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Abstract

A growing literature documents a relationship between renewable energy development 
and local economic outcomes. Yet, important gaps remain in understanding how these 
effects manifest in rural economies, across technologies, and within specific sectors.  
Using county-level data on U.S. energy installations between 2001-2023, we examine 
how renewable energy adoption shapes sector-specific economic activity, focusing on 
GDP, employment, and wages in rural counties.  We extend prior work in three ways. 
First, we focus explicitly on rural outcomes, where utility-scale renewable development 
is concentrated but where economic structures may limit local benefits. Second, we 
incorporate solar adoption alongside wind, enabling a comparison of technology-specific 
impacts.  Third, we move beyond aggregate measures to conduct a sectoral analysis, 
identifying how effects vary across industries. Wind development is associated with 
significant GDP gains concentrated in the utilities sector, while solar development is 
associated with modest wage and employment gains driven largely by utilities and 
construction. For very large utility-scale solar (e.g. 5MW or 20MW) agriculture, 
construction, and utility GDP increase with solar adoption. Neither technology is 
associated with detectable declines in agricultural GDP, employment, or wages, 
providing little evidence of substantial disruption to agricultural production or related 
labor markets. These findings provide a more nuanced understanding of the local 
economic consequences of the energy transition and highlight the importance of 
technology type and sectoral composition in shaping rural development outcomes.
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construction, and utility GDP increase with solar adoption. Neither technology is 
associated with detectable declines in agricultural GDP, employment, or wages, 
providing little evidence of substantial disruption to agricultural production or related 
labor markets. These findings provide a more nuanced understanding of the local 
economic consequences of the energy transition and highlight the importance of 
technology type and sectoral composition in shaping rural development outcomes.

Keywords: Wind energy; solar energy; economic development; rural development; difference-in-
differences; renewable energy; agriculture

JEL Codes: Q42; R11; Q56

Conflict of Interest Statement: The authors have no other financial or proprietary interests in any 
material discussed in this article.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=7320534

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



2

1. Introduction

The infrastructure demands of the energy transition are largely borne by rural communities. 

Technoeconomic factors, such as resource quality and access to open undeveloped spaces, are 

the main drivers of wind and solar siting in the U.S. (O’Shaughnessy et al. 2022).  Fossil fuel 

power plant siting occurs largely in an urban fringe and suburban context, while solar and wind 

projects are located largely in rural areas. In the Midwest, most utility-scale solar (70%) and 

wind farms (94%) are situated on cropland, and in the West, 60% and 69% of solar and wind 

farms, respectively, are located on pasture or rangeland (Maguire et al. 2024).  

This study investigates the economic impacts of utility-scale wind and solar 

developments in rural U.S. counties. Using a difference-in-differences framework and county-

level data on renewable energy installations, GDP, employment, and wages, we estimate the 

effects of renewable energy development on local economies at both the aggregate and sectoral 

levels. We focus on rural counties and this approach allows us to compare the local economic 

consequences of wind and solar development across communities that are most likely to host 

utility-scale renewable energy projects.1

 We contribute to the literature in three important ways. First, we focus specifically on 

rural counties, where renewable energy development is often promoted as an economic 

development strategy, but where empirical evidence on its local economic effects remains 

limited.  This focus is important because rural counties host many utility-scale projects and often 

face slower economic growth, population decline, and limited opportunities for economic 

1 Rural is defined by the USDA Rural-Urban Classification Codes (RUCC > 3). In a supplemental 
analysis, we examine county rurality based on agricultural production, defining rural counties as those in 
which agricultural GDP accounts for more than 10% of total GDP. Results are available in the online 
Supplemental S1.
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findings inform siting debates by distinguishing technology-specific economic effects from 

generalized claims about renewable energy development.

The remainder of the paper proceeds as follows. Section 2 reviews the drivers of utility-scale 

wind and solar development and the mechanisms through which renewable energy investments 

may affect local economic outcomes, including potential trade-offs with agricultural land use. 

Section 3 describes the data and empirical strategy, including county-level renewable energy, 

GDP, employment, and wage data and the staggered-adoption difference-in-differences (DiD) 

framework. Section 4 presents descriptive trends in renewable energy deployment and economic 

activity across rural U.S. counties. Section 5 reports the main results from the Callaway and 

Sant’Anna estimator, including sector-specific effects.  Section 6 discusses the implications of 

the findings for rural economic development and renewable energy policy and concludes.

2. Background on Utility-Scale Renewable Developments 

Local expectations about economic benefits are central to community support and siting 

decisions (Carley et al. 2020; Slattery et al. 2012). These expectations are especially salient 

where projects intersect with agricultural land use. With any new infrastructure, local 

governments and residents often anticipate new jobs, increased tax revenues, lease payments to 

landowners, and broader economic development, particularly in rural communities facing 

population decline or limited economic opportunities. Whether these expected benefits 

materialize has important implications for public decision-making because perceptions of local 

economic gains can influence zoning decisions, permitting outcomes, and long-term community 

support for renewable energy development. However, actual economic outcomes depend not 

only on the projects themselves but also on where projects are located and the characteristics of 

host communities.
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2.1 Project Siting and Local Economic Context

The location of utility-scale wind and solar projects is determined by a combination of physical, 

institutional, and social factors. Resource quality, transmission access, population density, and 

state and federal policies all influence project siting decisions (Schumacher and Yang 2018). 

Counties with more landowners tend to have lower levels of wind development (Winikoff and 

Parker 2023), while local ordinances and zoning regulations can either facilitate or constrain 

renewable energy development (Lerner 2021). At the farm level, adoption of renewable energy 

systems is more common among livestock operations, larger farms, operators with internet 

access, and organic producers (Borchers, Xiarchos, and Beckman 2014), suggesting that 

renewable development may be correlated with underlying agricultural and socioeconomic 

characteristics. 

Community acceptance and local permitting processes further shape renewable energy 

development. Public support is influenced by perceptions of visual impacts, economic benefits, 

trust in developers and regulators, and the degree of public participation in the siting process 

(Carley et al. 2020; Firestone et al. 2017; Roddis et al. 2018). Opposition is often greater in areas 

with strong amenity values and preservation-oriented land use preferences (Bessette and Mills 

2021; Giordono et al. 2018). Recent work suggests that permitting outcomes are often driven as 

much by local implementation, stakeholder engagement, and community opposition as by the 

specific language of ordinances themselves (O'Shaughnessy, Nilson, and Rand 2025). Local 

regulatory decisions may also have broader economic implications; Hicks et al. (2026) find that 

counties adopting wind and solar restrictions experienced lower manufacturing-related GDP and 

employment growth.  
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These factors imply that renewable energy projects are not randomly located. Counties 

that adopt wind or solar development differ systematically from those that do not in ways that 

may also influence economic outcomes. For example, counties with strong wind resources, 

available transmission infrastructure, supportive regulatory environments, or large amounts of 

agricultural land may already be on different economic trajectories than otherwise similar 

counties without these characteristics. Consequently, simple cross-sectional comparisons 

between adopting and non-adopting counties risk confounding the effects of renewable energy 

development with pre-existing differences across locations.

This nonrandom siting motivates the quasi-experimental DiD approach used below, 

which compares changes in adopting counties with changes in not-yet-adopting counties. 

2.2  Empirical Evidence on Local Economic Impacts

To estimate the economic consequences of renewable energy development, researchers have 

relied on two broad approaches. Ex ante studies typically use input-output models such as JEDI 

and IMPLAN to forecast employment, wage, and tax effects from proposed projects (Bae and 

Dall'erba 2016; Jenniches 2018). These studies generally predict positive economic impacts but 

estimate gross rather than net effects and often focus on state or national economies. Because 

they do not directly observe realized outcomes, they are less suited for evaluating opportunity 

costs, including foregone agricultural production, changes in land values, or displacement of 

existing economic activity (De Silva, McComb, and Schiller 2016). 

To address these limitations, a growing literature uses ex post econometric approaches, 

most commonly DiD designs, to estimate the realized economic impacts of renewable energy 

development. These ex post studies generally find positive but modest local economic effects 
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from wind development. Brown et al. (2012) estimate increases of roughly 0.2% in county 

personal income and 0.4% in employment, largely concentrated during the construction phase.  

Using Texas counties, De Silva, McComb, and Schiller (2016) similarly find positive effects on 

income and employment, although the magnitude of these gains varies with project size. More 

recently, Brunner and Schwegman (2022) find increases in county GDP per capita, income per 

capita, and median home values, while Gilbert, Hoen, and Gagarin (2024) document persistent 

gains in earnings and employment among workers located near wind projects.  

Recent work also suggests that impacts vary substantially across locations. Using 

matching methods and longitudinal models, Shoeib, Renski, and Hamin Infield (2022) find 

positive associations between wind development and income, employment, and poverty 

reduction when considering all U.S. counties, but much weaker effects when restricting attention 

to rural counties. Brunner and Schwegman (2022) similarly find larger economic gains in less-

populated rural communities. These results raise important questions about whether findings 

from national samples generalize to the rural agricultural counties where most utility-scale 

renewable projects are located. 

Beyond income and employment, a growing literature examines effects on housing and 

agricultural land markets. Evidence for solar development is mixed, with Gaur and Lang (2023) 

finding negative housing price effects in rural Northeastern communities, while Hao and 

Michaud (2024) find positive effects in the Midwest. Studies of agricultural land values 

generally find limited impacts. Abashidze and Taylor (2023) report no direct effect of solar 

development on agricultural land values in North Carolina, while Tanner et al. (2024) find little 

effect of wind development on agricultural land without buildings but negative effects on 

agricultural properties containing buildings.
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Three gaps motivate this study. Existing ex post evidence remains weighted toward wind, 

relies largely on aggregate outcomes, and provides limited evidence for rural agricultural 

counties. We address these gaps by comparing wind and solar adoption and estimating sector-

specific effects in rural counties where utility-scale projects are most commonly sited.

2.3 Agricultural Land Use and Rural Economic Trade-offs

Utility-scale renewable energy development is deeply connected to rural land use. In the U.S., 

more than 90% of large-scale wind and 80% of solar farms in rural areas have been installed on 

cropland, pasture, or rangeland (Maguire, Tanner, and Winikoff 2024; Maguire et al. 2024). This 

concentration on agricultural land has raised concerns that renewable energy development may 

compete with food and fiber production, especially in rural counties where agriculture remains 

an important part of the local economy. Recent evidence suggests that solar development may 

also influence agricultural land markets; in New York, solar suitable parcels near substations 

sold for 15-18% more following the adoption of community-solar policies (Li, Zhang, and Ortiz-

Bobea 2026). These concerns are particularly salient for utility-scale solar, which often requires 

larger contiguous land areas and may remove land from agricultural production from the 

duration of the project lease. 

The extent of this trade-off likely differs between wind and solar development. Wind 

turbines generally occupy a relatively small physical footprint, allowing farming or grazing to 

continue around turbines and access roads. In some cases, wind development may even have 

limited positive effects on crop productivity; using a DiD approach, (Kaffine 2019) finds a small 

(~1%) increase in corn, soybean, and hay yields near a 100MW wind facility, potentially due to 

local microclimate effects. Solar development presents a different set of concerns because the 

land-use footprint is more spatially extensive and may more directly substitute energy production 
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for agricultural production. Agrivoltaics has been proposed as one strategy to reduce this tension, 

but widespread adoption remains limited (Dohlman et al. 2024).

Whether renewable energy development affects agricultural economies, however, cannot 

be inferred from land conversion alone. The local economic effects depend on how energy 

development changes landowner income, land values, rental markets, local labor demand, and 

the organization of agricultural production. Lease payments may provide a new and stable source 

of income for participating landowners, but project siting may also alter the availability and price 

of farmland for producers who rent land. These effects are shaped by local zoning policies, siting 

restrictions (Lerner 2021; O'Shaughnessy, Nilson, and Rand 2025), soil productivity, and 

whether projects are steered toward marginal or highly productive farmland (Maguire, Tanner, 

and Winikoff 2024; Owusu-Obeng et al. 2026). 

These considerations raise a central empirical question: do renewable energy projects 

generate local economic gains alongside continued agricultural economic activity? We examine 

agricultural GDP, employment, and wages to assess whether renewable development 

complements, displaces, or restructures agricultural economic activity in rural counties, and 

whether those effects differ between wind and solar technologies.

3. Data and Methods

We construct a county-level panel dataset for the contiguous U.S. from 2001 through 2023 to 

estimate the local economic effects of utility-scale renewable energy developments in rural 

communities. The unit of observation is the county-year, which allows us to link the timing and 

scale of wind and solar installations to annual measures of local economic activity, including 

GDP, employment, and wages. Consistent with the recent ex post studies of renewable energy 
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development (Brunner and Schwegman 2022; Gilbert, Hoen, and Gagarin 2024; Shoeib, Renski, 

and Hamin Infield 2022), we focus on observed changes rather than modeled input-output 

projects, exploiting variation in the timing of project adoption across counties. The primary 

analysis is restricted to nonmetropolitan counties, defined using USDA Rural-Urban Continuum 

Codes (RUCC) of 4 or greater, because large-scale renewable energy projects are 

disproportionately sited in rural and agricultural landscapes and because the economic channels 

through which these projects affect local communities may differ from those in more urban 

economies. We supplement this rural classification with an agricultural-economy definition 

based on the county-share of GDP from agriculture to assess whether results are robust for 

counties where agriculture production is a central component of the local economic base. The 

resulting panel combines federal data on power plant location, technology, capacity, and 

operating year with county-level economic outcomes and demographic characteristics, providing 

a framework to compare pre- and post-development trends in counties that adopt wind or solar 

energy with otherwise comparable counties that do not.2 

3.1 Power Plant Locations and Rural Classifications

Data on renewable energy development are constructed from the U.S Energy Information 

Administration’s annual Form EIA-860, which reports generator-level information on electric 

power plants, including technology type, operating status, nameplate capacity, initial operating 

2 Due to inconsistencies in county definitions and reporting, most Virginia counties and independent cities 
are excluded.  Virginia’s independent city structure creates inconsistencies across datasets that report 
either counties or county-equivalents, complicating harmonization with BEA and other federal data 
sources. 
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year, and plant location.3 We merge plant-level location records with generator-level capacity 

and technology data to identify the county, timing, and scale of wind and solar development. 

Counties are assigned using the state and county reported for each plant and are linked to the 

remaining panel using five-digit Federal Information Processing Standards (FIPS) codes.

Wind and solar generators are identified using the generator’s reported primary energy 

source. Generator-level observations are aggregated to the plant level. We then exclude wind 

plants with total nameplate capacity below 50 MW and solar plants with total nameplate capacity 

below 1 MW (Abashidze and Taylor 2023; Wiser et al. 2023).4 For each county, we define the 

adoption year as the first year in which a qualifying wind or solar plant becomes operational.5 

Once a county adopts a technology, treatment status remains equal to one in all subsequent years. 

Counties that do not host a qualifying plant during the sample period serve as comparison 

counties, subject to the sample restrictions described below. Wind and solar adoption are coded 

separately, allowing counties to enter the wind and solar treatment groups in different years.

The primary analysis focuses on rural counties. We classify counties as rural using the 

U.S. Department of Agriculture’s 2013 Rural-Urban Continuum Codes (RUCC), defining 

nonmetropolitan counties as those with RUCC values of 4 or greater. This restriction is 

motivated by the spatial pattern of utility-scale renewable energy development, which is 

3 Required respondents to the EIA-860 form if the plant’s total nameplate capacity is 1MW or greater and 
plant’s generator(s) are connected to the local or regional electric power grid, and has the ability to draw 
from and deliver power to the grid.

4 Smaller wind projects are rare and larger projects benefit from economies of scale. For solar, this 
exclusion criterion removes many of the commercial or public rooftop solar projects that do not impact 
land use. We find broadly similar results when the threshold for solar is 5MW and 20MW with stronger 
statistical significance. These results are available in Appendix A.
5 Generators within qualifying plants generally enter operation in the same year, so differences between first 
operation and the year in which total operating capacity reaches the threshold are uncommon. 
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disproportionately located in lower-density rural areas where agricultural and other undeveloped 

land is more abundant. Because rurality may also reflect the structure of the local economy rather 

than only metropolitan status, we conduct a supplemental analysis using an agricultural-economy 

definition. In this robustness sample, counties are classified as “agriculturally rural” if agriculture 

accounts for at least 10% of county GDP.6 This alternative definition allows us to test whether 

estimated effects are sensitive to using an economic measure of agricultural dependence rather 

than an urban-rural classification alone. 

Table 1 reports baseline characteristics for adopting and non-adopting counties using data 

from the 2000 Decennial Census. Several differences emerge across adoption groups. Wind-

adopting counties tend to be smaller, older, and have lower poverty rates than non-adopting 

counties, with slightly higher levels of educational attainment and lower shares of non-White 

residents. In contrast, solar-adopting counties are substantially larger, younger, more educated, 

have lower poverty rates, and more racially diverse than non-adopting counties. These patterns 

suggest that wind and solar development are not randomly distributed across rural areas but 

instead occur in counties with different demographic and socioeconomic characteristics.  

3.2 Economic Outcomes: GDP, Wages, and Employment

Economic outcomes are measured at the county-year level using data from the U.S. Bureau of 

Economic Analysis (BEA) and the Bureau of Labor Statistics’ Quarterly Census of Employment 

and Wages (QCEW). We examine three complementary measures of local economic activity: 

gross domestic product (GDP), employment, and wages. County-level GDP and GDP by 

6 Results are broadly similar when rurality is defined as having an agricultural GDP share equal to or 
greater than 10%. GDP growth is largely driven by the utility sector, but impacts on employment are 
diminished in the effect size and significance. These results are available in the online Supplemental S1.
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industry are drawn from the BEA and measure the value-added produced within the county.  

Employment and wages outcomes are constructed from the QCEW, which reports annual 

average employment and total annual wages by county, ownership, and North American Industry 

Classification System (NAICS) industry.7 For QCEW outcomes, employment and wages are 

summed across federal, state, local, and private ownership categories, allowing sectoral measures 

to capture both public and private covered employment where applicable. Demographic and 

population characteristics are sourced from the U.S. Census Bureau’s 2000 Decennial Census.  

The datasets are combined into a county-year panel based on FIPS codes. All outcomes are 

analyzed in logs, with GDP expressed as log GDP per capita.

Our primary outcomes are total county GDP per capita, total employment, and total 

annual wages. These aggregate measures capture the overall scale of local economic activity and 

allow us to test whether utility-scale renewable energy development produces measurable 

countywide changes beyond a narrow project-specific footprint. Because renewable energy 

projects may affect local economies through several channels, including construction activity, 

utility-sector production, land-use changes, lease payments, tax revenue, and local demand for 

goods and services, we also estimate sector-specific effects.

The primary sectoral analysis focuses on agriculture, construction, and utilities. 

Agriculture captures the existing land-based economic base of many host counties. For GDP, this 

sector reflects value added from crop and livestock production and related agricultural activities. 

For QCEW employment and wages, it captures covered wage-and-salary jobs in agriculture 

though it may understate the full agricultural labor force because many farm proprietors, family 

7 NAICS sectors used in the analysis include agriculture, forestry, fishing, and hunting (11); utilities (22); 
construction (23); manufacturing (31–33); wholesale trade (42); transportation and warehousing (48–49); 
real estate and rental and leasing (53); and public administration (92).
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workers, and self-employed operators are not fully represented in QCEW employment. This 

sector is central to the analysis because renewable projects are often sited on agricultural land 

and may affect farm economies through land leases, changes in land use, or interactions with 

ongoing agricultural production. 

Construction captures the short-run development and installation phase of renewable 

energy projects. In rural counties, construction-sector GDP, employment, and wages may include 

site preparation, road building, grading, foundations, electrical work, transmission 

interconnection, and related contracting activity. Because the construction phase is labor-

intensive but temporary, construction outcomes help distinguish short-run project development 

effects from longer-run operating effects.

Utilities capture the sector most directly connected to electricity generation, transmission, 

and distribution. For GDP, the utilities sector is important because electric power generation is 

capital intensive and can generate substantial value added even when local employment effects 

are modest. For QCEW employment and wages, the utilities sector may include plant operations, 

maintenance technicians, grid and substation workers, and administrative or technical staff.

In supplemental sectoral analyses, we also examine transportation and warehousing, 

public administration, real estate and rental and leasing, manufacturing, and wholesale trade. 

These sectors are not the primary expected channels, but they provide evidence on broader local 

spillovers and help identify whether renewable energy development affects the composition of 

rural economic activity. We interpret these supplemental estimates as exploratory because the 

sectors capture broad local activity rather than renewable-specific supply chains.
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the sample period. While these counties also begin with higher levels of GDP, the gap relative to 

non-adopting counties narrow substantially after 2010.

Because renewable adoption is staggered across counties, there is no single pre-treatment 

period that can be used to assess the identifying assumptions of the DiD model from these 

figures alone. Instead, Figure 3 is intended as a descriptive comparison of aggregate economic 

trends among adopting and non-adopting counties over the sample period. The figures suggest 

that differences between the groups are largely characterized by persistent differences in levels 

rather than pronounced divergence in trends. Appendix C presents analogous comparisons for 

GDP, employment, and wages across the major industry sectors. Formal event-study estimates 

and statistical tests of parallel trends are reported in the DiD results next.

5. Results

This section presents the estimated effects of utility-scale wind and solar adoption on economic 

activity in rural counties. We first examine impacts on overall GDP per capita, employment, and 

wages, followed by sector-specific effects in agriculture, construction, and utilities, before 

assessing the robustness of the results to alternative specifications and sample definitions.

5.1 Main Economic Effects of Wind and Solar Development

5.1.1 Assessment of Pre-Treatment Trends

Table 2 reports joint tests of the pre-treatment event-time coefficients. For the majority of 

specifications, the null hypothesis that the pre-treatment coefficients are jointly equal to zero 

cannot be rejected, providing support for the identifying assumptions underlying the event-study 

design. A small number of sectoral outcomes do exhibit evidence of pre-treatment differences 

and should therefore be interpreted more cautiously.
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adoption. When smaller-scale solar installations are excluded (e.g. using 5MW or 20MW 

thresholds), the estimated effects become more pronounced, with positive effects emerging in the 

agriculture and construction sectors (see Appendix A).

5.1.3 Employment

Figure 6 presents the estimated effects of wind and solar adoption on county-level employment 

in rural counties. Compared with the GDP results, employment responses are generally smaller 

in magnitude and less persistent. For wind adoption, there is little evidence of a substantial 

increase in overall employment following development. While some positive post-adoption 

effects are observed, the estimates are generally modest, suggesting that wind development does 

not generate broad-based labor market expansion. For example, by the fifth year of operation, 

total employment is estimated to be only 1.53% [95% CI: -1.88% to 5.06%, p-value=0.384] 

higher than comparable counties that had not yet adopted wind energy, and these effects are not 

statistically significant across the post-adoption period. Sector-specific results fail to indicate any 

significant employment gains in the agricultural, construction, and utilities sectors following 

wind adoption.

Solar adoption is associated with somewhat stronger employment effects than wind, 

although the estimated impacts remain modest. Positive post-adoption employment effects 

emerge after development and are concentrated primarily within the construction and utilities 

sectors. Results are more pronounced when higher capacity thresholds (5MW and 20MW) are 

used to define utility-scale solar adoption. As shown in Appendix A, these alternative 

specifications yield larger and statistically significant estimated employment and wages effects 

in the construction and utilities sectors, suggesting that including very small solar facilities 

attenuates the estimated impacts of utility-scale development.
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The employment results suggest that renewable energy development produces more 

limited labor market effects than output effects. The concentration of gains within utilities, and to 

a lesser extent construction, indicates that much of the economic activity generated by renewable 

energy development occurs through relatively capital-intensive sectors that require 

comparatively few long-term workers.

5.1.4 Wages

Figure 7 presents the estimated effects of wind and solar adoption on wages in rural counties. For 

wind adoption, wage estimates are generally positive in the post-adoption period, but none are 

statistically significant. By the fifth year of operation, the estimated treatment effect implies that 

real total wages are approximately 2.93% [95% CI: -0.06% to 6.62%, p-value=0.107] higher than 

in comparable not-yet-treated counties, but again with statistically insignificant results over the 

post-treatment period. Consistent with the broader wage results, sector-specific estimates provide 

little evidence of persistent wage effects in agriculture, construction, or utilities following wind 

adoption.

Solar adoption is associated with positive wage effects that emerge following adoption 

and persist through much of the post-adoption period. Estimated overall wage gains increase 

from approximately 0.35% in the first year of operation to 1.26% by the third year, remaining 

positive thereafter, but are not statistically significant.  However, sectoral estimates indicate 

gains that are significant and concentrated primarily in the utilities sector, with additional 

improvements observed in construction wages. 

Overall, the results suggest that renewable energy development contributes more strongly 

to wage growth than to employment growth. This pattern is consistent with economic activity 
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being concentrated in relatively high-paying utility and construction occupations rather than 

through large increases in total employment.

5.2 Robustness Checks

5.2.1 Inclusion of Covariates

Online Supplemental S3 presents event-study estimates from specifications that incorporate 

baseline demographic and socioeconomic controls, including population homeownership, 

educational attainment, poverty, age structure, and racial composition. Overall, the inclusion of 

these covariates produces results that are highly consistent with the baseline estimates reported in 

Figures 4–7. The main signs, magnitudes, and timing remain similar, indicating that the findings 

are not sensitive to observable baseline county characteristics.

5.2.2 Alternative Definition of Rural Counties

We define agriculturally intensive counties as those where agriculture represented at least 10 

percent of county GDP in 2023. This alternative definition of rural targets counties with a 

stronger agricultural economic base and provides a more stringent test of whether the results are 

driven by the rural classification. Because the smaller sample reduces the number of treated 

observations, we employ the regression-adjusted estimator in place of the doubly robust 

estimator used in the main analysis. Results are reported in the online Supplemental S1.

The results are qualitatively consistent with the main analysis. Wind development 

continues to generate positive GDP effects, with gains concentrated in the utilities sector. Solar 

development remains associated with comparatively modest economic effects in employment 

and wages. Overall, the findings are not sensitive to the definition of rurality. 
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5.3 Sectoral Heterogeneity

While the primary analysis focuses on agriculture, construction, and utilities, renewable energy 

development may also affect other sectors through indirect and induced economic channels. 

Appendix B reports trends and event-study estimates for transportation, public administration, 

real estate, manufacturing, and wholesale trade.

5.3.1 Additional GDP Effects

The sectoral GDP results reveal several additional channels through which renewable energy 

development affects rural economies. For wind development, the public administration also 

experience positive gains, with sectoral GDP increasing by approximately 2.67% [95% CI: 

0.62% to 4.76%, p-value=0.010] by the fifth year after adoption. Increased public administration 

activity may reflect growth in local government revenues and expenditures associated with 

renewable energy development, including increased tax collections and public service provision. 

Solar development exhibits a different pattern. Positive GDP effects are observed in the 

transportation sector, potentially reflecting increased demand for transportation, logistics, and 

equipment movement associated with solar construction and operation. While the magnitude of 

these effects is substantial, 15.52% [95% CI: 5.07% to 27.02%, p-value=0.003] by the fifth year, 

the results suggest that transportation-related activities may benefit disproportionately from 

utility-scale solar development.

5.3.2 Additional Employment and Wage Effects

The employment and wage results similarly indicate greater sectoral spillovers from solar 

development than from wind development. Solar adoption is associated with positive long-run 

effects in transportation employment and wages, suggesting sustained demand for transportation-
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related services after projects become operational. In contrast, wind development exhibits 

positive but insignificant effects on employment and wages for the transportation sector. 

5.4 Discussion of Economic Mechanisms

The results suggest that the economic impacts of renewable energy development in rural counties 

are shaped by both the characteristics of the technologies themselves and the sectors through 

which benefits are transmitted. Across both wind and solar development, the utilities sector 

consistently exhibits the largest and most persistent effects. This pattern reflects the fact that 

renewable facilities become part of the local electricity-generation infrastructure. In addition, 

utility investments may generate indirect demand for supporting services and infrastructure, 

contributing to spillover effects in other sectors.

The larger GDP gains associated with wind development relative to solar likely reflect 

differences in project scale, land requirements, and the economic linkages generated by each 

technology. Wind projects often involve larger geographic footprints, longer development 

timelines, and substantial lease payments to landowners. These factors may increase the extent to 

which economic benefits circulate within local economies. The broader sectoral spillovers 

observed for wind development, particularly in public administration, are consistent with this 

interpretation. Solar development, however, produces a notably larger positive effect in the 

transportation sector than wind, suggesting that its local economic impacts may be more 

concentrated in logistics, equipment movement, and related transportation activity.

The contrast between GDP effects and employment effects also highlights the capital-

intensive nature of utility-scale renewable energy development. Both wind and solar projects 

require substantial upfront investment in equipment and infrastructure but relatively few long-
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term workers once operational. As a result, increases in economic output are generally larger 

than increases in employment, while wage gains are concentrated within a limited number of 

sectors.

Finally, our results do not provide evidence of economic displacement across important 

agricultural measures. Agricultural GDP, employment, and wages remain largely unchanged 

after adoption, with modest positive effects for solar in some very large-scale specifications. This 

pattern suggests that although solar development may displace production on the land directly 

converted to solar use, these land-use changes do not appear to translate into substantial declines 

in agricultural economic activity at the county level.

6. Conclusion

Utility-scale wind and solar development is disproportionately located in rural communities, 

where siting decisions often weigh expected economic benefits against competing land uses and 

other local priorities. Using a staggered DiD framework, this study finds that utility-scale wind 

development is associated with significant increases in county GDP, driven primarily by growth 

in the utilities sector with additional spillovers into public administration. In contrast, solar 

development generates more modest economic effects that are concentrated in employment and 

wages rather than aggregate output. Importantly, neither wind nor solar development is 

associated with declines in agricultural GDP, employment, or wages, suggesting that renewable 

energy development does not substantially disrupt agricultural economic activity in rural 

counties. 

The analysis extends prior ex post studies by comparing wind and solar directly, by 

focusing on rural counties, and by tracing effects across economic sectors within those counties.
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The results also have important implications for local economic development policy. 

Economic benefits from renewable energy development should not be assumed to be uniform 

across technologies or communities. Wind development appears more likely to generate 

measurable gains in local economic output, while the benefits of solar development are generally 

smaller but more clearly create spillover effects into the construction and transportation sectors. 

Consequently, local governments should be cautious when relying on generic economic impact 

projections during siting and permitting decisions. 

The agricultural results are particularly important for rural siting debates: within the 

county-level outcomes examined here, neither technology shows evidence of reducing 

agricultural GDP, employment, or wages.

A few limitations should be considered when interpreting these findings. First, the 

analysis focuses on county-level outcomes and therefore cannot fully identify how economic 

benefits and costs are distributed among households, landowners, workers, and local 

governments within a county. Second, we do not have information on what type of land a project 

was built on; for instance, whether it had been in agricultural production or unused, or whether it 

was high or low quality agricultural land. Differences in previous land use and quality may affect 

our results. Third, while the estimates capture net changes in local economic activity, they do not 

directly measure several potentially important dimensions of renewable energy development that 

have been examined elsewhere in the literature, including impacts on land use and property 

values (Abashidze and Taylor 2023), the opportunity costs of alternative land uses, or the costs 

associated with transmission and related infrastructure investments. As with all difference-in-

difference designs, our estimates rely on a conditional parallel trends assumption that cannot be 

directly verified. Although event-study estimates and formal pre-trend tests provide little 
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evidence of differential pre-treatment trends, unobserved time-varying factors correlated with 

both renewable energy development and local economic outcomes could still bias estimates. 

Finally, the results reflect observed outcomes for projects developed during the study period and 

may not fully generalize to future renewable energy deployment as technologies, market 

conditions, and policy environments continue to evolve.

Future research should examine the persistence of these effects as projects age, the 

distribution of benefits across workers, landowners, and local governments, and interactions with 

land markets, transmission infrastructure, and alternative land uses. Additional ex post studies of 

utility-scale solar development are especially needed given the technology’s rapid expansion and 

the comparatively limited evidence on its realized local impacts.

Overall, the results indicate that renewable energy development can generate measurable 

economic benefits for rural communities, but the magnitude and form of those benefits vary 

across technologies and local economic contexts. Wind development is associated with broader 

gains in economic output, while solar development produces modest and sector-specific effects. 

As renewable energy infrastructure continues to expand across rural landscapes, understanding 

these differences will be important for designing policies and siting decisions that balance energy 

production, agricultural land use, and rural economic development objectives.
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Table 1. Baseline Characteristics by Adoption Status

Wind Solar

Non-adopters Adopters P-value Non-adopters Adopters P-value

N 1,637
(85.0%)

289
(15.0%)

1,421
(73.7%)

508 
(26.3%)

Population 23,338
(20,444)

19,486
(21,012) 0.003 18,951 

(17,518)
33,354 
(24,393) <0.001

Homeownership Rate 
(%)

75.20
(6.06)

74.25
(5.79) 0.014 75.40 

(6.21)
74.13
(5.41) <0.001

Population Age 65+ 
(%)

15.88
(3.79)

17.20
(4.16) <0.001 16.47

(4.01)
14.99 
(3.25) <0.001

Bachelor’s Degree or 
Higher (%)

14.12
(5.87)

15.38 
(4.61) <0.001 14.15 

(5.64)
14.75 
(5.88) 0.042

Poverty Rate (%) 15.91
(6.87)

13.84 
(5.77) <0.001 15.91

(6.93)
14.72 
(6.16) <0.001

Non-White 
Population (%)

17.30
(19.28)

15.57 
(19.58) 0.163 15.39

(18.49)
21.61 
(20.81) <0.001

Entries report means with standard deviations in parentheses. Baseline characteristics are measured using data from the 2000 
Decennial Census. Differences between adopters and non-adopters are assessed using two-sample t-tests; reported p-values 
correspond to tests of equality in group means.
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Appendix A. Utility-Scale Solar Defined as 5MW and 20MW

Figure A1. Effect of Renewable Adoption

Solar 5MW Solar 20MW

(a) GDP (b) GDP

(c) Employment (d) Employment

(e) Wages (f) Wages
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Figure A2. Renewable Adoption’s Effect on GDP by Sector

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure A3. Renewable Adoption’s Effect on Employment by Sector

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure A4. Renewable Adoption’s Effect on Wages by Sector

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure A5. Renewable Adoption’s Effect on GDP by Sector with Covariates

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure A6. Renewable Adoption’s Effect on Employment by Sector with Covariates

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure A7. Renewable Adoption’s Effect on Wages by Sector with Covariates

Solar 5MW Solar 20MW

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Appendix B. Results for Sectors Transportation, Public Administration, Real Estate, 
Manufacturing, Wholesale Trade

Figure B1. Trends in GDP by Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B2. Trends in Employment by Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B3. Trends in Wages by Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B4. Effect in GDP from Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B5. Effects in Employment from Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B6. Effects in Wages from Technology Adoption for Rural Counties

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B7. Effect in GDP from Technology Adoption with Covariates

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B8. Effects in Employment from Technology Adoption with Covariates

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Figure B9. Effects in Wages from Technology Adoption with Covariates

Wind Solar

(a) Transportation (b) Transportation

(c) Public Admin. (d) Public Admin.

(e) Real Estate (f) Real Estate
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(g) Manufacturing (h) Manufacturing

(i) Wholesale (j) Wholesale
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Appendix C. Sector Specific Trends

Figure C1. Trends in Sector Specific GDP by Technology Adoption for Rural Counties

Wind Solar

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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Figure C2. Trends in Sector Specific Employment by Technology Adoption for Rural 
Counties

Wind Solar

(a) Agriculture (b) Agriculture

(c) Construction (d) Construction

(e) Utilities (f) Utilities
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