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Abstract 

Expanding solar energy production requires access to land; however, relying on productive 

farmland raises concerns about competing with food production. Identifying alternative sites, 

such as Conservation Reserve Program (CRP) lands or marginal lands, offers an alternative 

sustainable solution. Yet, little is known about how much compensation landowners require to 

lease such lands for small-scale solar installations. This study examines the determinants of 

farmers' willingness to accept (WTA) payments for solar leases on CRP or marginal lands in the 

U.S. Southern Great Plains. Using survey data and a heteroskedastic interval regression model, 

results show a mean WTA of $665 per acre per year, with significant heterogeneity across states 

and farmer characteristics. Rangeland area and livestock ownership increase WTA, while CRP 

participation lowers it. Higher pastureland rental rates also significantly reduce WTA, and state 

fixed effects indicate notably lower WTA in Colorado and New Mexico. Perceptions of 

renewable technologies and land-use intensity further shape compensation demands. These 

findings offer guidance for policymakers and solar developers in structuring lease offers tailored 

to land type, regional context, and market conditions. 
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1. Introduction 

Energy and its supporting infrastructure play a fundamental role in agricultural production and 

related industries, including irrigation systems, water access, livestock operations, processing, 

and agribusiness activities (Canning et al., 2010; FAO, 2011; Larson, 2014; Pimentel et al., 

1973). As Larson (2014) notes, food security and energy security are deeply interconnected, 

particularly in agriculturally intensive regions where food, water, and energy systems jointly 

underpin economic development. As climate variability and energy market disruptions increase, 

enhancing the resilience of energy infrastructure has become central to sustaining agricultural 

productivity (Tamasiga et al., 2025). Transitioning toward cost-effective, reliable, and 

decentralized energy sources, such as solar photovoltaic (SPV) technologies as viewed as a 

critical strategy for strengthening both energy and food systems (Jha & Tripathy, 2017). Solar 

energy systems offer multiple co-benefits beyond electricity generation. In rural areas, SPV 

installation can strengthen local energy resilience, support land conservation and sustainability, 

and reduce carbon emissions (Barron-Gafford et al., 2019; Hernandez et al., 2014; Khanna, 

2026). Emerging research on agrivoltaics further suggests that solar installations can enhance 

ecosystem services such as soil carbon retention and water use efficiency (Barron-Gafford et al., 

2019). Moreover, solar deployment can stimulate rural economic development and improve the 

resilience of the agri-food supply chain by diversifying income sources and stabilizing energy 

costs (Jha & Tripathy, 2017). However, large-scale expansion solar raises concerns about land-

use competition, particularly in productive agricultural regions where food production remains a 

priority (Adeh et al., 2019; Hernandez et al., 2014, 2015; Trainor et al., 2016). We assess the 

possibility of farmers' willingness to lease and use their marginal lands, not suitable for direct 

agricultural production, for solar installations in the U.S. Southern Great Plains. 

The development and market deployment of energy facilities are lengthy and require 

substantial investment, making it crucial for investors and companies to understand market 

conditions and the factors influencing technology development and its deployment (Nuortimo et 

al., 2024).  Several barriers impact technology commercialization or investments, including 

regulatory complexity, market uncertainty, unclear net returns, high investment costs, inadequate 

financing, and technical challenges (Nuortimo et al., 2024; Shakeel et al., 2017). Additionally, 

environmental issues, regulations, and emission trading schemes also play a role in energy 

commercialization decisions (Nuortimo et al., 2024). The acceptance of such technologies by the 



public and key stakeholders is crucial, as opposition can lead to costly delays, influence political 

decisions, regulatory frameworks, and overall market viability (Nuortimo & Härkönen, 2018; 

Wüstenhagen et al., 2007). For instance, Shakeel et al., (2017) suggest that the successful 

adoption of renewable energy technologies such as solar energy depends on several factors, 

including resource availability, geographic location, socio-economic conditions, affordability, 

public awareness, and willingness to pay. Hence, farmers' willingness to lease their lands for 

solar energy production can affect the technology deployment and net returns to investors. 

Nuortimo et al. (2024) suggest that successful local technology infrastructure implementation 

relies on community engagement tailored to the unique needs, preferences, and capacities of the 

population. Therefore, energy infrastructure development creates trade-offs based on perceived 

benefits, especially in productive agricultural regions (Tamasiga et al., 2025). 

The Southern Great Plains presents a compelling context for examining these trade-offs 

of solar expansion in agricultural systems. The region has high solar irradiance, grasslands, and 

extensive rural land availability, providing a strong potential for solar energy production in the 

U.S. (Ilhan et al., 2026; Lopez et al., 2012; Ott et al., 2021). For instance, Kansas ranks the 

fourth highest in potential for rural utility-scale photovoltaics, which complements its already 

substantial wind energy production (Lopez et al., 2012). Ilhan et al. (2026) revealed that New 

Mexico has the highest suitability potential for solar generation in the U.S. This combination of 

strong solar resources and agricultural dominance positioned the region uniquely to expand solar 

energy production while maintaining agricultural activities. However, finding potential lands 

suitable for solar installations without displacing productive agricultural lands has become a 

challenge. 

One promising solution is siting solar installations on Conservation Reserve Program 

(CRP) and other marginal lands (Milbrandt et al., 2014), where opportunity cost may be lower, 

and co-benefits environmental conservation. Marginal lands are defined as areas with natural or 

artificial limitations that make them challenging to use effectively for agricultural production 

(Milbrandt et al., 2014). They are typically underutilized, difficult to farm, and of low economic 

value, often due to natural or human-induced limitations, but they may have diverse 

developmental possibilities (Milbrandt et al., 2014). CRP lands, on the other hand, are erodible 

and sensitive lands converted into protective vegetative cover, including native grasses, trees, 



and riparian buffers to promote environmental conservation (USDA FSA, 2024). Prior studies, 

such as Milbrandt et al. (2014), suggest that marginal and conservation lands may offer 

economically viable locations for solar deployment while minimizing the displacement of prime 

agricultural lands. Despite the growing interest in this approach, limited to no empirical evidence 

exists on farmers' and landowners’ willingness to lease such lands and the minimum 

compensation required for leasing for solar energy production. Acquiring land for solar projects 

involves assessing solar potential, infrastructure access, and regulatory compliance while 

ensuring landowners, farmers, and/or community members are willing to lease the land for solar 

energy. Understanding farmers' willingness to accept solar lease payments is therefore important 

for designing market-based incentives and making informed decisions by farmers for 

agribusiness and utility developers in solar siting strategies. 

In addition, Maguire et al. (2024) indicates that from 2021 to 2020, over 70% of solar 

farms in rural areas were established on agricultural land such as cropland or pasture-rangeland, 

and 43% of rural solar farms were installed on previously cultivated cropland or 21% on pasture-

rangeland before development. Despite this trend, the total agricultural land area affected 

remains minimal compared with the amount of farmland in the U.S, approximately 424,000 acres 

in 2020, representing less than 0.05% of the 897 million acres of farmland in the U.S. (Maguire 

et al., 2024). There is also regional variation in solar distribution on farmlands, where 70% of 

solar farms were sited on cropland in the Midwest, while in the West and the Plains, pasture-

rangeland was more commonly used (51% and 60% of solar farms, respectively). Between 2012 

and 2017, agricultural land cover shifted on 26% of solar farm sites, and 15% of which exited 

agricultural use after installations (Maguire et al., 2024). However, they found that 73% of solar 

sites that were previously classified as pasture-rangeland prior to development retained their land 

cover after installation. Also, using historical trends of solar land conversion, Sorensen et al., 

(2022)  indicated that about 83% of solar of the projected 2,534,800 acres of future solar 

development is expected to be on agricultural lands (48% anticipated to be on cropland, 17% on 

pastureland, 31% on rangeland, and 3% on farm-associated woodlands). Nevertheless, the 

expansion of these projects has led to growing concerns among some rural communities 

regarding their local impacts. 



The purpose of this study is to investigate farmers' willingness to lease their marginal and 

CRP lands with an agribusiness or utility company to install solar panels for energy production 

across the Southern Great Plains of the U.S.  Specific objectives include: (i) estimating farmers' 

mean willingness to accept (WTA) a payment level per acre to sign a lease with an agribusiness 

or utility company to install and operate small-scale solar panels on their CRP or marginal land 

and (ii) determine the factors that drive WTA. Public perception and acceptance (especially by 

farmers and landowners) are crucial in achieving successful SPV implementation. Developing 

effective policies, investment decisions, and communication strategies requires insight into how 

farmers perceive renewable energy systems. The study contributes to both the literature and 

guidance for public policy and industry for consideration of leasing agricultural lands for SPV 

installations. This is one of a few studies that provides novel evidence of agricultural producers’ 

and landowners’ WTA solar leases on their land for SPV installations. 

2. Background 

Solar energy is rapidly gaining importance globally, including in the U.S., due to 

declining costs and financial incentives, with energy primarily sourced from large utility-scale 

power plant installations by private businesses (Climate Central, 2024). For instance, the global 

weighted average levelized cost of electricity (LCOE) for utility-scale solar photovoltaic (PV) 

plants dropped by 88% from 2010 to 2021, falling from USD 0.417 per kilowatt-hour 

(kWh) to USD 0.048/kWh, with a 13% drop in 2021 (IRENA, 2022). Country-level reductions 

ranged from 75% to 90% over the same period (IRENA, 2022). To meet rising electricity 

demand in the coming decades, the U.S. Energy Information Administration (EIA) predicts that a 

significant amount of new energy capacity will come from renewable energy sources like solar 

and wind (Climate Central, 2024). Solar energy sources provide electricity without emitting heat-

trapping gases, create jobs, strengthen local economies, and improve small community 

resilience. Large utility-scale solar facilities differ from small-scale installations, typically 

residential rooftop solar, solar panels on public buildings, utility poles, and/or community solar. 

Large-scale solar facilities, which can power thousands of homes and businesses, require 

significant land coverage to install.  

In 2024, solar accounted for approximately 6.8% of global electricity generation, up from 

5.6% in 2023 (Figure 1). In the United States, solar represented about 6.9% of total electricity 



generation in 2024, compared to 5.6% the previous year (Figure 1), with California leading the 

nation at about 28.2% of in-state electricity generation supplied by solar power (Ember, 2025b). 

By the end of 2023, U.S. solar capacity grew to 139 gigawatts (GW), a 23% increase from 2022, 

generating about 238,121 gigawatt-hours (GWh) in 2023, more than eight times the amount 

produced in 2014 (Climate Central, 2024). Expanding grid-scale solar power requires significant 

land, often competing with agricultural, industrial, and other uses, particularly on flat, well-

managed farmland near transmission infrastructure (Spangler et al., 2024). Solar developers 

typically seek sites within two miles of an electric substation and 1,000 feet of three-phase power 

lines to ease installation and maximize profits  (Spangler et al., 2024). This creates pressure on 

landowners to weigh trade-offs between economic, ecological, and social factors when 

considering leasing their land for solar photovoltaics and can lead to tensions in rural 

communities. Previous studies have highlighted concerns about transparency in solar leasing, 

unequal cost-benefit distribution, and resistance to changes in rural landscapes' aesthetic, 

ecological considerations, and sociocultural aspects (Stedman & Nilson, 2021). 

 
Figure 1. Share of solar electricity generation in the U.S. and World, 2010-2024. 

Data Source: Ember (2025b) and Ember (2025a) 

With electricity demand expected to increase by 15% by 2050 in the U.S., it is driving the 

expansion of solar energy to replace or supplement conventional energy sources (EIA, 2023). 
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Still, competition for land between agriculture and energy generation in rural areas is a growing 

concern that businesses face when purchasing or renting land for solar installations.  While 

previous research has focused on identifying suitable sites and farmlands for large-scale solar PV 

installation potential, there is a notable gap in exploring farmers' and landowners' willingness to 

lease marginal and CRP lands with agribusinesses and utility companies for micro-grid small-

scale solar PV facilities. Solar developers are often seeking large, flat land parcels; agricultural 

land often possesses those characteristics (FarmProgress, 2024). In return, farmers benefit from 

more stable, long-term revenue, potentially exceeding their earnings from crops (FarmProgress, 

2024). 

3. Previous literature 

3.1. Solar energy and land use 

Balancing land use for the growing demand for energy production and ecosystem 

services, and addressing land scarcity, is a pressing global challenge. Utility-scale solar energy 

facilities have diverse siting options, prompting the optimization of land use efficiency for 

energy generation and agricultural purposes while minimizing land cover change (Hernandez et 

al., 2015). Hernandez et al., (2015) indicate that land use changes from solar energy have grown 

due to potential conflicts with biodiversity goals and agricultural purposes. Hence, installing 

solar panels in already underutilized (marginal) lands such as brownfields, landfills, abandoned 

agricultural lands, and other already human-impacted lands and CRP lands, such as grasslands, 

can help minimize the potential conflict in land availability for agricultural purposes and solar 

energy production. However, installing solar panels on these lands requires the consent of the 

landowners and the amount they are willing to lease it for.  

Although solar energy development offers potential benefits for farmers and farmland by 

providing alternative economic opportunities, Goldberg, (2023) suggests it is already shaping 

rural agricultural communities, potentially intensifying trends like rising land investment and 

higher rents. Given that agricultural production is already declining in some areas in the U.S., 

such as dairy farms (Goldberg, 2023), solar energy is one of the many alternative land uses that 

may be considered on these no longer cultivated farmlands.  For instance, in the eastern U.S., 

particularly in rural areas farther from urban centers, solar projects do not necessarily replace 

farmlands that significantly impact food security (Goldberg, 2023).  



Goldberg (2023) argued that farmland remains a primary target for solar expansion due to 

its suitability for large-scale development. It offers flat, sunlit terrain ideal for solar photovoltaics 

and has already been cleared of obstacles like rocks, wetlands, and protected species. While these 

characteristics make farmland a “blank slate” for developers, solar expansion in rural areas 

remains a contentious issue that needs to be addressed (Goldberg, 2023). We argue that if 

marginal and CRP lands are also prepared to suit large-scale solar installations, it will reduce the 

contentious conflict between solar developers and farmlands and offer alternative economic 

incentives to develop these lands. Even though some U.S. counties may see substantial 

deployment of solar PV, it is projected that by 2050, only 1.1% to 2.4% of croplands and 0.3%–

0.7% of natural lands could be converted to SPV production (Diffendorfer et al., 2024). 

However, they indicate that SPV impacts on land use need a comprehensive analysis where net 

gains are considered in the assessment. 

3.2. Public and farmers' acceptance of solar energy 

Recent research has increasingly explored the social acceptance of renewable energy (Batel et 

al., 2013; Carlisle et al., 2014, 2016; Cousse, 2021; Wolsink, 2018; Wüstenhagen et al., 2007). 

Sütterlin & Siegrist (2017) and Wüstenhagen et al. (2007) identify three key levels of acceptance 

of such technologies: socio-political, community, and market acceptance. These three acceptance 

levels are interconnected and involve various stakeholders, including the public, policymakers, 

investors, and consumers, each engaged at different levels of the process (Wolsink, 2018; 

Wüstenhagen et al., 2007). For instance, difficulties in community acceptance (local acceptance) 

can impact broader public support, highlighting social acceptance as complex, dynamic, and 

multifaceted (Cousse, 2021).  

Solar energy is widely accepted among renewable energy technologies due to its positive 

socio-political perception and acceptance (Cousse, 2021; Jobin & Siegrist, 2018; Sütterlin & 

Siegrist, 2017). However, while high socio-political approval is important, it alone is not enough 

to ensure the successful implementation of energy initiatives. Studies have shown strong socio-

political acceptance of solar compared to wind energy, but local-level opposition often hinders 

project deployment (Horbaty et al., 2012). Both solar and wind power have seen significant cost 

reductions due to steep learning curves (Climate Central, 2024; IRENA, 2022), making solar 

energy the most economical option for new or supplementary electricity generation (IRENA, 



2022). Researchers, such as Firestone et al. (2018), Dwyer & Bidwell (2019), Horbaty et al. 

(2012), and Cousse (2021), suggested that local community acceptance is a key barrier to the 

successful implementation of energy projects such as SPV. This raises the question of whether 

high broad political and public acceptance effectively translates into farmers and landowners' 

approval of their lands for solar facility installations by agribusiness and utility companies. 

Studies show that the public generally supports renewable energy (Batel et al., 2013; 

Carlisle et al., 2015; Klick & Smith, 2010; Swofford & Slattery, 2010; Warren et al., 2005), 

especially in comparison to nuclear energy (Carlisle et al. 2015), and the support tends to rise 

with higher gas prices (Gallup, 2013). However, little is known about farmers and landowners' 

acceptance of these energy sources on their lands, which this study seeks to address. For 

instance, Pascaris et al. (2020) indicate that when farmers recognize the personal benefits of 

combining solar energy and agriculture, they are likely to accept agrivoltaics on their farms. 

However, barriers to agrivoltaic adoption by farmers include concerns about long-term land 

productivity, market potential, fair compensation (economic benefits), and flexible contract 

designs that adapt to their operations and evolving farming practices (Pascaris et al., 2020). 

Sauter & Watson (2007) highlight the role of institutional capacity in home/landowners' 

acceptance of micro-generation energy (solar panels and micro wind turbines), emphasizing the 

importance of regulations, support mechanisms, attitudes, and economic incentives. They 

indicated that supporters of these energy sources in the UK anticipate that these technologies will 

support a sustainable energy system by lowering carbon emissions, enhancing reliability, and 

increasing market competition by reducing energy costs. 

4.  Methods and Data 

4.1. Conceptual model 

We develop an economic conceptual framework to assess how payment offers influence 

farmers’ decisions in allocating marginal or Conservation Reserve Program (CRP) lands, 

specifically between converting land for solar energy production or leaving it idle. As explained 

earlier, marginal and CRP lands cannot be used for crop or livestock production. We assume that 

each farmer i is a profit-maximizing agent who faces a discrete choice between two mutually 

exclusive land use options: allocates land among j = 0,1 mutually exclusive land use alternatives. 

j = 1 if a farmer leases land for solar energy production, and j = 0 if a farmer leaves the land idle 



or conservation alone (e.g., CRP), including non-pecuniary benefits. Each farmer chooses j that 

offers the highest net return on profit. Let the net returns (profit) associated with land use j for 

farmer i per acre be given as 𝜋𝑖𝑗 = 𝜋𝑖𝑗(𝒑𝑖, 𝒄𝑖 , 𝒛𝑖, 𝒎𝑖). This profit includes revenues from 

production, any government payments (e.g., CRP rental rates), and land rental rates for energy, 

minus all relevant costs. The indirect land-specific usage profit functions evaluate how market 

conditions, site-specific characteristics, and management practices impact per unit profits for 

land under j usage. We assume that these indirect profits depend on a vector 𝒑𝑖 of land prices or 

payments (e.g., CRP rental rates, solar lease payments), 𝒄𝑖 is a vector of positive relevant costs 

(e.g., opportunity cost, compliance, cost of taking care of the land), a vector 𝒛𝑖 of site-specific 

variables (e.g., soil characteristics, geography, weather, proximity to infrastructure), and a vector 

𝒎𝑖 of management characteristic variables (e.g., farmer age, goals, farm size).  

Now, let the restricted dual-usage land indirect profit function for overall production for farmer i 

be expressed as:  

Π𝑖(𝒑𝑖 , 𝒄𝑖 , 𝒛𝑖, 𝒎𝑖) = max
𝑗∈{0,1}

∑ 𝜋𝑖𝑗(𝒑𝑖, 𝒄𝑖 , 𝒛𝑖, 𝒎𝑖)
𝐽

𝑗=0
+ 𝜖𝑖𝑗 (1) 

subject to: ∑ 𝑦𝑖𝑗

𝐽

𝑗=0
= 𝐿̅ (2) 

where 𝑦𝑖𝑗 is the share (fraction) of land devoted to alternative j use by farmer i, 𝒚𝑖 is a vector of 

all land usage and 𝜖𝑖𝑗 is an unobserved preference for alternative j. 𝐿̅  is the fixed amount of total 

land the farmer has.  One limitation of the conceptual model above is that it implicitly assumes 

farmers are risk-neutral decision-makers. This means the model assumes farmers base their land 

use decisions solely on expected net returns without considering the uncertainty associated with 

those returns across alternative uses. However, farmers may exhibit varying risk aversion when 

facing uncertain returns when deciding whether to convert marginal or CRP lands for solar. Due 

to a lack of behavioral data specifically related to the risk of returns under different land uses in 

our survey, to be discussed later, we are unable to account for risk attitudes explicitly in the 

current framework. 

We are interested in the land use decisions of farmer i across j alternative usages. Now 

consider a situation where each parcel or acre of marginal or CRP land has to be exclusively 

allocated to one of a finite set of possible land uses. For simplicity, we assume decisions are 



made per acre, and the total land area 𝐿̅ is made up of multiple indivisible parcels. The farmer 

chooses the single best land use alternative 𝑗 ∈ {0, 1} for each parcel based on profit 

maximization. 

Then we can simplify the optimization problem to a per-acre or per-parcel base profit 

maximization. Thus, the per-acre (per-parcel) net profit maximization from using land for 

alternative j can be expressed as: 

Π𝑖(𝒑𝑖, 𝒄𝑖 , 𝒛𝑖 , 𝒎𝑖) =  𝜋𝑖𝑗(𝒑𝑖, 𝒄𝑖 , 𝒛𝑖, 𝒎𝑖) (3) 

Since we do not assume any functional form of the profit function, the optimal profit 

maximization for the above optimization problem  for farmer i will be:  

𝑗𝑖
∗ = 𝑎𝑟𝑔 max

𝑗∈{0,1}
(𝜋𝑖𝑗(𝒑𝑖, 𝒄𝑖 , 𝒛𝑖, 𝒎𝑖) + 𝜖𝑖𝑗)     ∀𝑗 (4) 

The farmer chooses the land use option 𝑗∗ ∈ {0,1} that provides the highest net return such that 

𝜋𝑖𝑗
∗ ≥ 𝜋𝑖𝑘    for 𝑗 ≠ 𝑘.  

Now let 𝑾𝑻𝑨𝒊 be the minimum payment required for the farmer to switch from their current 

land use (e.g., idle, CRP, 𝑗 = 0) to an alternative use (e.g., solar installation, 𝑗 = 1). The farmer 

WTA is therefore expressed as: 

∆𝜋𝑖 = 𝜋𝑖1 − 𝜋𝑖0 (5) 

If ∆𝜋𝑖 ≥ 0, the farmer will be willing to lease the land for the alternative use without payment, 

and if ∆𝜋𝑖 < 0, the farmer will require some compensation (payment for leasing land) to switch. 

Considering the case of ∆𝜋𝑖 < 0, the minimum payment that would make the farmer indifferent 

between leasing the land or keeping it as status quo (e.g., idle, CRP, 𝑗 = 0) is 𝑾𝑻𝑨𝒊; implying 

that: 

𝜋𝑖1 − 𝜋𝑖0 = 𝑃𝑈 − 𝑊𝑇𝐴𝑖 (6) 

where 𝑃𝑈 is the payment offered by the utility or agribusiness company. This implies that the 

farmer accepts the offer (chooses to lease land for solar installation) if 𝑃𝑈 ≥ 𝑊𝑇𝐴𝑖. In a 

contingent valuation space (multiple-bounded discrete choice), which we employed in our survey 

for the dependent variable, we do not observe the exact WTA; we only know an interval (i.e., the 

farmer accepts or rejects at some payment levels): 𝑊𝑇𝐴𝑖 ∈ [𝝎𝒊,𝒍, 𝝎𝒊,𝒖]. 



4.2. State choice experiment 

The main goal of this study is to elicit farmers' willingness to lease CRP or marginal land 

with an agribusiness or utility company to install and operate a small solar panel installation for 

power generation in exchange for income. The contract would be approved by the USDA, Farm 

Service Agency, and the lease would be for 25 years. We employed a multiple-bounded discrete 

choice (MBDC) format with uncertain response options to elicit respondents' WTA annual lease 

payments per acre for hosting solar energy infrastructure on their CRP or marginal land. This 

method, which is frequently employed in stated preference valuation (Alberini et al., 2003; 

Vossler & McKee, 2006; Welsh & Poe, 1998), presents respondents with a series of increasing 

payment amounts and asks them to indicate their level of acceptance for each. 

The multiple bounded discrete choice (MBDC) format uniquely gathers responses across 

multiple payment levels while capturing the respondent’s payment certainty. By allowing rated 

responses like “yes” to “no” to “uncertainty” options, MBDC provides a detailed view of WTP 

or WTA, making it one of the most information-rich discrete choice valuation methods (Vossler, 

2003). In this section of the survey, respondents were presented with six hypothetical annual 

lease payment levels, ranging from $25 to $1,000. For each payment level, they were asked to 

select “yes”, “no”, “unsure” if they would be willing to sign a lease at that payment level. Each 

response option was coded numerically for analysis, with "yes" assigned a value of 1, and "no" 

and “unsure” assigned a value of 0. 

This design allows for the estimation of individual-specific bounds on WTA. For example, 

a respondent who answers “no” to $25 and “yes” to $50 reveals that their minimum acceptable 

payment likely lies between $25 and $50, and they are willing to accept any amount greater than 

$50. Conversely, someone who answers “yes” to all payment levels indicates a WTA lower than 

or equal to $25. “Unsure” responses were treated as intermediate and provided additional 

information about response uncertainty and preference heterogeneity. However, for estimation 

purposes, we recoded “unsure” as a “no” response for certainty purposes in respondents' WTA. 

 Some studies have used response formats that allow respondents to express uncertainty 

and have suggested that uncertainty can be viewed as another form of a “no answer” response, 

implicitly or explicitly (Alberini et al., 2003; C. Z. Li & Mattsson, 1995; Ready et al., 1995; 

Wang, 1997). Additionally, Welsh & Poe (1998), Ready et al. (1995) and others simplify the 



uncertainty shown in multiple-bounded choice responses by converting all answers into just 

“yes” or “no” and then using analytical methods like payment cards. Moreso, Welsh & Poe 

(1998) assume that each respondent has a single true WTP (in this case, WTA), and that all 

information about the WTA can be fully identified by the point where their responses switch 

from “no” to “yes” across the bid intervals. Alternatively, Evans et al. (2003) suggest that 

multiple-bounded responses represent respondents’ subjective probabilities of accepting various 

payment levels. To better capture this uncertainty in the data, they expand the conventional 

interval model used in payment-card formats by giving each response category a probability 

weight. 

Some advantages of the MBDC approach include: First, it reduces the challenge of 

choosing the optimal bid amount, a common problem in single- and double-bounded discrete 

choice formats, by showing each respondent the entire range of possible payments (see Alberini 

(1995) and Kanninen (1993)). Second, unlike double-bounded formats, MBDC does not surprise 

respondents with follow-up bids that depend on their previous responses. Studies found that 

follow-up questions in discrete choice formats can cause shifts in respondents’ actual WTA due 

to factors like anchoring, resentment, or other unintended influences (Alberini et al., 1997; 

Cameron & Quiggin, 1994; Herriges & Shogren, 1996; Whitehead, 2002). Vossler (2003) further 

finds that altering the choice set visible to respondents as they progress along a valuation process 

can lead to unusual decision patterns. In contrast, MBDC questionnaires are less likely to trigger 

shifts in respondents’ true WTA due to anchoring or other biases, as all payment amounts are 

visible to respondents simultaneously, allowing choices to remain stable and respondents to 

behave consistently with economic theory throughout the experiment (Vossler, 2003). 

In addition, the multiple-bounded format differs from single- and double-bounded formats 

in that it helps narrow down the interval of a person's latent WTP or WTA and can be 

implemented with simple “yes” or “no” responses for each bid (Alberini et al., 2003). Multiple-

bounded questions improve the precision of WTP (WTA) estimates by offering more bid 

intervals than single- or double-bounded formats, as shown by Welsh & Poe (1998), who found 

an over 60% reduction in confidence bounds using 13 bids (14 intervals) with the same bid 

design. Beyond better precision, multiple-bounded formats help with bid design when little prior 

information exists and reduce anchoring effects (Alberini et al., 2003). However, other design 



questions arise, such as how the bid range, spacing, number, or order (ascending vs. descending) 

of bids affect estimates, a limitation this paper did not explore. 

4.3. Survey and Data 

The data used in this analysis were obtained from a survey conducted in the summer of 

2023 across five states (KS, OK, TX, eastern CO, and eastern NM) in the Southern Great Plains. 

The survey was administered by: (1) by mail to a sample of 4000 agricultural producers and 

landowners in the study region from June to August 2023; (2) in person at county fairs 

(convenience sample) in July 2023; and (3) through Qualtrics online by email to the same 

participants who did not respond by mail in February and March 2024. We only surveyed 

producers with more than 220 acres in size to avoid surveying hobby farmers, smaller 

specialized producers, and retired operators.1 Total sample size was 4017, with 59 surveys being 

undeliverable, deceased, or fully retired. We received 450 usable surveys by mail, 17 at county 

fairs, and 77 online. This provided 544 usable responses across the study region, giving a 13.7% 

response rate (Figure 3). The survey was developed and administered using the Dillman 

approach (Dillman et al., 2014). The survey was designed to elicit farmers' experiences with 

wildfires and conservation on agricultural lands, particularly land management options, CRP, 

livestock and crop production, renewable energy attitudes, and demographic information.  

 
1 The choice of 220 acres was based on farm size categories in the 2022 Agricultural Census (USDA-NASS, 2024). 



 
Figure 2. Study area and returned observations 

For the assessment of agricultural producers’ and landowners’ willingness to lease their 

land for solar energy, the total number of usable surveys was 219. The contingent valuation 

question was placed in a section of the survey focusing on CRP lands. Producers who did not 

have CRP land often skipped this section of the survey, reducing the number of usable responses 



for this study.  Table 1 provides some comparisons between the sample of producers and 

landowners used for this study and the 2022 Agricultural Census (USDA-NASS, 2024). The 

average age of a respondent was about 6 years higher than the average age in the Agricultural 

Census, but within 1 standard deviation. Average net farm income between survey respondents 

and the Agricultural Census was relatively similar, within the same ranges. Average farm size 

was larger for our sample, about 1000 acres larger than that reported in the Agricultural Census 

for operations over 220 acres in size. Farms in our sample represent medium-to-large farm 

operations in the Southern Great Plains. 

Key explanatory variables include demographic, economic, risk perceptions, land use 

characteristics, and states hypothesized to influence farmers' acceptance of solar leases. The 

respondents in the cleaned sample are, in general, old (mean age of 66 years). Approximately 

64% of the respondents have college degrees, and about 52% of their household income comes 

from farming or ranching activity. Age was measured in years, which captures experience and 

potential risk attitudes. College education was included as an indicator of farmer exposure to 

innovation and technology, which may increase acceptance or awareness of renewable 

technologies. Household income is used to reflect the financial stability of the operation and the 

opportunity cost of land use, which may influence how farmers value their CRP or marginal 

lands and their willingness to lease these lands for additional income. 

We asked respondents if they would support the establishment of wind energy projects in 

their local area. We used that to create a binary indicator of support for wind energy, which 

reflects environmental attitudes and acceptance of renewable infrastructure around them, which 

may translate into solar acceptance on their lands. More than half of the respondents indicated 

that they support establishing wind energy projects in their local area.   

Farm-related variables include farm size (acres), indicating operational scale and flexibility 

of alternative land use; thus, the average farm size was about 3,441 acres, and pasture (rented 

acres in pasture, grassland, and rangeland), which measures the influence of using rented 

grasslands for solar. Rangeland measures the percentage of respondents' total acres in rangeland. 

CRP acres denote land enrolled in the Conservation Reserve Program over the past 10 years, 

where lower productivity lands and environmental objectives may increase farmers' willingness 

to accept installation on their land and hence reduce WTA. Approximately 97 acres were enrolled 



in CRP over the past 10 years for each farm. Livestock head is the average number of livestock 

on the farm over the past three years, which measures agricultural intensity, as larger herds is 

expected to constrain land availability and raise compensation expectations. Thus, on average, 

farmers had 408 livestock heads on their operation. Respondents have an average net farm 

income (NFI) of about $100,456.62, which is hypothesized to capture farms financial resilience 

and the potential of diversifying into other uses.  

The risk factor variable was constructed using a series of survey questions (see Figure A1) 

that capture producers` uncertainty in farm decision making, tolerance of production and 

financial risks (e.g., wildfire, winds, pests, and market volatility in returns), and openness to 

adopting new technologies. A factor analysis was conducted to group these items into a single 

underlying index of risk preference. The resulting index is scaled such that lower values indicate 

greater risk aversion and higher values indicate a higher willingness to take risks. This measure 

reflects the farmer's perception of financial, production, and technological risk associated with 

solar leasing. Since solar leasing involves long-term contractual and land management 

commitments (in this case, 25 years), risk-averse farmers are expected to require higher 

compensation, whereas risk-tolerant farmers may accept lower payments (i.e., a negative 

coefficient is expected).  

The survey was supplemented with secondary data. Secondary variables, such as CRP and 

pastureland rates, were obtained from USDA-NASS to represent county-level land market 

conditions. PV distance, distance to the nearest PV installation (in miles), was calculated using 

GIS data of U.S. solar PV installations obtained from (Fujita et al., 2025) and our respondents' 

addresses. For instance, shorter PV distances may increase exposure to neighbor-related solar 

installation effects, as Rai et al. (2016) found that among respondents with nearby solar 

neighbors, 16% were inspired by seeing their neighbor’s system and 15% by talking to them. 

Thus, PV distance serves as a spatial proxy for familiarity with renewable technology 

infrastructure as well as exposure to peer effects, capturing how physical proximity to existing 

solar adopters may trigger the interest to lease their land. Finally, state fixed effects were 

included to control for unobserved heterogeneity across the study area in terms of policy and 

other market conditions. 

 



Table 1. Summary statistics and description of the explanatory covariates (N=219) 
Variable   Description Mean SD 

Age Age of the farmer or rancher (in years). 66.16 12.035 

College  =1 if the farmer has a college degree, 0 otherwise 0.639 0.481 

Household income  Percentage of household income from farming or 

ranching operation(s). 

51.637 35.317 

Support wind energy =1 if a farmer or rancher supports establishing wind 

energy projects in their local area, 0 otherwise 

0.511 0.501 

Farm size Total acres of operation (both rent and own). 3441.361 6758.243 

Pasture Total rented acres in pasture, grassland, and rangeland. 31.648 36.781 

Rangeland Percent of total acres in rangeland. 0.441 0.378 

CRP acres Average number of acres enrolled in CRP per year over 

the last 10 years. 

96.517 190.458 

Livestock head Average number of livestock on the operation over the 

past 3 years. 

408.297 1499.633 

NFI Average net farm income 100456.62 123383.2 

CRP ratea Average CRP rate per acre per year at the county level 

in 2023 

$43.063 $23.716 

Pastureland ratea Average pastureland rate per acre per year at the county 

level in 2023 

$17.335 $8.559 

Risk factor A factor score of different risk criteria 0.307 0.323 

PV distanceb Distance from the farmer's address to the nearest PV 

installation in miles 

0.558 0.373 

Texas (TX) =1 if the farm operation is in Texas State 0.128 0.335 

Oklahoma (OK) =1 if the farm operation is in Oklahoma State 0.164 0.371 

Colorado (CO) =1 if the farm operation is in Colorado State 0.064 0.245 

Kansas (KS) =1 if the farm operation is in Kansas State 0.562 0.497 

New Mexico (NM) =1 if the farm operation is in New Mexico State 0.082 0.275 

Notes: secondary data sources: 
a https://quickstats.nass.usda.gov/ 
bhttps://energy.usgs.gov/uspvdb/data/ 
 

4.4. Empirical model 

The data from this CECV produces a continuous, lower-censored, upper-censored, or 

interval-censored willingness to accept (WTA) signals. Interval censoring occurs when the exact 

value of a response is unknown but falls within a specific range. In standard notation for interval 

censoring, each subject has a true but likely unobserved event 𝒕𝒊. Instead of observing 𝒕𝒊  

directly, we observe an interval (𝒍𝒊, 𝒖𝒊], showing that the event occurred within this range, which 

assumes a half-open, half-closed interval by default behavior (i.e., 𝒕𝒊 ∈ (𝒍𝒊, 𝒖𝒊]) (Anderson-

Bergman, 2024). A key exception is when (𝒕𝒊, 𝒕𝒊] appears, which signifies an uncensored event i 

occurring precisely at 𝒕𝒊, despite the interval being technically undefined. This then allows for 

different types of censoring: uncensored observations (𝒍𝒊 = 𝒖𝒊), upper-censored observations 

(𝒖𝒊 = ∞), lower-censored observations (𝒍𝒊 = 𝟎), and interval censored (𝟎 < 𝒍𝒊 < 𝒖𝒊 < ∞). Since 

https://quickstats.nass.usda.gov/
https://energy.usgs.gov/uspvdb/data/


our data contains L and U, representing the response interval's lower and upper boundaries, we 

can use the survival interval regression method. 

Nonparametric methods avoid distributional assumptions and allow for interval censoring 

but do not conclusively determine differences or confirm similarity in welfare estimates, such as 

mean and median WTA, given that each distribution is censored to a varying degree depending 

on the elicitation format (Vossler & Holladay, 2018). In such cases, the solution does not have a 

closed form. Hence, to enable efficient estimations, we employ a parametric method. To do this, 

the maximum likelihood estimator we used builds upon earlier approaches by Cameron & James 

(1987), Cameron & Huppert (1989), and Vossler & Holladay (2018) that integrates a unified 

method to analyze data from different CV elicitation formats and test treatment effects. It also 

allows for the inclusion of individual responses with zero WTA. 

Let 𝑾𝑻𝑨𝒊 represent respondent 𝒊′𝒔 willingness to accept the proposal to lease the land. 

𝑾𝑻𝑨𝒊 is treated as an interval-censored dependent variable since the exact amount of the 

observation is not directly observed except for a part of respondent values. In an elicitation, the 

observed response falls within an interval 𝝎𝒊,𝒍 ≤ 𝑾𝑻𝑨𝒊 < 𝝎𝒊,𝒖,  where 𝝎𝒊,𝒍 is the least high 

amount the respondent is willing to accept (i.e., votes yes to), and 𝝎𝒊,𝒖 is the next highest 

amount. If a respondent accepts the lowest amount, then 𝝎𝒊,𝒍 = −∞ (however, with our 

elicitation method where respondents are to accept a fee, it makes logical sense that 𝝎𝒊,𝒍 = 𝟎); 

conversely, if they reject the highest amount, then 𝝎𝒊,𝒖 = ∞.  

Now, suppose WTA or some transformation of WTA,  f(WTA), is a linear function of 

covariates 𝑋 and a random error term 𝜀 such that 𝑓(𝑾𝑻𝑨)𝒊 = 𝒙𝒊
′𝜷 + 𝜺𝒊 where 𝒙𝒊 is a vector of 

explanatory variables, 𝜷 is a column vector of unknown parameters to be estimated and 𝜺𝒊 is an 

error term that follows a normal distribution with mean zero and standard deviation 𝝈𝟐. Although 

WTA cannot be directly observed from discrete choice responses, using multiple bid amounts 

and assuming a form of F(𝜀) for the 𝜀 allows direct estimation of 𝜷 through a maximum 

likelihood (Vossler, 2003). where F(𝜀) is a cumulative distribution function. With this assumption 

about the error term, the interpretation of the estimated parameters will follow a standard linear 

regression model where 𝑾𝑻𝑨𝒊 treated as a directly observed (i.e., uncensored) dependent 

variable (Vossler & Holladay, 2018). However, it allows us to standardize each pair of interval 



thresholds, ensuring that the model can be estimated in a censored manner. The joint probability 

density function for the data, 𝑓(𝑊𝑇𝐴|𝜔, 𝑥, 𝛽, 𝜎), can then be reinterpreted as a likelihood 

function, expressed as  

𝐿(𝛽, 𝜎) = ∏ 𝑓(𝑊𝑇𝐴𝑖|𝜔𝑖, 𝑥𝑖, 𝛽, 𝜎)
𝑛

𝑖
(7) 

Taking the log of the likelihood function to get the log-likelihood: 

ln 𝐿 = ∑ {ln [
1

𝜎
𝜙 (

𝑊𝑇𝐴𝑖 − 𝑥𝑖𝛽

𝜎𝑖
)] +ln [Φ (

𝜔𝑖,𝑢 − 𝑥𝑖𝛽

𝜎𝑖
) − Φ (

𝜔𝑖,𝑙 − 𝑥𝑖𝛽

𝜎𝑖
)]

𝑛

𝑖=1

+ ln [Φ (
𝜔𝑖,𝑢 − 𝑥𝑖𝛽

𝜎𝑖
)]

+ ln [(1 − Φ) (
𝜔𝑖,𝑙 − 𝑥𝑖𝛽

𝜎𝑖
)]}                                                (8) 

 

where 𝚽 and 𝝓 is the standard normal distribution CDF and PDF, respectively. The first term 

corresponds to when we have point data (uncensored responses) where 𝝎𝒊,𝒍 = 𝑾𝑻𝑨𝒊 = 𝝎𝒊,𝒖. 

The second term is the log-likelihood for an interval-censored regression, the third corresponds 

to the left-censored log-likelihood, and the fourth is the right-censored log-likelihood. The 

interval regression command fits a linear model where the outcome variable may be exactly 

observed, fall within an interval, or be censored from either the left or right. This makes it a more 

flexible and comprehensive tool compared to the Tobit model, which only accommodates left 

and right censoring scenarios. The model is then estimated using the maximum likelihood 

estimator (MLE).  

Studies like Haab et al. (1999) and Vossler & Holladay (2018) emphasize the need to 

account for varying error variances when examining preference data across experimental 

hypothetical responses. To accommodate the potential differences in error variances between 

responses, we specified a heteroskedastic model (variance not constant across observations), 

where 𝜎 is modeled as ln(𝜎) = 𝑧𝑖
′𝛾, where 𝑧 is the variables in the heteroskedastic function and 

𝛾 is a vector of the model estimated parameters for modeling the variance.  The model parameter 

estimates are the same as the marginal effects since the intervals are linear and continuous. 



5. Results and discussion 

The data was analyzed using an interval regression model that parallels those typically applied in multiple 

dichotomous choice data. The model parameters were used to estimate the 𝑾𝑻𝑨 by using the 

prediction method and its associated standard error and confidence interval using Bootstrap. The 

coefficients are interpreted similarly to a standard ordinary least squares (OLS) regression since 

the conditional mean modeled in an interval regression model is linear. They reflect the marginal 

effect of an independent variable on the latent WTA. For robustness checks, we estimated both a 

homoskedastic and heteroskedastic interval regression model. A likelihood ratio test (p < 0.001) 

indicates the heteroskedastic model is a better fit and has a lower AIC, although the BIC slightly 

favors the more straightforward homoskedastic specification.  We maintain the heteroskedastic 

model as the recommended specification in light of the robust LR test result and enhanced AIC. 

The study employs a heteroskedastic interval regression model to estimate the mean 

WTA and the factors influencing farmers' willingness to accept payments for leasing CRP and 

marginal lands for solar installations. The model accounts for the heterogeneity in variance 

across observations by modeling the standard deviation (through the “lnsigma” function) as a 

function of the estimated covariates. The results show significant variation in WTA distribution 

across demographic, economic, land-use, and geographic factors.  

The coefficient estimate and the mean WTA are presented in Table 2. The results are 

interpreted in terms of dollar amounts. We incorporate demographic and state fixed-effects 

variables in Model 8, which may account for individual-level variation in willingness to accept 

and help control for potential sampling-related differences. The second column in Table 2 

presents the variance estimates of the model, which indicate how WTA differs across 

respondents. We estimated the mean willingness to accept using the prediction command in 

STATA and used the bootstrap method to estimate the associated standard error and significance 

level2. The mean WTA is $665.55 (p < 0.01) per acre per year (Table 2), suggesting that the 

average compensation farmers will require to lease their CRP and/or marginal lands for solar 

production.  This finding is a little lower compared to lease rates offered by solar companies for 

crop or pasture lands, which range from $800 to $1200 in most states in the U.S. For instance, 

 
2 The bootstrap used 1141 simulations to estimate the asymptotic standard errors of the mean predicted 
willingness to accept. 



Sorensen et al. (2022) found that solar companies offer a $800 to $1200 lease rate per acre for 

Maryland landowners or farmers to install solar on their productive lands, while they are only 

offered $26 to $175 per acre for their crop or pasture lands. This indicates that if solar or 

agribusiness companies outbid farmers for CRP or marginal lands, it can motivate farmers to 

lease these lands, reduce the number of farmlands for solar, and impact rental rates for farmlands 

(Grout et al., 2021).  

While Farmer characteristics such as college, household income from farming, are not 

statistically significant, age and farmer support for wind energy in their locality are statistically 

significant. Farm characteristics, including rangeland acres, CRP acres, farm head, and farm 

head, were statistically significant, while farm size, pastureland, CRP rate, and distance to PV 

installations had no statistically significant effects, indicating mixed effects on WTA to lease 

their land. Some state fixed effects had a significant effect relative to Texas. Next, we interpreted 

and discussed the statistically significant variables influencing farmers' willingness to lease CRP 

and marginal lands.  

  



Table 2. Model estimates of predictors of willingness to accept solar lease payments 

(heteroskedastic model) 

Mean WTA $665.553***   

 ($89.460)   

    

Variable Coefficient (WTA)  lnsigma 

Age  10.017***  0.003 

 (3.024)  (0.007) 

College  130.944  -0.069 

 (116.856)  (0.257) 

Household income 1.554  0.002 

 (1.499)  (0.003) 

Support wind energy -224.254*  -0.377 

 (131.123)  (0.231) 

Farm size -0.000  -0.000* 

 (0.004)  (0.000) 

Pasture  0.596  0.002 

 (1.311)  (0.002) 

Rangeland  437.883***  0.447* 

 (81.780)  (0.233) 

CRP acres -0.534***  -0.002*** 

 (0.110)  (0.000) 

Livestock head  0.032***  0.000 

 (0.011)  (0.000) 

Net farm income -0.001*  0.000 

 (0.000)  (0.000) 

CRP rate 7.277  -0.001 

 (5.030)  (0.005) 

Pastureland rate -21.887**  -0.002 

 (10.720)  (0.023) 

Risk factor -245.851*  -0.294 

 (142.459)  (0.389) 

PV distance 223.544  -0.057 

 (151.545)  (0.230) 

State fixed effects (Texas referenced category)    

Oklahoma  -127.527  -0.393 

 (329.810)  (0.313) 

Colorado  -466.955*  -0.868** 

 (249.137)  (0.415) 

Kansas  -133.873  -0.166 

 (202.623)  (0.318) 

New Mexico  -428.433**  -0.267 

 (208.562)  (0.385) 

Constant 51.598  6.695*** 

 (472.053)  (0.698) 

Observations 219  219 

Log pseudolikelihood -417.508   

Chi2  5557.05   



Right censored 71   

Interval-censored 148   

Notes: Robust standard errors in parentheses. ***, **, * indicate the 1%, 5%, and 10% significance level, 

respectively. State ***, **, * indicate that the mean importance of the State is statistically different from Texas at 

the 1%, 5%, and 10% significance levels, respectively. Uncensored and left-censored both have zero observations. 

 

Age had a positive and statistically significant influence on WTA lease payments. These 

results reveal that the older farmers are, the higher the payments required to lease their CRP 

and/or marginal lands. Thus, a 1-unit increase in age will require a $10 increase in the per-acre 

payment amount for farmers to lease their CRP and/or marginal lands. This is consistent with the 

work of Spangler et al. (2024), which shows that older farmers are less likely to risk using their 

property for solar energy because they view it as an intergenerational legacy for succession 

rather than just a source of income; therefore, they will demand high compensation. For instance, 

they emphasize that farmers who have children or grandchildren actively involved in the farm 

operation are generally less willing to lease all their land for solar, aiming to preserve it for 

future farming. Those without immediate heirs may utilize solar leases to secure income while 

maintaining long-term heritage options. The higher WTA as age increases may be driven by their 

great preference for predictability and land protection. Willis et al. (2011) found that older 

households are generally less willing to adopt renewable energy technologies, hence it will take 

high compensation to convince older farmers to lease their lands. These results, however, differ 

from Li et al. (2021) findings in China, which found that older farmers show less willingness to 

adopt PV agriculture, though age does not affect actual adoption or consistency. This reflects the 

greater opportunity for older farmers retiring to lease out their land for other purposes (such as 

solar production) to generate extra income. 

Support for wind energy has a negative and statistically significant influence on farmers' 

WTA payments to lease their CRP or marginal lands for solar energy production. Farmers who 

support the establishment of wind energy in their local area require about $224.25 less than 

farmers who do not support wind energy installations in their local areas, suggesting that positive 

attitudes towards renewables generalize across technologies. 

Rangeland has a significant positive influence and shows higher variation on farmers' 

WTA payments for solar leasing. Thus, for any percent increase in rangeland, farmers with a high 

percentage of total acres in rangeland require about $438 more to lease their CRP or marginal 



lands for solar production. Rangelands are characterized by a diverse array of grasses and shrubs, 

including those found in grasslands, deserts, and tundras, which support a rich and diverse plant 

and animal life. A possible explanation for the increase in WTA for rangeland could be related to 

offering economic and ecological benefits, including livestock production, tourism, recreational 

uses, energy production, clean water and air, as well as intangible aspects such as historical, 

cultural, aesthetic, and spiritual values (USDA NRCS, 2025). Farmers may require high 

compensation for rangeland because it is already being used for solar farms and is considered 

one of the most suitable types of land for solar farming. Alternatively, they may do so to deter 

solar companies from occupying those lands in order to protect their cultural, aesthetic, and 

recreational uses. For instance, Stedman & Nilson (2021) indicate that there is high resistance to 

changes in rural landscapes' aesthetic, ecological, and sociocultural aspects of lands. Adeh et al. 

(2019) found that croplands, grasslands, and wetlands are the top three land cover types with the 

highest potential for solar PV power production. Also, Sawyer et al. (2022) revealed that habitat 

within utility-scale solar energy sites is entirely lost due to security fencing that blocks access for 

large mammals. They found in Wyoming that the first utility-scale solar site disrupted critical 

pronghorn range, affecting both resident and migratory herds. These reasons may increase the 

value of these lands for solar production, thereby making farmers demand high payments for 

these lands. 

An increase in enrollment of CRP by an acre lowers farmers' willingness to accept 

payments by $0.53 and lessens the variation among respondents. CRP lands are usually 

subsidized and less productive, making solar leasing a great alternative for owners. The average 

rental rate for CRP enrollment per acre from our survey area is approximately $43, while the 

mean WTA is $655.6, indicating that even if farmers accept a lower WTA of $655.07 ($655.6 - 

$0.53), they are still better off. Also, since farmers will receive both CRP rental cash and solar 

rents, the more they enroll their farmland in CRP, the lesser the solar rental rate will matter to 

them. 

Livestock head (average number of livestock on the operation over the past 3 years) has a 

small but positive statistically significant coefficient (0.032), indicating that each additional unit 

of livestock head increases farmers' WTA by approximately $0.03. This result suggests that 

larger livestock holdings increase the perceived opportunity cost of leasing property, especially 



grazing lands, which raises compensation demands modestly higher. The insignificant variance 

(lnsigma coefficient) indicates that livestock operations consistently value land leasing 

homogenously, regardless of herd size or State of operations. These findings align with evidence 

that livestock producers, who drive significant value from grazing, expect more equitable 

compensation when leasing land for solar development. Furthermore, literature on agrivoltaics 

supports the notion that solar farms integrated with grazing provide mutual benefits that 

livestock owners may use as leverage in lease negotiations (Dohlman et al., 2024; Sturchio et al., 

2024; Sturchio & Knapp, 2025). For instance, Zeddies et al. (2025) found that landscapes where 

agrivoltaics are installed are perceived to be negatively impacted, even though less than open 

space solar systems, which may drive a high demand for compensation. In addition, Schoeck 

(2024) indicates that while agrivoltaics offer benefits like shade, better forage, and stable 

income, their broader ecological impacts remain uncertain. And Schoeck (2024) also indicates 

that studies revealed that semi-arid grasslands maintained most productivity despite 38% less 

light and photosynthesis by 6%. All these uncertainties may be the reason driving higher 

livestock head to require high compensation. 

Higher net farm income leads to marginally lower WTA by about $0.001. Thus, profitable 

farmers may prioritize maintaining their CRP and/or marginal lands for solar lease income. The 

results also suggest that financially secure farmers are less motivated to lease land, consistent 

with findings in adoption literature (Gazheli & Di Corato, 2013; Moore et al., 2022; Spangler et 

al., 2024), suggesting that when internal capital is sufficient, lease valuations are likely to be 

downward. Also, some farmers see solar installation as a source of income diversification; 

therefore will be willing to accept lower payments than the mean WTA to diversify their income 

sources. Higher pastureland rental rates correlate with a $21.89 decrease in WTA. This reflects 

an opportunity cost parity where farmers see solar leasing yields higher returns than pastureland 

rental rates (leasing for grazing). Livestock farmers are more likely to adopt solar and wind 

energy (Borchers et al., 2014), suggesting that pasture landowners are flexible about solar 

leasing, lowering compensation prices.  

Perceiving higher risks leads to a lower WTA by approximately $245.85. Farmers who 

perceive higher risk require less payment to lease their marginal and/or CRP lands, perhaps due 

to the fact that farmers perceive leasing their land for solar gives them stable income since these 



are long-term contracts as compared to CRP rates or other purposes of these lands.  It appears 

risk-loving farmers may embrace solar as a diversified income, supported by literature 

suggesting entrepreneurial traits (risk tolerance) link to quicker renewable adoption. This finding 

aligns with literature showing that risk attitudes strongly shape adoption of new agricultural 

technologies and land-use decisions, especially when the technology is not commonly practiced 

(Osman & Bergtold, 2025). Thus, risk-averse farmers are less likely to adopt unfamiliar 

technologies, while risk-tolerant farmers are more likely to engage in uncertain investment 

technologies on the farm. This result suggests that solar developers may have to offer high 

payments when dealing with risk-averse farmers. Farmers in CO and NM require less 

compensation than those in Texas, approximately $466.96 and $428.43, respectively. 

Distribution of willingness to accept solar lease payments 

We further estimated the distribution of predicted farmers' willingness to accept solar 

lease payments for all respondents and by state. The results are presented in Figures 1 and 2, 

respectively. The distribution is moderately right-skewed, with most farmers clustered around the 

mean WTA lease payment level and a smaller group requiring higher compensation. This pattern 

suggests that while many landowners may be open to solar leasing at the mean WTA lease rate, a 

few farmers place a high premium on land conversion to solar installation, likely reflecting 

opportunity costs, strong attachment to current land use (e.g., CRP), or they associate solar 

development with high risk-taking. 

We found regional differences when examined by state (Figure 3). Some states, such as 

Colorado, show tighter, more peaked distributions centered below the overall mean, indicating 

relatively homogeneous compensation expectations. Other states (e.g., Texas, New Mexico) 

exhibit flatter or more right-shifted densities, suggesting higher mean WTA and greater variation 

in valuation. Notably, states with lower predicted mean WTA from the regression model also 

show distributions centered at lower payment levels, while states with higher estimated mean 

compensation requirements display higher payment levels above the mean, reinforcing the 

consistency of our findings between the graphical and econometric results. 

The distribution patterns reinforce the econometric findings of significant heterogeneity 

across states and landowner characteristics, highlighting the importance of incorporating 

heterogeneity into our model. The results indicate that compensation expectations are not 



uniform across the Southern Great Plains, suggesting uniform lease offers may be ineffective. 

Thus, offering CRP or marginal lands leasing strategies should be aligned with local market and 

land use conditions. 

 

Figure 2. Distribution of Predicted Willingness to Accept 

 



Figure 3. Predicted Willingness to Accept by State. 

6. Conclusion and implications 

Producing solar on CRP or marginal lands will require farmers or landowners' 

willingness to lease these lands to utility companies in return for compensation in terms of 

payment to convert the lands from their original purpose to solar installation. This study 

examined the determinants of farmers' willingness to accept (WTA) lease payments for small 

solar panel installation on CRP or marginal lands in the U.S. Southern Great Plains, using a 

heteroskedastic interval regression model to account for variations in the error variance across 

respondents. The findings reveal that demographic factors, farm characteristics, attitudes toward 

renewable energy, and state of operation significantly influence farmers' WTA. The mean 

estimated WTA was $665.55/acre/year, with substantial variation across states and farm use 

types. 



Demographic and farm characteristics were important predictors. Older farmers require 

higher lease payments, which is consistent with literature indicating that age is linked with 

increased risk aversion and a stronger desire for long-term contractual agreement security. Due to 

the high opportunity costs of other grazing uses, rangeland ownership significantly increases 

WTA. Higher livestock holdings is positively associated with WTA, suggesting that for farmers 

to give up their livestock or grazing land for solar requires high compensation to lease their CRP 

or marginal lands. Participation in the CRP, on the other hand, decreased WTA, potentially due to 

farmers already getting steady conservation-related payments, making them more willing to 

accept PV leasing at lower rates. Similarly, WTA was considerably lowered by support for wind 

energy, suggesting that favorable sentiments toward renewable energy sources could result in 

more receptiveness to solar leasing on CRP or marginal lands. State-level differences were also 

evident, with farmers in Colorado and New Mexico demanding significantly higher 

compensation than Texas farmers, indicating that state energy policies and local market 

conditions affect leasing expectations. 

From a policy perspective, the results emphasize the importance of tailoring PV or small 

solar installation leasing offers to specific farmer profiles and farm characteristics. Utilities and 

solar developers should recognize that landowners with high-value agricultural uses, such as 

rangelands, greater reliance on livestock, or higher perceived risks, will require higher payments. 

Conversely, outreach to farmers who are already supportive of renewable energy, or who have 

higher enrollment in conservation programs such as CRP and pastureland, could result in more 

affordable leasing options. Policymakers can also use these findings to create educational 

initiatives and incentives that would help address the perceived risks of giving away lands for 

solar production and also demonstrate how small solar projects can be integrated with current 

agricultural uses, such as agrivoltaics, CRP lands, and marginal lands. For farmers or 

landowners, the findings provide benchmarks for negotiating PV or small solar leases and show 

how land usage, attitudes, and economic conditions influence the value of their lands (CRP and 

marginal lands) in solar development markets. Finally, the results reveal that the success of solar 

expansion on agricultural or other lands hinges not solely on technical feasibility but also on 

aligning marginal land use trade-offs, matching economic incentives with farmer priorities, and 

building trust through fair compensation structures. 
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8. Appendix 

Survey question for risk factor variable.  

Please consider the following statements. Indicate how you agree with each of the statements listed. 

1 – Strongly Disagree     2 – Disagree     3 – Neither Agree or Disagree     4 – Agree      5 – Strongly Agree 

a. In managing my operation, I prefer certainty to uncertainty……….2087 1         2        3        4         5 

b. I am willing to accept the risks of agricultural production, including 

wildfire, winds, hail, pests, drought, loss, liability, etc…………….2088 
1         2        3        4         5 

c. I am willing to take higher financial risks in order to realize higher 

than average returns………………………………………………..2089  
1         2        3        4         5 

d. I am reluctant to adopt new ways of doing things until I see them 

working for others………………………………………………….2090  
1         2        3        4         5 

e. I am more concerned about large losses on my agricultural operation 

than about missing a substantial gain………………………………2091 
1         2        3        4         5 

 

Figure A1. Survey questions for the risk factor variable. 

 

 

 

 

 


