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INTRODUCTION
Wind energy development in the United States occurs 

primarily on private land in agriculturally-intensive areas, 

yet relationships between the wind and agricultural sectors 

are not well understood. In this study, we combine wind 

turbine location data with agricultural production regions 

and the U.S. Census of Agriculture to examine spatial 

patterns and relationships between wind turbine densities 

and agricultural characteristics. 

CONTEXT

The number of farms and the number of farmers has 

declined precipitously in the United States over the past 

several decades, dropping from nearly 7 million farms in 

the 1930s to around 2 million today (USDA ERS 2019). Of 

these remaining farms, scholars have denoted a declining 

of the farming “middle class” as over 84% of these 2 million 

farms are small hobby farms, retirement operations or low-

sales farms that provide only supplemental income (if any) 

to their operators and produce only 15% of agricultural 

products produced in the United States. Meanwhile, large-

scale family (annual gross cash income greater than $1 

million) or corporate farms comprise only 5% of farms in 

operation but produce over 52% of agricultural products 

sold in the U.S. (USDA ERS 2019). With farming no longer 

a common livelihood strategy, its abandonment has left 

limited economic opportunities and population decline in 

rural communities (Lobao and Meyer 2001). 

Meanwhile, over 59,000 wind turbines have been 

constructed in the United States, and landowners not only 

have the primary decision-making authority over the 

construction of wind turbines (Jacquet 2015), but also 

stand to benefit from wind leases and energy production 

royalties (Fergen and Jacquet, 2016). Wind energy 

development has been one tool community developers and 

university extension offices have pitched to alleviate the 

negative transformation seen in rural communities (Bowen-

Ellzey 2011). 

AIM
1. What is the distribution of wind energy on private lands?

2. What factors of agriculture are most associated with 

turbine count?

3. Are there significantly differentiated clusters of turbines in 

the contiguous U.S.?

4. What regional variations exist?

Agriculture and Wind Turbine Correlations

Wind Turbines and Agricultural Resource Regions

METHODS

Data from the following sources were merged using ArcMap GIS: 

• USDA-National Agricultural Statistics Service (NASS) (2017) 

• The U.S. Wind Turbine Database (USWTD) (2020)

• USGS Protected Areas Database (2020)

• USDA Farm Resource Regions map (2020)

RESULTS
Wind Turbines on Public VS. Private Land 

As of April of 2019, there are 53,350 turbines located in the 

contiguous United States on private land (90% of U.S. 

turbines), primarily in areas associated with agriculture.  

To assess the spatial distribution of wind energy, two 

techniques were implemented in ArcMap 10.3.  First, using 

the values of private turbines calculated at the county level, 

a Getis-Ord Gi Hotspot Analysis from ArcToolbox’s spatial 

statistic tools was conducted to see whether clustering of 

turbines occurs, using a z-score for each county

CONCLUSIONS
U.S. wind energy development is overwhelmingly located on 

private land, with statistically significant spatial clustering that 

occurs with variables associated with large-scale agriculture. 

Regional agricultural variations are associated with spatial 

patterns in wind energy development. The association with land 

rented for agricultural production may be a sign that wind farms 

are being sited where local residents have less say in the 

development process, especially in the Prairie Gateway region, 

where absentee rates are higher (45%) for cluster counties 

compared to for the Heartland (34%). Numerous limitations to 

the data and conclusions exist; however, the results suggest 

wind turbines disproportionately benefit larger farming 

operations, with implications for the agricultural system and 

community development in rural areas. While these projects 

bring in extra revenue to rural counties struggling to finance 

local government, this revenue may flow disproportionately to 

non-local landowners, depending on the specific organization 

and tenure of these partnerships. 
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Optimized Getis-Ord Gi Hotspots of Wind Turbines 

Controlling for all other covariates, the strongest positive 

associations between turbine count and agricultural 

characteristics including the amount of land operated by 

partnership farms (Std. β = 11.991), the amount of land 

rented for agriculture (Std. β = 4.918), and producer 

income (Std. β = 2.089) at the county level.  Negative 

relationships exist between the amount of land operated by 

family farms (Std. β = -3.405) and the amount of land

operated by female producers (Std. β = -3.857).  Together, 

these characteristics explain 23.66% of the variation in the 

number of private wind turbines in counties in the contiguous 

48 states.

To assess regional variation in the mean scores of 

agricultural characteristics of the high-high clusters, ANOVA 

analysis were conducted between the Heartland, Prairie 

Gateway, and Fruit Rim produce regions. Correlation 

analysis reveals some trends that vary by region.  The 

strongest correlations between turbine count and agricultural 

characteristics at the national level include the amount of 

land operated by partnerships (.333), land rented (.286), 

land operated by female producers (.204), production 

expenses (.155), and percent of off-farm producers (.150)    

The relationship between cluster county status and selected 

characteristics are strongest for land rented (.257), land 

operated by female producers (.227), average farm size 

(.213), land operated by partnership (.208), and percent of 

land operated by operators residing off farm (.205). 


