (yi3t) are normalized on a 

common share by the other land use share (yi4t).  The system of equations is given in equation 

(6) below:  

(6)                           𝑙𝑙𝑙𝑙𝑦𝑦𝑖𝑖1𝑖𝑖∗ =∝1+ 𝛽𝛽1𝑖𝑖𝑅𝑅 + 𝜌𝜌𝑖𝑖𝑧𝑧𝑖𝑖 + 𝛾𝛾1𝐷𝐷 + 𝛿𝛿1𝐼𝐼 + 𝑒𝑒1𝑖𝑖𝑖𝑖 

                                 𝑙𝑙𝑙𝑙𝑦𝑦𝑖𝑖2𝑖𝑖∗ =∝2+ 𝛽𝛽2𝑖𝑖𝑅𝑅 + 𝜌𝜌𝑖𝑖𝑧𝑧𝑖𝑖 + 𝛾𝛾2𝐷𝐷 + 𝛿𝛿2𝐼𝐼 + 𝑒𝑒2𝑖𝑖𝑖𝑖 

                              𝑙𝑙𝑙𝑙𝑦𝑦𝑖𝑖3𝑖𝑖∗ =∝3+ 𝛽𝛽3𝑖𝑖𝑅𝑅 + 𝜌𝜌𝑖𝑖𝑧𝑧𝑖𝑖 + 𝛾𝛾3𝐷𝐷 + 𝛿𝛿3𝐼𝐼 + 𝑒𝑒3𝑖𝑖𝑖𝑖 

         
Where 𝜃𝜃𝑖𝑖 = (∝,𝛽𝛽, 𝜌𝜌, 𝛾𝛾, 𝛿𝛿) 𝑎𝑎𝑙𝑙𝑎𝑎 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 = (𝑅𝑅, 𝑧𝑧,𝐷𝐷, 𝐼𝐼). 4 Explanatory variables, 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖, are outlined in 

Tables 1 and 2, which include net returns to each land use category and regional characteristics 

(land capability classes).  The variable 𝐷𝐷 includes time and region dummy variables (fixed 

effects) and 𝐼𝐼 includes interactions between the time and region fixed effects. 

Each parcel of land in a county has different land qualities and returns on this land vary with 

respect to land use and land quality. Land quality accounts for heterogeneity of land use across 

counties. In the specification above, the net returns are county level averages and vary as a result 

of differences in land quality, types and quantity of crops grown, and weather conditions.  The 

average net return to other land uses in county 𝑖𝑖 is unobserved.  I use population density as a 

proxy for these returns in the US equations (Plantinga et al. 1999). Most land use analyses use 

population density to account for the allocation of land to urban use (Wu and Segerson 1995; 

Hardie and Park 1997; Ahn, Plantinga, and Alig 2000).  In this study population density (total 

divided by total county land area) is used as the variables to explain the share of land devoted to 

4 Where the transformation of  𝑙𝑙𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖∗ = ln (𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖4𝑖𝑖⁄ ) 
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other land uses.  Finally a time dummy (fixed effect for each year t) and an agricultural district 

dummy (fixed effect for a particular region) are added to the equation to capture unobserved time 

effects and regional effects that may influence a landowners’ decision to allocate land to a 

desired use. The time dummy variable controls for things that stays constant for a particular time 

across regions such as interest rates, exchange rates, and technological changes, while the 

regional dummies control for factors that are common within a region, such as local policies. 

There are systematic differences across states in physiological characteristics such as climate or 

landowner objectives which makes the dummy variable specification warranted (Ahn, Plantinga 

and Alig, 2000). Most studies use pasture rental rates and livestock prices as proxies for 

grassland returns which do not vary across county (i.e. the data is available only at the State 

level). This presents a constraint to this thesis as the analysis is done at the county level.  The use 

of Agricultural District (AD) dummy variables captures some variation in grassland returns not 

captured by state level pasture rental rates. Interactions between the time and region dummies are 

also included in the regression. These capture factors that are specific to a particular region but 

change with time (AD specific shocks that vary over time) and time specific factors that vary 

across AD. 

 

4.4 Elasticities 

One condition for identification for the above system is that the number of observations should 

exceed the number of unknown parameters in 𝜃𝜃𝑖𝑖 . Estimated parameters in this equation are 

difficult to interpret on individual land use shares because the dependent variables are a function 

of two shares. Thus, the coefficients from our model measure the marginal effect of the share 
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ratio for a one unit change in the independent variables. Hence the need to derive marginal 

effects and elasticities for each explanatory variable that measure the expected percentage 

change in the individual land use share in response to a one percent change in the explanatory 

variable. According to Rashford et al. (2009), the marginal effect of land use k in region i with 

respect to an explanatory variable x is defined as:                

(8)               𝑀𝑀𝐸𝐸𝑥𝑥 = 𝜕𝜕𝜕𝜕𝑖𝑖𝑘𝑘
𝜕𝜕𝑥𝑥𝑖𝑖

= 𝑦𝑦𝑖𝑖𝑖𝑖[𝜃𝜃𝑖𝑖𝑥𝑥 − ∑ 𝑦𝑦𝑖𝑖𝑖𝑖(𝜃𝜃𝑖𝑖𝑥𝑥)]2
𝑖𝑖=1  

Where 𝑦𝑦𝑖𝑖𝑖𝑖 is the share of land use 𝑘𝑘 in region i, 𝑦𝑦𝑖𝑖𝑖𝑖 is the share of land in alternative use l 

different from k in region i, 𝑒𝑒𝑖𝑖 is the value of explanatory variable x in region 𝑖𝑖,  𝜃𝜃𝑖𝑖𝑥𝑥 is the 

coefficient in land use k equation with respect to the explanatory variable x, and 𝜃𝜃𝑖𝑖𝑥𝑥 is the 

coefficient in the alternative use l equation with respect to the explanatory variable x. 

The elasticity is then given as  

(9)        𝑀𝑀𝐸𝐸𝑥𝑥 × 𝑒𝑒𝑖𝑖 𝑦𝑦𝑖𝑖𝑖𝑖�  

This equation will be estimated with the other land use category implicitly captured in the ratio 

as shown above. With the specification above, the log share equations involve the same set of 

regressors for each county and the system is estimated using seemingly unrelated regression 

(SUR).  

 

4.5 Simulations 

The land use share serves as the basis for simulating the effect of implementing a grassland 

conservation incentive and farm program. The estimates from the econometric model described 

above are used to simulate the impact of an incentive (subsidies or tax) for conversion and 
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retention, where these subsidies/taxes increase or decrease the net returns to grassland or to 

cropland. The removal of subsidies on crop insurance would reduce net returns to cropland 

production.  Supposing a subsidy, 𝑆𝑆, is introduced for grassland, it yields an increased new share 

as a function of the subsidy, 𝑦𝑦𝑖𝑖2𝑖𝑖(𝑆𝑆 > 0). The effect of the subsidy is captured by the difference 

between the old share without the subsidy and the new share with the subsidy, 𝑦𝑦𝑖𝑖2𝑖𝑖(𝑆𝑆 > 0) −

𝑦𝑦𝑖𝑖2𝑖𝑖(𝑆𝑆 = 0). The same effect is observed when a tax is impose on cropland or subsidies on crop 

insurance are removed, which reduce the net returns to cropland. For example, if a $10 subsidy 

on grassland makes it worthwhile for a landowner to convert a piece of cropland to grassland 

then a $10 reduction in net returns on crops will also make it worthwhile for the same landowner 

to convert cropland to grassland. Removal of crop insurance subsidies decreases the probability 

of retention in cropland or conversion to cropland. This approach does not simulate incentives 

placed on grassland returns directly since we do not have good estimates representing returns to 

grassland. 

For a reduction in cropland net returns, I simulate the increase in CRP acreages/shares and the 

reduction in cropland shares. A base year is selected (i.e. 2007) and all variables are assumed 

constant except for returns to cropland. The baseline projections are 2007 acreages since 

population and other variables remain constant. In these simulations the same crop insurance 

premium payments are assumed to be made nationwide as opposed to offering different 

payments based on historical area yields. This simulation is conducted according to the following 

procedure: 

(1) Recalculate the returns to cropland in each county by subtracting the crop insurance 

subsidy, assuming that returns remains at their 2007 level.  
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(2) Use the land use share elasticities to predict the percentage change in the share of land in 

CRP for each county as a result of the removal of crop insurance. The elasticity with 

respect to crop net returns is a measure of changes in land use given a 1% change in the 

net returns to cropland. Elasticities will vary by county due to different soil quality, crop 

history, and weather conditions.  

Crop revenue insurance is triggered when revenue is low while crop yield insurance is triggered 

when yield is low, which protects farmers from losses. On average grassland returns are less than 

that of cropland. Claassen et al. (2011) found that subsidies on crop insurance represented 

between 2.0 to 5.5 percent of crop revenue and 9 to 14% of crop net returns to cropland. The 

USDA estimation of the percent of crop insurance indemnities presented in crop returns ranges 

from 5 to 15% and 4 to 10% of crop revenue as shown in figure 2. Crop insurance premiums are 

heavily subsidized by the federal government.  In 1999 Congress passed a temporary premium 

subsidy increase that was eventually made permanent under the Agricultural Risk Protection Act 

of 2000 (Claassen et al. 2011). In this bill the government pays 59% of the premium if a farmer 

buys 65 or 70% coverage representing about 90% of premium covered by the government. 

Assuming that full premium equals to the expected government subsidies (with crop insurance 

subsidy as a percentage of crop returns), I simulate a 5%, 10% and 15% reduction in crop net 

returns. This reduction in net returns are what producers/farmers expect to receive on average 

over a period of years without crop insurance subsidized (Claassen et al. 2011). 

For every reduction in crop returns, the predicted value of 𝑦𝑦𝑖𝑖𝑖𝑖 is determined. The number of 

grassland acres protected from this reduction are estimated by the difference between acres of 

grassland without crop insurance subsidies and acres of grassland with the crop insurance 

subsidy.   
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4.6 Data 

The land use share model as outlined above requires various sets of data with the main data 

categories used in empirical analyses including:   

• Land use acreages  

a) Annual Cropland (A1)    

b) Grassland (A2)   

c) CRP land (A3)    

d) Total land 

• Total revenue for each land use   

a) Cropland Revenue 

b) Pasture Rental rate 

c) CRP rental rate 

• Input Cost  

• Population Density 

• Land quality  

These data sets are derived from different sources. The land use acreage used to determine the 

share for each land use serves as the dependent variable while the other data serves as the 

independent/explanatory variables in the share model. Data between 1997 and 2007 in five years 

intervals are used for this analysis. Table 1 below provides a summary description of the 

variables used. 
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Table 1. Descriptive Statistics of Dependent and Independent Variables  

Variables United States 

Mean Std. Dev. Min Max 

Dependent Variables 

Share of land in Cropland (𝑦𝑦𝑖𝑖1𝑖𝑖) 0.6 0.21 0.029 0.95 

Share of land in Grassland (𝑦𝑦𝑖𝑖2𝑖𝑖) 0.15 0.15 0.008 0.738 

Share of land in CRP (𝑦𝑦𝑖𝑖3𝑖𝑖) 0.055 0.04 0.002 0.199 

Share of land in All other land (𝑦𝑦𝑖𝑖4𝑖𝑖) 0.189 0.1 0.01 0.65 

Independent variables 

Expected Returns to Cropland  (Varies by year 
and County) NR  

121.4 65.2 1.8 299.4 

Pasture Rental Rates/Grassland Returns (Varies 
by year and State) PR 

19.2 10.2 6.5 39 

Population Density ( Varies by year and County) 
PD 

0.039 0.08 0.0013 1.124 

CRP Rental Rate (Varies by year and county) 84.2 31.7 42.8 168 

Regional Characteristics 

Proportion of land in Land Class 1 and 2( Varies 
by County) 𝐿𝐿𝐿𝐿1,2 

60.2 23.8 0 95.7 

Proportion of land in Land Class 3 and 4(Varies 
by County) 𝐿𝐿𝐿𝐿3,4 

27.08 16.4 2.3 86.6 

Proportion of land in Land Class 5 to 8(Varies 
by County)  𝐿𝐿𝐿𝐿5−8 

12.4 11.6 0.28 81.8 

 

Land Use Acreage  

Data on total acres of land in grassland and cropland use in county i at time t are derived from 

the USDA Census of Agriculture historical archive through the National Agricultural Statistics 

Service (NASS). That of the total acres of land in CRP is also derived from the USDA, NASS 

database. Cropland acres are derived by subtracting cropland used for grazing and CRP land 

from total cropland, where grassland involves all types of pasture land. Acreage in other land use 

categories serves as the residual and is derived by identifying the total land area as reported in 
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the Census of Agriculture data and finding the difference by subtracting the cropland, grassland 

and CRP acres from it. This data set suggests that the total land acreage does not vary much in 

time with an average of about 1% change in total land area but greater variation in cropland acres 

over time. 

Net Returns to Cropland:  

In order to estimate total revenue per acre for cropland, yield and output prices of crops grown in 

the PPR are collected from Census of Agriculture and the NASS, respectively. Average of five 

years lagged prices are used to compute revenues since these are prices observed by landowners 

when making land use decisions for time period t.5 These prices received by farmers are 

available at the State level and are combined with agricultural yields which are available at the 

county level to derive approximate county level gross returns. In turn, the state level prices are 

transformed to disaggregated county level in order to determine the gross return, which captures 

spatial differences in returns: 

𝐺𝐺𝑟𝑟𝐺𝐺𝐺𝐺𝐺𝐺 𝑅𝑅𝑒𝑒𝑅𝑅𝑒𝑒𝑙𝑙𝑅𝑅𝑒𝑒 = 𝑌𝑌𝑖𝑖𝑒𝑒𝑙𝑙𝑎𝑎 × 𝐿𝐿𝑎𝑎𝑔𝑔𝑔𝑔𝑒𝑒𝑎𝑎 𝑃𝑃𝑟𝑟𝑖𝑖𝑃𝑃𝑒𝑒𝐺𝐺 
                                                                     𝐺𝐺𝑅𝑅 =  𝑌𝑌𝑖𝑖 × (� 𝑃𝑃𝑖𝑖−1+𝑃𝑃𝑖𝑖−2+𝑃𝑃𝑖𝑖−3+𝑃𝑃𝑖𝑖−4+𝑃𝑃𝑖𝑖−5�

5
) 

Most prevalent agriculture land uses in the US PPR include corn, wheat, barley, oat, soybean, 

canola, sorghum, sunflower, flaxseed, rye, potatoes and pulse such as lentils, dry beans and peas, 

which serve as representative crops. County level net returns per acre are then estimated for these 

representative crops.  These crops account for an average of 98% of cultivated crop acreages in 

Iowa, 89% in Minnesota, 80% in Montana, 88% in North Dakota, and 81% in South Dakota for 

the 2007 census year.  

5 Upon attaching different weight to the prices by giving more weight to the most recent years, econometric estimate 
did not change significantly  using this data set( i.e. 0.4𝑃𝑃𝑖𝑖−1 + 0.2𝑃𝑃𝑖𝑖−2 + 0.2𝑃𝑃𝑖𝑖−3 + 0.1𝑃𝑃𝑖𝑖−4 + 0.1𝑃𝑃𝑖𝑖−5) 
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The annual variable cost of production for each crop is calculated from NASS assuming the 

fixed cost of agricultural production is constant across crops.  Variable/operating expenses 

include cost of chemicals (herbicides, insecticides, and fungicides), fertilizers and lime 

purchases, fuel expenses, seed, plants, supplies and repairs.    

Finally, the net return for each crop will be computed by subtracting the variable cost from the 

gross returns: 

 (11)                       𝑁𝑁𝑒𝑒𝑁𝑁 𝑅𝑅𝑒𝑒𝑁𝑁𝑅𝑅𝑟𝑟𝑙𝑙𝐺𝐺 = 𝐺𝐺𝑟𝑟𝐺𝐺𝐺𝐺𝐺𝐺 𝑅𝑅𝑒𝑒𝑅𝑅𝑒𝑒𝑙𝑙𝑅𝑅𝑒𝑒 − 𝑉𝑉𝑎𝑎𝑟𝑟𝑖𝑖𝑎𝑎𝑉𝑉𝑙𝑙𝑒𝑒 𝐿𝐿𝐺𝐺𝐺𝐺𝑁𝑁   

All net return variables are deflated using the GDP implicit price deflator of 2009 sourced from 

the US Bureau of Economic Analysis, Department of commerce. This is to track or use real 

returns data independent of any price movement to enable comparison across time periods. 

Returns to Grassland, CRP, and other uses 

There are no readily available data for net returns to grassland, but this effect is captured in state 

level pasture rental rate derived from NASS. The CRP rental rate which is also derived from the 

USDA Farm Service Agency serves as the returns on CRP lands category.  Population density is 

used in the land use share model to indicate the pressures in a county for rural urban use and land 

development (Plantinga et al. 2003).  This is derived from Census of Population and Housing. 

This is calculated as the population divided by total county land area (population per acre).  
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Land Quality  

The Natural Resources Conservation Service (NRCS) data comes with the land capability class 

(LCC) for each county, which are indexes for soil attributes (i.e. slope, soil type, etc.). The rating 

of the LCC ranges from 1 to 8 with 1 being the highest quality land and 8 the lowest quality land. 

The proportion of land in high (class 1, 2), medium (class 3, 4) and low (class 5, 6, 7, 8) quality 

land are determined to reflect the variation of land quality within a county. This does not change 

with time since land quality tends to remain constant over a long period of time.  
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CHAPTER FIVE 

 RESULTS AND DISCUSSION 

5.1 Introduction 

This chapter describes the results from the land use share model developed in Chapter 4. The 

first section outlines the results of the US PPR land use share models explaining the economic 

variables, regional characteristics and dummy variables effect on the various land uses. This is 

followed by a section estimating the marginal effect of each explanatory variable on the 

dependent variables. Finally the third section reviews some application of the land use share 

model by simulating the effect of crop price increase on land use and the removal of crop 

insurance subsidies on CRP land use. 

 

5.2 Land Use Share Model 

The econometric model is composed of a system of linear equations with errors that are 

correlated across equations for a given region but not correlated across regions resulting in the 

use of SUR estimation. The SUR specification is warranted as the three log share equations 

involves the same set of regressors for a particular state and time period. Results of the land use 

share model are presented in Table 2 with estimated coefficients and their standard errors.  The 

reported standard errors are heteroskedasticity-robust standard errors. The coefficients can be 

interpreted as the percentage change in the share ratio (𝑦𝑦𝑖𝑖 𝑦𝑦4⁄ ) for a one unit change in the 

explanatory (independent) variables. The coefficients of multiple determination (R2) for 

cropland, grassland, and CRP equation are 0.76, 0.71 and 0.5 respectively.  
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Table 2. Parameter estimate from US land use share model 

 

Variables 

Cropland/Other 
Equation 

Grassland/Other 
Equation 

CRP/Other 
Equation 

Coefficient  S.E Coefficient  S.E Coefficient  S.E 

Net Returns .005 * .001 .003 ** .001 .0007 ** .001 

Pasture Rental Rate -.048 * .006 .032 ** .005 -.029 * .007 

CRP Rental Rate .015 * .003 -.012 * .003 .008 ** .004 

Population Density -1.006 * .307 -1.815 * .299 -1.495 * .369 

LCC 12 .031 * .004 -.0133 * .003 .012 * .004 

LCC 34 .025 * .005 -.006  .005 .033 * .006 

D1997 -1.767 * .285 .503 *** .278 -1.809 * .342 

D2002 -1.278 * .242 .202  .237 -1.556 * .291 

Central MN .195  .284 -.724 * .277 -.539  .341 

Central MT .253  .497 -.182  .506 -.491  .61 

Central ND 1.317 * .368 .091  .348 1.5 * .428 

Central SD .989 * .352 .928 * .343 .903 ** .411 

East Central ND 1.562 * .376 -.584  .366 .591  .452 

East Central SD 1.531 * .314 .612 ** .304 .847 ** .374 

North Central IO -.058  .232 .089  .228 .569 ** .278 

North Central MT .729 ** .354 .047  .336 .71 *** .422 

North Central ND 1.547 * .386 -0.27  .382 1.85 * .463 

North Central SD 1.219 * .338 .954 * .33 1.3 * .41 

North Eastern MT 1.194 * .427 .447  .398 1.214 ** .498 

North Eastern ND 1.048 * .347 -1.359 * .354 1.356 * .417 

North Eastern SD 1.299 * .331 .063  .332 1.888 * .398 

North Western IO -.114  .243 -.174  .238 .278  .292 

North Western MN 1.007 * .331 -1.11 * .323 1.287 * .397 

North Western ND 1.378 * .392 .042  .358 1.425 * .457 

South Central MN .078  .227 -1.385 * .229 -.288  .273 

South Central ND 1.187 ** .489 .78 *** .459 1.3 * .587 

South Eastern MN -.326  .408 -.633  .399 -.123  .49 

South Eastern ND 1.202 * .352 -.026  .344 1.247 * .423 

South Eastern SD 2.23 * .321 .356  .309 .136  .38 

South Western MN .068  .249 -0.3  .249 .134  .307 
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West Central IO .648  .291 .035  .283 -.119  .348 

West Central MN .529 ** .282 -1.085 * .261 .49  .321 

West Central ND 1.312 * .606 .076  .586 1.245 *** .735 

R2 0.76 0.71 0.506 

Number of Observations: 552 
Note: *, **, *** denote significance at 1, 5 and 10% levels respectively. S.E means standard 
error 
 
 

5.2.1 Explanatory Variables 

Most of the exogenous variables are significant at the 1% level of significance, indicating that 

the exogenous variables (crop net returns, pasture rental rates, CRP rental rates, population 

density, and the land capability classes) have a statistically significant effect on landowners land 

allocation decisions. The effect of own net returns on land use are positive and significant. This 

implies that when the net returns to a particular use increases, the share of land in that use also 

increases, holding all other factors constant. In the cropland share equation, a one dollar per acre 

increase in crop net returns increases the share of cropland relative to other land use by 0.005%. 

In the grassland share equation a one dollar increase in the pasture rental rate increases the share 

of grassland relative to other land use by 0.0317%.  Finally, a one dollar increase in the CRP 

rental rate increases the share of land in CRP relative to other land uses by 0.008%.   

The results for the cross effect coefficients on net returns are mixed. It is expected that when the 

net returns to cropland increase the share of land in grassland and CRP relative that of other land 

uses should decrease. Thus, the returns to an alternate land use should have a negative 

relationship with own land use shares. This expectation holds for the CRP equation as the 

coefficients on returns to alternative land uses are negative. In the grassland equation, the pasture 

rental rate coefficient is positive while the CRP rental rate coefficient is negative, as expected.  
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In the CRP equation, the coefficient on the CRP rental rate and the pasture rental rate are positive 

and negative, respectively. The cropland net returns and the CRP rental rate have positive effects 

on both cropland and CRP shares relative to other land uses, a result also found in work done by 

Rashford (2009). This may be a result of high correlation between the returns to these land uses. 

As crop returns increase, the CRP rates increase to motivate landowners who are already in the 

program to remain in the CRP. 

Population density, which proxy’s returns to other land uses, has the expected negative sign in all 

three land use equations (i.e. cropland to other land equation, grassland to other land equation, 

and CRP land to other land equation) but the magnitude of the effect varies. This negative 

coefficient signifies that regions with higher population density tend to have lower shares of land 

in cropland, grassland and CRP.  

5.2.2 Regional Characteristics 

Land quality coefficients generally behaved as expected in all three equations. High quality land 

(LCC12) shows a positive and significant relation with the ratio of cropland/other land and 

CRP/other land use share but a negative relation with the ratio of grassland/other land use 

relative to that of low quality land (LCC58). This means that high quality land is more likely to 

be allocated to cropland use as compared to low quality land. Counties with more medium 

quality land (LCC34) have higher shares of land in cropland and CRP and lower shares of land 

in grassland.  Counties with a high proportion of high and medium quality lands have larger 

shares of land in cropland while counties with smaller proportions of high and medium quality 

land have a larger share of land in grassland. Counties with more high and medium quality land 

have higher shares of total acreage in the CRP program and this is as a result of the movement of 
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cropland into the CRP program. Overall, these results indicate that counties with high and 

medium (low) quality land have more cropland and CRP land (grassland).  

5.2.3 Year and Agricultural District Fixed Effects 

Year dummies reflect factors that are constant for a particular year across counties. Significant 

coefficients as above suggest that there are important factors in specific years (1997 and 2002) 

relative to 2007(omitted year) that are not captured by the explanatory variables. This suggest a 

general difference over time in the share of land allocated to the various land uses.  

Most of the agricultural district dummy variables are significant in all three equations. Central 

Iowa was dropped from the equation and served as the reference agricultural district. This 

general significance of the agricultural district dummy variables suggest that there are important 

differences across agricultural districts that are not captured by the explanatory variables in the 

model. These differences can be a result of different regional level policies within the USPPR.  
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5.3 Marginal Effects 

Marginal effects and elasticities—the expected percentage change in the individual land use 

share in response to a one percent change in the explanatory variable—are derived in this 

section.  The marginal effect 𝜕𝜕𝑦𝑦𝑖𝑖𝑖𝑖 𝜕𝜕𝑒𝑒𝑖𝑖⁄ , is derived from equation (3) using the estimated values 

of the coefficients 𝜃𝜃 and the mean values of the regressors and land use shares. Mean land use 

shares vary significantly across regions.  I calculate state and county-level elasticities using 2007 

data. Table 3 shows the state level elasticities. The elasticity for a given land use k with respect 

to a variable x in county i at time t, which is used in performing the simulations is given as: 

 (12)                   𝑒𝑒𝑖𝑖𝑖𝑖2007𝑥𝑥 =
𝜕𝜕𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖
𝜕𝜕𝑒𝑒𝑖𝑖𝑖𝑖

𝑒𝑒𝑖𝑖2007
𝑦𝑦𝑖𝑖𝑖𝑖2007

= [𝜃𝜃𝑖𝑖𝑥𝑥 −�𝑦𝑦𝑖𝑖𝑖𝑖2007(𝜃𝜃𝑖𝑖𝑥𝑥)]
2

𝑖𝑖=1

𝑒𝑒𝑖𝑖2007 

where 𝜃𝜃𝑖𝑖𝑥𝑥 is the coefficient on variable x in the equation for land use k; 𝜃𝜃𝑖𝑖𝑥𝑥 is the coefficient on 

variable x in the alternative equation for land use l; 𝑦𝑦𝑖𝑖𝑖𝑖2007 is the share of land in alternative use l 

for county i and 𝑒𝑒𝑖𝑖2007 is the mean value of variable x in county i.  The elasticities take into 

account the effect of the explanatory variable x on all the various land uses. Thus the elasticities 

are a function of the entire portfolio of land use shares and their corresponding responses. 
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Table 3. State level Elasticity estimates for land use share model 

Variable Cropland Grassland CRP 

Elasticity  S.E Elasticity  S.E Elasticity  S.E 
Iowa 

Net Returns 0.934 * 0.198 -0.201  0.151 -0.708 * 0.192 

Pasture Rental Rate -2.001 * 0.482 2.780 * 0.512 -2.686 * 0.725 

CRP Rental Rate 2.025 * 0.397 -3.169 * 0.3 0.065 * 0.38 

Population Density -0.075 ** 0.025 -0.08 * 0.019 -0.051 ** 0.24 

LCC 12 2.37 * 0.251 -2.974 * 0.191 -1.106 * 0.243 

LCC 34 0.456 * 0.083 -0.524 * 0.063 0.233 ** 0.079 

Minnesota 

Net Returns 0.509 * 0.107 -0.031  0.802 -0.317 ** 0.105 

Pasture Rental Rate -0.996 * 0.233 1.195 * 0.233 -1.158 * 0.42 

CRP Rental Rate 1.32 * 0.253 -1.895 * 0.189 0.248 * 0.249 

Population Density -0.04 ** 0.014 -0.052 * 0.011 -0.037 ** 0.014 

LCC 12 2.142 * 0.222 -2.391 * 0.167 -0.652 ** 0.219 

LCC 34 0.519 * 0.095 -0.552 * 0.071 0.365 * 0.936 

Montana 

Net Returns 0.137 * 0.027 0.073  0.029 -0.059 *** 0.034 

Pasture Rental Rate -0.418 * 0.076 0.257 * 0.075 -0.183 * 0.109 

CRP Rental Rate 0.907 * 0.119 -0.841 * 0.127 0.458 ** 0.149 

Population Density -0.001  0.002 -0.012 * 0.002 -0.04 ** 0.002 

LCC 12 0.02 * 0.001 -0.012 * 0.002 0.005 ** 0.002 

LCC 34 1.604 * 0.222 -0.98 * 0.239 1.945 * 0.278 

North Dakota 

Net Returns 0.374 * 0.073 -0.012  0.607 -0.233 ** 0.079 

Pasture Rental Rate -0.711 * 0.148 0.716 * 0.148 -0.662 ** 0.219 

CRP Rental Rate 0.822 * 0.14 -1.110 * 0.116 0.295 *** 0.15 

Population Density -0.008 ** 0.004 -0.016 * 0.003 -0.01 * 0.004 

LCC 12 1.825 * 0.165 -1.829 * 0.136 -0.273 *** 0.177 

LCC 34 0.651 * 0.110 -0.674 * 0.904 0.558 * 0.117 

South Dakota 

Net Returns 0.46 * 0.094 -0.043  0.082 -0.324 ** 0.103 
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Pasture Rental Rate -0.815 * 0.418 0.779 * 0.164 -0.652 * 0.238 

CRP Rental Rate 1.125 * 0.16 -1.246 * 0.140 0.473 *** 0.175 

Population Density -0.011 ** 0.007 -0.033 * 0.006 -0.013 *** 0.007 

LCC 12           2.10 * 0.173 -1.821 * 0.151 -0.149  0.189 

LCC 34         0.651 * 0.11 -0.494 * 0.078 0.513 * 0.097 

Note: *, **, *** denote significance at 1, 5 and 10% levels respectively. S.E means standard 
error 
 

Returns variables 

The state level elasticities above have the expected signs with standard errors estimated using the 

delta method. From the results above the own revenue elasticities are positive, as expected. The 

own returns elasticities are mostly inelastic meaning that a one percentage change in the net 

return of a particular land use increases the share of land in that use by less than one percent. 

This is evidence of the effect of crop returns on cropland and that of CRP rental rate on CRP 

land. However, grassland appears to be more responsive to the pasture rental rates with 

elasticities greater than one in Iowa and Minnesota. This indicates that a one percent change in 

the pasture rental rate in Iowa and Minnesota will increase the share of land in grassland by more 

than one percent. The state level elasticities indicate that in Iowa a 1% increase in the returns to 

cropland will increase the share of cropland in Iowa by 0.93% which is high compared to that of 

Minnesota, Montana, North Dakota, and South Dakota where the elasticities are 0.5, 0.13, 0.37 

and 0.46% respectively. This suggests there are important spatial differences across states with 

respect to own revenue marginal effects and this sensitivity varies across states. A 1% change in 

the CRP rental rates, for example, is predicted to increase the share of land in CRP by 0.065, 

0.248, 0.458, 0.295 and 0.473% in Iowa, Minnesota, Montana, North and South Dakota 

respectively.  
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The cross revenue elasticities (i.e. returns of use k in equation for use l) generally have the 

expected negative signs. Cropland net returns do not have a statistically significant impact on 

grassland shares. A one percent increase in crop returns decreases the share of CRP land by 

0.72%, 0.31%, 0.059%, 0.23% and 0.32% in Iowa, Minnesota, Montana, North Dakota and 

South Dakota respectively. These cross return elasticities are generally inelastic and suggest an 

increase in cropland returns poses a greater risk to CRP enrollment than to acreage in grassland.  

This can be due to the fact that most CRP land is on land that was previously cropland and hence 

has a high probability of being converted to cropland if the net returns to crops increase. Cross 

return elasticities in the cropland and CRP equations with respect to pasture rental rates are 

elastic in Iowa and Minnesota but inelastic in Montana, North and South Dakota. This elastic 

response indicates that cropland and CRP acreages are relatively responsive to changes in the 

pasture rental rate in these states. 

Population Density 

Elasticities on population density are as expected as this captures land in urban and rural 

settlements. The sensitivity of these variables varies as some states are more sensitive to 

population density than others. The effect of population density on cropland in Iowa and 

Minnesota are -0.075 and –0.04 respectively, indicating urbanization pressure on cropland in 

these states are greater than that of Montana, North and South Dakota with elasticities of –0.001, 

-0.008, and -0.011 respectively. The same pattern is observed on grassland across states (i.e. -

0.08, –0.052, –0.012, –0.016, –0.033 representing IO, MN, MT, ND and SD respectively) but 

with higher magnitude as compared to the effect of population density on cropland and CRP 

land.  
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Land Capability Class 

Elasticities with respect to LCC reflects the regional differences and the location of each county 

with respect to land use. Elasticities on land capability class behave as expected. Uses like 

cropland that require high land quality have high and positive elasticities with respect to LCC 1,2 

and 3,4 meaning regions with higher land quality are better suited for crops than pastureland or 

other land use. Grassland use, which requires relatively low quality land, has negative elasticities 

with respect to LCC 1, 2 and 3, 4. CRP land use generally has a negative elasticity on LCC 1, 2 

and a positive elasticity on LCC 3, 4. This indicates that landowners are more likely to move or 

allocate medium quality land into the CRP than they will with high quality lands.  

County level elasticities are also estimated but not reported here. There are 552 county level 

elasticities for each independent variable (i.e. returns to cropland, grassland and CRP use) and 

they vary significantly over space. These are essential in simulating the effect of changes in 

cropland net returns. County level elasticities are used in simulating the county level effect of the 

removal of subsidies on crop insurance in the US PPR. These elaticities, in general, are similar to 

the State level elasticities but vary substantially over space.  
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5.4 Application of land use share model 

According to Rashford, Bastian and Cole (2011) the land use share model which quantifies 

relationships between economic and regional characteristics of land use as above help to estimate 

important determinants of land use, showing that land use change with changing economic and 

regional characteristics (i.e. effect of prices and net returns to various land uses) and this varies 

across space. This information aids conservation agencies to design and target conservation 

programs in an effective manner. 

 

5.4.1 Effect of crop price increase on land use  

Land use shares or acreages are basically a function of returns to various land uses. An increase 

in crop net returns is simulated to identify the hypothetical effect on cropland, grassland, and 

CRP. Crop prices or returns increase may be as a result of increasing demand for biofuels. I look 

at predicted acreages with respect to a 1%, 5%, 10% and 15% increase in crop net returns while 

holding returns to grassland and CRP constant. 

County level elasticities on 1%, 5%, 10% and 15% increase in crop net returns in each land use 

equation are derived. Predicted elasticities on net returns to cropland for a given land use k in 

region i is given as:  

(13)      𝑒𝑒𝑖𝑖𝑖𝑖
𝑝𝑝 = 𝑓𝑓(𝑅𝑅𝑖𝑖𝑖𝑖(∅),𝑦𝑦𝑖𝑖𝑖𝑖,𝛽𝛽)   

Where returns to cropland, 𝑅𝑅𝑖𝑖𝑖𝑖, are computed assuming a ∅ percent increase in cropland returns; 

𝑦𝑦𝑖𝑖𝑖𝑖 is the share of land in land use k in county i ; and 𝛽𝛽  is a vector of estimated parameters(crop 
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net returns) from the land use share model. These elasticities are then used to estimate predicted 

acreage changes (∆𝐴𝐴𝑖𝑖𝑖𝑖) using the expression:  

(14)       ∆𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑒𝑒𝑖𝑖𝑖𝑖
𝑝𝑝 (∅)  ×  𝐴𝐴𝑖𝑖𝑖𝑖 

Where 𝐴𝐴𝑖𝑖𝑖𝑖 is the acres of land in use k (cropland) in county i. Results aggregated up to the state 

level are presented in Table 4. 

Table 4. State level increase in share of cultivated cropland for a percentage increase in 
crop net returns (𝒆𝒆𝒊𝒊𝒊𝒊

𝒑𝒑 (∅)/100) 

Increase in Cropland share for % increase in NR 

States 1% 5% 10% 15% 

Iowa 0.0097 0.0486 0.0973 0.146 

Minnesota 0.0053 0.0267 0.0534 0.08 

Montana 0.0013 0.0068 0.0136 0.02 

North Dakota 0.0038 0.0189 0.0378 0.057 

South Dakota 0.0047 0.0234 0.0468 0.07 

 

The differences with respect to a percentage increase in crop returns can be attributed to different 

soil quality and cultivation histories which vary across the PPR. For example, the largest average 

effect of an increase in crop returns is predicted in regions with more high land quality (high 

proportion of land in LCC 12 and LCC 34), which in this study includes Iowa and Minnesota. 

This shows that regions with different land qualities respond differently to an increase in the 

returns to cropland and this is represented further in the Table 5 below. High and medium quality 

lands are more responsive to changes in returns to cropland while low quality lands are 
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unchanged, irrespective of the returns to cropland. This is because low quality lands are 

unsuitable for cultivating crops. For states with relatively small proportions of high quality land, 

a smaller but statistically significant effect with respect to an increase in crop returns is observed. 

 

Table 5. Acreage increase in cropland with respect to percentage increase in crop returns 

States Proportion 
of  land in 
LC12 

Proportion 
of  land in 
LC 34 

Proportio
n of land 
in LC5-8 

Total 
cropland  

Acreage Increase 

1% 5% 10% 15% 
IO 75.7 19 3.4 10,298,022 100,688 503,441 1,006,882 1,510,323 

MN 68.7 22.4 8.9 15,944,867 85,584 427,921 855,843 1,283,765 

MT 0.56 66.2 33 4,778,716 7,432 37,163 74,327 111,491 

ND 56.7 28.7 15 18,243,522 68,475 342,376 684,753 1,027,130 

SD 61.4 24.2 14 11,554,678 54,560 272,804 545,609 818,413 

PPR  316,741 1,583,708 3,167,415 4,751,123 

 

Increases in crop net returns implies a significant increase in the acres of cropland within the 

PPR. The increase in cropland acreage is valid for a relatively small percentage change in the net 

returns. Cropland acreage increase as net returns to cropland increases until a point where there 

is no more increase in cropland acreage (i.e. a concave response to land use).  These increases in 

cropland are derived from land in CRP and grassland which poses a threat to grassland natural 

habitat in the US. From the model above, a one percent (average $1.2/acre) increase in the net 

returns to cropland increases the acres of land in the US PPR by 316,741 acres while a 10% 

($12/acre) increase in crop net returns increases total cropland in the PPR by about 3.1 million 

acres. Furthermore, for a 15% ($18/acre) increase in net returns to cropland 4.7 million acres of 
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cropland is predicted to increase. This shows the magnitude of the effect of cropland returns on 

cropland acreage allocations within the PPR and tells how landowners are very responsive to 

changes in crop prices. 

The largest cropland acreage increase is predicted to occur in Iowa and Minnesota. Iowa with on 

average about 83% of land in cropland responded significantly to changes in crop prices with the 

highest acres of land converted from CRP and grassland into cropland. Followed by Minnesota 

with about 67% of land in cropland. This indicates that CRP and grassland within this states are 

predicted to be at risk of been converted to cropland with an increase in crop prices as shown in 

Figure 4 and Figure B.1 in the appendix. Roughly 76% of land in Iowa and 68% of land in 

Minnesota is in LCC 12, making it more feasible for landowners to convert land to cropland with 

an increase in crop prices. This conforms to prior expectations as Iowa and Minnesota have the 

largest percentage of land in cropland and lowest percentage in grassland. Even though the 

proportion of grassland in Montana, North and South Dakota are relatively high, a small increase 

in crop returns has a significant effect on cropland use. North Dakota has a higher response 

compared to that of South Dakota and Montana. Grassland and CRP land in Montana have the 

lowest risk of conversion with an increase in crop prices. This is because it has a very low 

percentage of high quality lands and high percentage of medium and low quality lands. Montana 

has the least acreage of cropland and proportionally has the highest acres of grassland and CRP 

land within the US PPR. A lot of conservation activities have taken place in Montana with about 

2.2 million acres of land in CRP as of 2007.   
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Figure 4. PPR cropland acreage increment with respect to percentage increase in net 

returns to cropland 

 

The linear relationship from my simulation is as results of my model specification. In Minnesota 

the largest predicted acreage increase occurred in counties within the North Western and South 

Central part of Minnesota with relatively high risk of converting CRP and grassland into 

cropland with an increase in crop prices. In Iowa, counties within Central and North Central 

Iowa have higher risk of conversion while counties in North central North Dakota and South 

Eastern South Dakota are those more at risk to an increase in crop prices. Most counties in 

Montana and part of North Dakota (i.e. west central  and south central North Dakota) have the 

lowest risk of conversion as responses to crop price increases is low relative to other counties.  
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5.4.2 Simulating removal of Subsidies on Crop Insurance 

The removal of subsidies on crop insurance could reduce the rate at which native grassland or 

CRP lands are converted for crop production within the PPR. This is because the removal of crop 

insurance subsidies reduce the net returns to cropland making it less lucrative for landowners to 

convert their grassland to cropland. The impact of removal of crop insurance subsidies on 

grassland/CRP to cropland conversion and vice versa is very important and is addressed in this 

section. Simulations are performed to predict land use shares using parameter estimates from the 

SUR land use share model. This is estimated by using explanatory variables and coefficients to 

estimate elasticity variables (i.e. net returns coefficient on CRP acres) where the elasticities is 

expressed as   

(15 )          𝑒𝑒𝑖𝑖𝑖𝑖
𝑝𝑝 = 𝑓𝑓(𝑅𝑅𝑖𝑖𝑖𝑖(𝜋𝜋), 𝑦𝑦𝑖𝑖𝑖𝑖,𝛽𝛽)  

where 𝑅𝑅𝑖𝑖𝑖𝑖 is the net returns to cropland, 𝑦𝑦𝑖𝑖𝑖𝑖 is the share of land in use k in county i , 𝛽𝛽 is a vector 

of estimated parameters (crop net returns) and 𝜋𝜋 is the hypothetical percentage reduction in crop 

net returns as a result of the removal of subsidies on crop insurance. New land use shares are 

predicted and multiplied by the area of land in the preferred use (i.e. grassland or CRP) in each 

county to determine the acreage change. 

I simulate a range of reductions in crop returns to predict acres of CRP acres protected within the 

PPR. High, medium and low reductions in cropland returns are simulated, with low being a 5% 

decrease in cropland returns, medium a 10% decrease, and high a 15% decrease. Subsidies on 

crop insurance are calculated as a percentage of county level average crop returns where the 

same percentages are applied across the US PPR. On average the state level amount that 
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represents the value of subsidies on crop insurance in crop returns per acre are outlined in Table 

6. 

Table 6. State level effect of crop insurance subsidies ($) on Cropland net returns 

 

State 

Average values ($) of crop insurance subsidies per acre 

5% 10% 15% 

Iowa  9.19 18.38 27.57 

Minnesota 5.06 10.13 15.19 

Montana 1.65 3.30 4.95 

North Dakota 3.88 7.76 11.64 

South Dakota 5.15 10.29 15.44 

 

Cropland returns data from 2007 is used.  I assume that removal of subsidies on crop insurance 

reduces the annual per acre returns to cropland by the state level amounts represented above. 

This table shows the effect of crop insurance subsidies on expected crop returns averaged over 

space and time. In Iowa a 5, 10, and 15 percent reduction in crop net returns represents, on 

average, $9, $18, and $27 per acre reductions in net returns respectively. By these measures crop 

insurance has a huge effect in Iowa relative to that of the other states. For example, Montana 

with the lowest net returns to cropland has on average $1.60, $3 and $5 dollar reductions due to 

5, 10 and 15% reductions in net returns. 

At the county level, counties with a high propensity of converting cropland to CRP have crop 

insurance subsidy payments ranging from $24 to $30 per acre at 15% reduction in net returns. 

Boone, Hardin, Jasper, Marshall, Polk ,Story, Webster in Central Iowa, Calhoun, Greene, Sac, 
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Winnebago in West Central Iowa and Jackson, Rock in South Western Minnesota are the listed 

counties with payment ranging from $24 to $30 per acres.  Comparatively low risk counties have 

crop net return variables represented by crop insurance subsidies ranging from $3 (Glacier, 

Liberty, Phillips, Toole, Valley counties in Montana) to $6 (Burleigh, Divide, Mclean, Mountrail 

counties in north western North Dakota) per acre. 

From my simulations, the effect of removal of crop insurance subsidies on CRP land varies 

widely across counties in the US PPR. This variation is observed from the price range of crop 

insurance that represents crop net returns in Table 6 above. Table 7 below shows the state level 

acres of CRP land saved as a result of a 5%, 10% and 15% reduction in crop net returns in the 

US PPR. 

 

Table 7. CRP acreage increase for a percentage decrease in crop net returns 

State CRP acreage increase (acres) 

5% 10% 15% 

Iowa 14,178 28,356 42,535 

Minnesota 19,158 38,317 57,475 

Montana 7,889 15,778 23,668 

North Dakota 32,989 65,979 98,969 

South Dakota 17,079 34,158 51,238 

US PPR 91,295 182,591 273,887 

 

Each percentage reduction is associated with an estimated change in CRP acreage, hence 

predicting the effect of crop insurance subsidy payments on grassland conservation in the US 

PPR. These acreage changes across regions are not an explicit measure of land use conversion 
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risk, but rather provide an aggregate indication of areas most likely to convert. For a 5% 

reduction in crop net returns, it is estimated that 14,178 additional acres of cropland in Iowa will 

be enrolled in the CRP. Cropland returns in Iowa are relatively higher than that of other states 

because of the predominant high quality lands that make crop production more profitable with 

fewer restrictions on land use. This reduces the probability of land moving away from crop 

production due to high profit margins. Hence quite a small number of acres of cropland move 

into the CRP with a reduction in net returns.  The low percentage of medium and low quality 

land and also higher physiological probability of successfully growing crops in Iowa tend to lead 

to the loss of fewer acres of cropland to CRP, given a reduction in crop net returns. Cropland on 

medium and low quality lands are easily enrolled into the CRP as returns on medium and low 

quality lands are low relative to returns on high quality land. 

North Dakota, on the other hand, is predicted to have the largest acres of cropland moved into 

the CRP for a 5% decrease in crop net returns (i.e. 32,989). More than half of this predicted land 

acreage movement into the CRP occurs in eleven counties: Barnes, Dickey, Grand Forks, 

Kidder, LaMoure, McHenry, Nelson, Ransom, Stutsman, Walsh and Wells. These counties turn 

out to be those with a relatively higher proportion of medium and low quality land with an 

average of about 40% land in LCC 3, 4 and 15% in LCC 5, 8.  The model also predicts that 

Minnesota and South Dakota will gain about 19,000 and 17,000 more CRP acres due to a 5% 

decrease in crop net return. Counties such as Clay, Kittson, Lac Qui Parle, Lincoln, Marshall, 

Murray, Norman, Pennington, Polk, Redwood and Yellow Medicine in Minnesota and Campbell, 

Day, Marshall and Roberts in South Dakota are predicted to be more responsive (elastic) to a 

decrease in crop net returns.  Differences are also evident in state level analysis as shown in 

figure 5 below. The concentrated predicted increase in CRP land in a few counties may have 
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important implications for grassland conservation targeting strategies for conservation agencies 

and the government.  

CRP land increases accordingly for 10% and 15% decreases in net returns as shown in Table 7. 

For a 15% decrease in crop returns, my model predicts 98,000, 57,000, 51,000, 42,000, and 

23,000 CRP acre increases in North Dakota, Minnesota, South Dakota, Iowa and Montana 

respectively. These acreage increases represent 3.5% of CRP land in North Dakota, 3.4% in 

Minnesota, 4.5% in South Dakota, 11% in Iowa, and 1% in Montana.  For the whole US PPR 

this represents on average 3.3% of total CRP land. 

 

Figure 5. Potential increase in CRP land from other land use due to Crop insurance 

subsidy removal 

 

With respect to the entire US PPR, about 91,000 183,000, and 274,000 acres of cropland are 

predicted to move into the CRP for a 5%, 10% and 15% reduction in crop net returns. 
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Removal of crop insurance subsidies would have its greatest effects in counties within North 

Dakota and Minnesota with respect to the number of acres. These listed counties have the highest 

effect as they are more responsive (elastic) to crop price decrease than the others. It is easier to 

salvage more grassland in North Dakota and Minnesota than it is to salvage grassland in the 

other states. Below is the percentage increase in CRP land for highly elastic counties in North 

Dakota and Minnesota with respect to crop insurance subsidy removal. 

 

Table 8. Percentage increase and decrease in CRP and Cropland respectively for highly 

elastic counties 

County State CRP Acres for 15% 
reduction in NR 

% Increase in CRP 
land 

% decrease in 
Cropland 

Barnes ND 5,096 5% 1% 

Dickey ND 4,191 5.5% 1% 

Grand Forks ND 6,253 6% 1% 

Kidder ND 6,829 6% 2.5% 

LaMoure ND 3,279 5% 0.8% 

McHenry ND 3,635 3% 0.7% 

Nelson ND 3,329 3% 1% 

Ransom ND 3,790 5% 1.5% 

Stutsman ND 6,164 3.5% 1% 

Walsh ND 5,410 5% 1% 

Well ND 3,334 5% 0.6% 

Clay MN 1,775 4% 0.4% 

Kittson MN 2,658 2.5% 1% 

Lac Qui Parle MN 1,971 6% 0.6% 

Lincoln MN 2,042 5% 1% 

Marshall MN 5,073 3% 1% 
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Murray MN 2,086 9% 0.6% 

Norman MN 2,045 4% 0.5% 

Pennington MN 1,684 2% 1% 

Polk MN 5,486 4% 0.7% 

Redwood MN 1,565 9% 0.4% 

Yellow 

Medicine 

MN 1,614 6.5% 0.5% 

 

The table above shows that removal of crop insurance subsidies on highly responsive counties in 

North Dakota and Minnesota add between 2 to 9% to CRP acreage within the US PPR. These 

represent between 0.4 to 2.5% decrease in cropland acreage within the PPR on highly responsive 

counties. In general, a 15% reduction in crop net returns (i.e. removal of subsidies on crop 

insurance) increases between 0.15 to 12% of CRP land and decreases between 0.14 to 2.5% of 

cropland acres for the entire US PPR. 

 

5.4.3 Crop Insurance Subsidies have measurable impact on CRP lands 

Most farm programs have a measurable impact on the acres of Cropland and CRP land within the 

PPR. It is evident from this study that crop yield and revenue insurance subsidies by the 

government have a measurable impact on CRP lands in the US PPR. I estimated that on average 

over the years 1997 to 2007, the upper bound of crop insurance subsidies (15%) represent 

between a $3 and $30 per acre increases in crop net returns within the PPR. This amount varies 

across counties and accounts for heterogeneity due to factors such as policies, soil quality, and 

weather conditions. It is estimated that, on average, cropland in this study region was 2% greater 

than it would have been without government subsidies on crop insurance. CRP land was also, on 
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average, 6% less than it would have been without crop insurance subsidies, representing about 

273,887 acres of land. Using county level percentage estimates, in the absence of crop insurance, 

CRP acreage would have been about 6% higher in the PPR. Thus in the absence of the crop 

insurance subsidies, just under 274,000 acres of land would have been in CRP grassland. Finally, 

benefits from crop insurance subsidies appear to have boosted crop production in North Dakota 

as more grassland have been converted into cropland relative to the other states within the study 

area and period. 

These percentages indicate that removal of crop insurance subsidies would move acreage 

currently in cropland to grassland. Based on the simulation above crop insurance subsidy 

removal eventually slows down but does not stop the conversion of grassland to cropland. 

Removal of crop insurance subsidies may not be enough to salvage a large acreage of grassland 

in the US PPR.  The crop insurance subsidies could be channeled towards conservation programs 

to preserve large acres of grassland and wetland habitats.  

Continued conversion of grassland to cropland indicates an ongoing increase in the profit margin 

of crop production compared to grazing. This conversion rate is likely to be constant over time as 

farmers respond to factors such as new technology, drought and pest tolerance, crop seeds, and 

changing market conditions in order to increase their profit margin.  Loss of crop insurance 

subsidies by producers may cause some producers to return their cropland to grassland or also 

discourage some from converting existing grassland to cropland or both. In other words this 

removal of crop insurance support could slow grassland conversion but will not stop it entirely 

(Claassen et al. 2011). 
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Claassen et al. 2011, found a similar results using transition probability data from NRI to 

determine crop insurance subsidies effect on land use. The predicted acreage in cropland that 

would have been in grassland without subsidies on crop insurance (i.e. 235,000 acres) is similar 

to my results of about 275,000 acres. Claassen’s (2011) work only looked at PPR counties within 

North and South Dakota which they referred to as highly susceptible natural habitat (at risk of 

conversion) as compared to this paper that looked at the entire US PPR. They indicated that there 

has been a substantial net movement of hay and pasture to cropland in the Northern Plains (North 

and South Dakota) but no net conversion either way during 1997- 2007 compared to other areas. 

This indicates that the effect of crop insurance subsidies on land use in North and South Dakota 

is high within 1997 to 2007 as compared to the other states in the PPR. This also indicates that 

CRP land serves as the transitional land use between cropland and grassland. More acres of CRP 

land have been in and out of cropland as compared to other categories of grassland (i.e. pasture, 

hay and range) during 1997- 2007. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

6.1 Introduction 

The objective of this study was to measure the impact of crop insurance subsidies on grassland 

conservation in the United States prairie pothole region. Chapter 1 provided the problem 

statement with chapter 2 giving some background information on the land use trend and the 

conversion rate of various land within the US. Chapter 3 discussed some literature on grassland 

conservation programs and policies and various studies on land use change. Chapter 4 used the 

theoretical framework to create land use share model where land is allocated to four different 

uses in the US PPR. Results in Chapter 5 presented evidence that subsidies on crop insurance 

have a measurable impact on CRP land within the US PPR. In this concluding chapter, results of 

this study are compared with that of previous studies and some policy implication of the results 

are discussed. Some limitations and recommendations from this study are discussed in this 

chapter. 

 

6.2 Conclusions 

The crop insurance subsidies augment the net returns to cropland hence increasing the respective 

area of cropland within a particular county. In contrast, the removal of subsidies on crop 

insurance within the PPR reduce the net returns to cropland and decrease the area of land in 

cropland potentially increasing land in CRP or grassland. Using the econometric model above to 

estimate the effect of crop insurance subsidies on CRP land acreage during the 1997 to 2007 
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study period within the US PPR, I estimate that, on average, approximately 274,000 acres of 

grassland (representing 6% of CRP land) was converted to cropland. 

The model predicted county level differences, creating an opportunity for more effective 

targeting strategies. Computed county level elasticities suggest a significant difference in land 

uses across space hence predicting significant land use changes.  The concentrated predicted 

increases in CRP land in a few counties has important implications for grassland conservation 

targeting strategies for conservation agencies and the government. Suppose a region/county is 

predicted to have the largest increase in CRP acres for a small reduction in crop net returns, 

conservation dollars should therefore target these counties in order to achieve the required 

objectives in the least costly manner. Focusing conservation activities on these key counties 

would protect more acreage than distributing conservation efforts more broadly. The effect of 

crop insurance on land use varies widely across counties within my study area.  

The results above have several implications for land use policy. In summary, the removal of crop 

insurance subsidies may not be enough to stop grassland conversion or move more cropland into 

the CRP. The model shows that without subsidies on crop insurance producers would have 

devoted, on average, approximately 274,000 acres fewer land to crop production within 1997 and 

2007. These results are comparable to work done by Claassen et al. (2011) who predicted about 

235,000 acres rise in cropland acreage as the effect of crop insurance subsidies within the 

Northern Plains. They predicted that the presence of subsidies on crop insurance, disaster 

payments and marketing loans resulted in 235,000 292,000 and 161,000 rise in cropland acres 

respectively in North and South Dakota. These acreages came from rangeland and CRP. The 

results for the percentage increase in CRP and percentage decrease in cropland which is between 

0.15 to 12% and 0.14 to 2.5% respectively can also be compared to previous research on the 
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effect of crop insurance subsidies. These results are also comparable to work done by Lubowski, 

Plantinga and Stavins (2008) who find a 2% effect on cropland as a result of farm programs.  

Results from this thesis are substantially lower than the 20% increase in cropland acreage 

estimated by Gardner, Hardie and Parks (2010). One reason for the difference is that the 

simulation in this thesis only considered crop insurance subsidies, while the Gardner, Hardie and 

Parks (2010) study included other farm programs such as marketing loans and some disaster 

payments. 

In the US PPR, within 1997 to 2007, producers are more likely to convert their CRP land to 

cropland and also retain their land in cropland than they will enroll their land in CRP as a result 

of changes in prices.  A 15% increase in crop net returns resulted in about 4.7 million increase in 

cropland acreage whiles a 15% reduction in crop net returns resulted in about 274,000 increase in 

CRP. Comparing this two results, it is evidence that landowners in the US PPR response more to 

an increase in crop prices than a decrease in crop prices. Landowners are then more likely to 

convert CRP land to cropland as crop prices increases than they will convert cropland into CRP 

as crop prices decreases as shown in figures in Appendix B. Given the high demand for corn for 

ethanol production and increased worldwide demand for agricultural products due to population 

growth and other factors, it is possible that crop prices will remain high. Yield or revenue crop 

insurance continually protects producers against drops in crop returns irrespective of whether 

prices are low or high at the beginning of a farming season. Even when crop prices are high, crop 

insurance increases expected returns and reduces risk to producers. This shows that more 

grassland and CRP land will be converted to cropland. For example, North Dakota has a higher 

grassland conversion risk as compared to South Dakota and Montana, given equivalent 

percentage increases in crop prices (shown in Figure 2).  Also, for a percentage decrease in crop 
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prices more cropland moves into the CRP in North Dakota compared to South Dakota and 

Montana (Figure 3). This suggest that land use in North Dakota is very responsive to changes in 

crop net returns (crop insurance subsidies). Crop insurance boosts crop production substantially 

in North Dakota relative to Montana and South Dakota hence the need for conservation agencies 

and government to focus more attention (target) on grassland and CRP land within North Dakota 

given recent increases in crop prices.  

Finally, this analysis suggests that preventing grassland conversion to cropland will require a 

broader approach than only the removal of crop insurance subsidies. Once they are destroyed, 

grassland and wetlands become difficult to rebuild. Alternatively, billions of dollars saved by 

governments as a result of the removal of subsidies could possibly go a long way in conserving 

more grassland within the PPR.  

 

6.3 Limitations and Recommendations 

Limitations to this study begins with the assumption made in my model. The model above 

ignored risk and assumed risk neutrality with respect to the various land uses. The marginal 

returns of land in various uses could be a function of soil quality, time, uncertainty (measures of 

risk such as yield variance), location of land (spatial attributes), and landowner characteristics. 

These complex specifications accurately describe observed land use by allowing the net returns 

to alternative uses to differ due to specific characteristics. Uncertainty (risk) and landowner 

characteristics are not captured in this model. Crop insurance from the public point of view, help 

farmers deal with risk in crop production. As subsidies on crop insurance affects expected 

returns to cropland, it also affects the risk which farmers face which is not captured in this study. 
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Producer’s willingness to pay for the risk reduction as a result of crop insurance is not explicitly 

captured. According to Goodwin and Smith (2013), “subsidizing risk leads agents to assume 

more risk” as farmers turn to increase the acreage of land allocated to crops and also change 

production practices. The difficulty of modeling yield risk at the aggregated level poses some 

constrain to my model. Further studies that reduces the assumptions to this paper by looking at 

price and yield risk using less aggregated data set will accurately capture the effect of crop 

insurance subsidies on land uses. 

The second limitation to this studies also relates to the use of the share model for estimating land 

use changes. Data on acres of land in each land use is used in estimating the share model which 

does not estimate changes in land use among alternative use if conversion cost is high. Using 

results from this estimation to determine changes in land use may not be appropriate if there is a 

large cost associated with moving land between uses. Such cost cannot be incorporated into the 

share model as changes in land use are not modeled explicitly in this framework. But if the cost 

of moving land from one use to the other is small as assumed in this work, then share model 

yields reliable estimates for land uses changes. Otherwise an alternative modeling strategy that 

explicitly model the dynamics of land use changes may be warranted.  

The estimated marginal effects and elasticities estimates are valid for relatively small percentage 

changes in the explanatory variables. This suggest that my elaticities above will only apply to 

policies with relatively small effect on the net returns and other explanatory variables. For larger 

policy effects for example on returns to cropland, expected share for each level of policy 

variation need to be recalculated. 
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APPENDIX 

Appendix A 

Table 9. Summary Statistics on land acres by State 

STATE Total Cropland 
acres(2006) 

Total grassland 
acres(2006) 

Total CRP 
acres(2006) 

Total land 
acres 

Iowa 10,298,022 556,658 385,516.7 12,600,000 

Minnesota 15,944,867 1,468,735 1,666,265 25,600,000 

Montana 4,778,716 9,751,019 2,178,854 27,800,000 

North Dakota 18,243,522 5,365,167 2,823,266 32,700,000 

South Dakota 11,554,678 6,257,034 1,122,062 22,700,000 
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Appendix B: Percentage decrease in Crop net returns effect on CRP land and Percentage 

increase in Crop net returns effect on Cropland 

Figure 6. Iowa 

 

Figure 7. Minnesota 
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Figure 8. Montana 

 

Figure 9. North Dakota  
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Figure 10: South Dakota 

 

 

 

Figure 11. PPR cropland acreage increment with respect to percentage increase in net returns to 
cropland 
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Figure 12. Potential increase in CRP land from other land use due to Crop insurance subsidy 

removal 
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