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ABSTRACT 
 

Increased wind turbine development has rapidly raised concerns about decreases in 

surrounding land values due to wind turbine presence.  Estimations on the effect of 

wind turbines on surrounding land values have been mixed. Few studies have 

empirically examined whether agricultural land values are affected by wind turbine 

presence, or whether wind turbine profitability affect property values. This study 

examined the extent to which agricultural land values in Southern High Plains of 

Texas are impacted by wind turbine presence, and if wind turbine profitability results 

in notable differences in land value. The study's objectives were threefold; first, the 

System Advisor Model (SAM) was used to calculate wind turbine profitability in 

order to determine whether wind turbine profitability positively affected agricultural 

land    values; second, propensity score matching and statistical t-tests were applied to 

investigate whether agricultural land values change due to the presence of wind 

turbines; and third, the potential effects of wind energy policies on wind turbine 

profitability and agricultural land values were discussed and reviewed. The results 

indicate that agricultural land values are negatively affected by wind turbine 

presence, while the total profit made by agricultural producers increases as a result 

of wind turbine presence.  These results open a new direction of inquiry when 

considering wind turbine placement. 
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CHAPTER I 

INTRODUCTION 
 

1.1 Background Information 

Coal and natural gas were the main resources for electricity generation for 

many years.   However, carbon dioxide (C02) emissions are a common byproduct 

of electricity generation for non-renewable energy sources. According to U.S 

Energy Information Administration (2020), “In 2019, emissions of carbon dioxide 

(CO2) by the U.S. electrical power sector was 1.618 million metric tons (MMmt), 

or about 31 % of total energy related CO2 emissions of 5.146 (MMmt)” (2020).  The 

highest contributor to CO2 emissions for electrical generation was coal, which 

produced 60% or 973 (MMmt) of CO2.   

The high level of CO2 emissions produced by traditional energy sources has 

had drastic effects on earth’s climate.  According to NASA (2021), “Changes 

observed in the Earth’s climate since the early 20th century are primarily driven by 

human activities, particularly fossil fuel burning, which increases heat trapping 

greenhouse gases levels in the earth’s atmosphere, raising earth’s average surface 

temperature”.  This increase in average surface temperature has led to an increase in 

demand for renewable energy sources which reduce CO2 emissions 

  As demand for renewable energy sources increased, developers have 

tried to increase the viability of developing renewable energy sources by lobbying 

with government officials for policies which reduce the cost of developing 
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renewable energy sources. This push led to new developments in renewable energy 

policy in the United States such as the production tax credit.  The production tax 

credit is a tax credit received by developers who construct renewable energy 

projects.  In the early 2000’s, The production tax credit allowed developers to take 

an initial tax credit of 1.5 cents per kilowatts hour of energy produced (Walker & 

Swift 2015).  

Renewable energy policy in the United States began in 1975, when President 

Ford enacted the Renewable Energy and Policy Act, and with the formation of the 

Energy Research and Development Administration (ERDA). The goal of the 

Renewable Energy and Policy Act was to facilitate the energy independence of the 

United States. ERDA focused the research efforts of the federal government into one 

department, and provided funding for renewable energy projects. This early energy 

policy was the foundation for the formation of the Department of Energy (DOE). 

President Carter’s administration merged the functions of ERDA and other similar 

departments in 1977 to create the DOE.  

Under the DOE, with technological improvements, and policies such as the 

production tax credit, rapid development of wind energy is now possible. 

According to the DOE, “As of 2016, wind power represented the third-largest 

source of U.S generated capacity additions. Wind power additions continued at a 

rapid pace in 2016, with 8,203 Megawatts (MW) of new capacity added in the 

United States and 13$ billion invested.” (Wiser et al. 2016). Current policy 

continues to play a role in wind turbine development and placement and is a 
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multifaceted process influenced by economic considerations, wildlife 

considerations, and wind rights. 

1.2 Specific Problems 
Texas was one the first states to start constructing winds farms in 1999 with 

the Southwest Mesa Wind Project. Texas is well suited to wind power development 

because of its high wind speeds and continues to be one of the frontrunners of wind 

power development. In 2010, Texas was ranked sixth in the world for installed wind 

energy capacity (Reategui & Hendrickson, 2011). However, as wind power 

development has continued to expand in Texas, more land has been needed to build 

and develop wind turbines. The land being used for wind power development is 

often already being used for commercial, industrial, agricultural, or residential 

purposes. 

There is a  cost that can be added to the land where a wind turbine is built. 

For example, one cost is the potential decrease in real estate values of residential 

areas, due to wind turbines not being aesthetical pleasing. This idea of property 

values decreasing due to wind turbine development is espoused by the Not in My 

Backyard (NIMBY) movement. Members of NIMBY oppose wind power 

development for reasons such as health and/or the beauty of the local environment 

(Keller, 2010). As a result, current research has focused on how public opinion or 

the aesthetics of wind turbines influence residential land value. 

Not much research has been done on whether wind turbines have changed 

property values for reasons other than aesthetics and personal preferences. This is 

especially important for agricultural land. Land used by agricultural producers   is 
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both an asset and an input of production in agricultural goods and commodities. 

Therefore, any decrease or increase in agricultural land values can have a big impact 

on the profitability and financial stability of agricultural producers. 

If real estate parcels with agricultural land have significantly different market 

values when wind turbines are present, it indicates that wind turbines presence influences 

agricultural land values. When a wind turbine is present on a parcel, it will generate profit 

for the landowner via a contract with a wind turbine producer. Wind turbine profitability 

will reduce the financial risk of having wind turbines on agricultural land because wind 

turbines profit provides an additional source of revenue for agricultural producers.  

1.3 Study Objectives  

The general objective of this study is to determine to what extent agricultural land 

values in Texas are impacted by wind turbines, and if wind turbine profitability results  in 

notable differences in land value. There are three objectives in this research study; first, the 

System Advisor Model (SAM) is used to calculate wind turbine profitability in order to 

determine whether wind turbine profitability positively affected agricultural land    values; 

second, propensity score matching and statistical t-tests is applied to investigate whether 

agricultural land values change due to the presence of wind turbines; and third, the potential 

effects of wind energy policies on wind turbine profitability and agricultural land values 

are discussed and reviewed. 
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CHAPTER II  

LITERATURE REVIEW  
Despite the increased prevalence of wind farms both regionally and globally, little 

research has been done on the economic impact of wind turbines on agricultural land values 

and the profitability of farms.  Most of the work that has been done to this point has focused 

on one of three areas: the study of the impact of wind turbines on land values; the public 

perceptions of wind turbine presence; and, the impacts of the wake effect. 

2.1 Land Value Studies 
As wind turbine development and prevalence continue to grow, some studies have 

begun focusing on the association between land values and the presence of wind turbines. 

Most of these students have used a hedonic model when looking at land values. Sims et al. 

(2008) used hedonic analysis to determine whether there was an effect on property values 

in the UK as a result of wind turbine presence at the Bear Downs wind farm. The study 

looked at residential property in the presence of a 16-turbine wind farm, known as Bear 

Downs.  The study was not able to identify a clear causal link between property values and 

the presence of the wind turbines; however, the authors believe that there was some 

relationship between the view obstruction and light flicker and the values of certain 

properties. The limitation of the UK study with regard to its relevance to the work done in 

this thesis is that it, like others, focused on residential property, not farmland. In addition, 

the size and scope of the study was quite small. However, the authors did indicate that wind 

turbine characteristics such as wind turbine height could potentially influence property 

values. 
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A similar study was conducted in the United States by Heintzelman and Tuttle 

(2012) using fixed effects and hedonic analyses to determine if new wind energy facilities 

impacted property values in Clinton, Franklin, and Lewis counties in northern New York. 

This study area was larger, had more wind turbines, and had more property transactions 

than previously published work. The results were mixed, showing while wind turbine 

proximity had a significant negative effect on land values in Clinton and Franklin counties, 

negative effects were not seen in Lewis county.      Heintzelman and Tuttle (2012) 

hypothesized that the differences in the  results for Lewis county could be due to a different 

design of wind energy facilities, or the heterogeneity of consumer preferences in different 

counties (2012). 

An even more extensive study was conducted by Hoen et al. (2015),  who used 

spatial hedonic analysis to determine if land values are affected by the proximity of wind 

turbines. Data in this study were collected and analyzed from twenty-seven counties in nine 

different states located in the United States. Land values prior to the announcement of a 

new wind energy facility, land values after the announcement but prior to construction, and 

land values after construction were observed in this study.  No statistically significant 

differences in land values were found when comparing land values after the announcement 

but prior to construction period to land values after construction period. These results imply 

that wind turbine presence did not have an impact on land values in the regions studied by 

Hoen, et. al. (2015). This study raises the interesting question of whether impact of the idea 

of wind turbines in a region is as significant to land value as the actual presence of the 

turbines – in other words, what is the effect of public perception.  
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2.2 The Public Perception Effect on the Impact of Wind Turbine Presence 

In a study conducted by Vyn (2018), difference-in-difference hedonic price 

valuation was used to estimate land values near areas with wind turbine development in 

Ontario, Canada. The study examined contradictory results of previous research. In a 

number of early studies, contradictions in the results of previous studies were explained by 

limited data and the size and scope of the studies according to Vyn (2018). However, recent 

studies with larger datasets also had contradictory results, meaning that limited data and 

study size were not the only contributing factors. Vyn(2018) empirically examined the idea 

that differences in public perceptions of wind turbine development cause differences in 

land values. The goal was to observe whether differences were present for land values in 

municipalities that supported wind turbine development, and those that did not. The results 

indicated that in Ontario, wind turbines do have a negative impact on property values, and 

that the differences in land values between opposed and unopposed municipalities could 

be to due differences in the perceptions and attitudes toward wind turbines. However, the 

study does not account for different factors (such as profitability) may also contribute to 

differences in land values (Vyn 2018). 

Research done by Brannstrom et al. (2011) discussed local support and opposition 

for wind power development in West Texas, and considered some of the additional factors  

that could influence land value. The study stated that there are three common theories about 

why wind turbine development is supported or opposed by locals. First people have deeply 

held beliefs and values which influence how they feel about wind turbine development. 

Second, people in areas experiencing economic decline are more likely to support wind 

turbine development. Third, local people or cooperatives are more likely to support wind 
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power development when they are involved in the development of the project. 

The validity of each of these theories, was tested utilizing the Q-method. The Q- 

method is used to measure subjectivity using statistical measurements when limited 

patterns of discourse or accounts are gathered using interview or survey methods.  

According to Brannstrom, et al (2011), acceptance of wind energy development is 

complex, and changes based on local economic development, tax policy, and the 

distribution of the benefits and costs, while aesthetics do not play a significant role. It is 

interesting that aesthetics do not play a significant role in the acceptance of wind turbines, 

because the impact on local aesthetics is often what is discussed when looking at 

acceptance of wind turbines, and   changes in potential land values. 

Public perception and acceptance was extensively investigated in a meta-analysis 

conducted by Rand and Hoen (2016), who examined hundred papers on wind energy 

acceptance research from 1987 to 2016.  The following conclusions were drawn from the    

metanalysis: 

(1) North American support for wind has been consistently high. (2) 

The NIMBY explanation for resistance to wind development is invalid. (3) 

Socioeconomic impacts of wind development are strongly tied to 

acceptance. (4) Sound and visual impacts of wind facilities are strongly tied 

to opposition, and ignoring these concerns can exacerbate conflict. (5) 

Environmental concerns matter, though less than other factors, and these 

concerns can both help and hinder wind development. (6) Issues of fairness, 

participation, and trust during the development process influence 

acceptance. (7) Distance from turbines affects other explanatory variables, 
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but alone its influence is unclear. (8) viewing opposition as something to be 

overcome prevents meaningful understandings and implementation of best 

practices. (9) Implementation of research findings into practice has been 

limited. 

The results of the metanalysis conducted by Rand and Hoen (2016) are important to 

consider in the context of this thesis study, because the results indicate that socioeconomic 

factors do have a significant impact on both wind turbine development and acceptance. 

Additionally, the meta-analysis further reveals the lack of research regarding the effect of 

wind turbines on agricultural producers, and the potential differences in perception among 

agricultural producers. 

2.3 Profitability and Wake Effects 
Previous studies looking at how land values are affected by wind turbines have not 

considered the impacts of wind turbine profitability on land values. If a wind turbine is not 

profitable, then the risk for agricultural producers will increase, potentially reducing 

agricultural production profits and subsequently decreasing the land value.  The 

profitability of wind turbines for landowners is difficult to estimate because many different 

factors can affect wind turbine profitability. In particular, landowner profit may vary due 

to the contract structure with wind turbine developers. For example, landowners could 

receive consistent lease payments, or variable royalty payments based on electricity 

generation of wind turbines.  Some assumptions must also be made about the payment 

structure,  and these assumptions must be as accurate as possible to ensure accurate results. 

A report compiled by Kent (2019). on common wind turbine taxation practices stated that 

landowners with wind turbines typically receive as payment a rental payment between 
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$2000 and $10,000 per turbine per year, a royalty payment between 2%  and 4% of gross 

revenue, or some combination of a fixed minimum rent and  royalty payment structure. 

Wake effects are significant because they can influence wind turbine productivity 

and profitability. Diamond and Crivilla (2011) explained wake effects as occurring due to 

increased turbulence in wind patterns downstream from a wind turbine slowing the wind 

down when it hits the next turbine. This means that wind turbines grouped together in big 

wind farms have diminishing returns. Therefore, two of biggest influences that 

policymakers have on wind turbine development is the ability to set limits on where wind 

turbines can be located, and the ability to determine who has the wind rights in a certain 

area. Both of    these actions can have an impact on how prevalent the wake effect is in any 

given wind farm. 

For example, a study done by Kaffine and Worley (2010), examined two 

alternatives: a decentralized alternative in which the sole owners of each wind turbine try 

to optimize their capital decisions independent from each other; and ,a centralized 

alternative in which the one owner optimizes the capital decisions across the whole study 

area. The results indicated that the decentralized alternative will result in overcapitalization 

in upwind areas, and undercapitalization in downwind areas, decreasing the profitability of 

the downwind wind turbines. Policymakers could intervene in this situation described by 

Kaffine and Worley (2010) by determining who has the wind rights. Wind rights determine 

which wind turbine developer has the right to develop wind energy in an area. For example, 

if a wind turbine developer who is located downwind   has the wind rights, then the 

developer could potentially sue the developers who are located upwind for profit loss due 

to the wake effect.  
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Currently, there is not a consensus on what policies should be used for wind rights; 

however, it is important to know what policies have been suggested. Troy Rule (2009), a 

district attorney, believes that the fourth rule of the cathedral model should be used to 

determine wind rights. The cathedral model established four basic rules for protecting 

property rights. Rule four states that a polluter can pollute and the pollutee is protected by 

a liability rule. Rule four would work well for wind rights because it would give upwind 

developers the wind rights, but it would allow the downwind developers the opportunity to 

litigate and get compensation for the potential loss in revenue (Rule 2009). 

Diamond and Crivella (2011) do not believe that the fourth cathedral rule should 

be    used, because it can lead to controversy between developers and communities during 

litigation, and wind energy development is most successful when the developers and 

community agree with each other. Diamond and Crivella (2011) propose that wind rights 

should be developed similarly to how solar rights were developed in other countries such   

as Great Britain and Japan. This would work because wind energy shares many 

characteristics with solar energy. The solar rights cases illustrated by Diamond and Crivella 

(2011) show a more collaborative approach featuring discussion between the affected 

parties rather than outright litigation. 

Winikoff (2019) provided an alternative explanation for why no concrete 

regulations or policies have been created for the wind energy sector in the United States. 

The author built a new database containing information on county-level ordinances, which 

regulate how far back commercial wind energy conversion systems (WECS) must be from 

property lines and residences. Using this database, the study ran a duration analysis on the 

decision to adopt a WECS ordinance, then the strictness of the ordinance was determined 
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using a cross-sectional analysis of the property line and residential setbacks. Finally, this 

study determined how these ordinances evolved over time. The results indicated that 

counties with higher wind  energy potential were more likely to adopt and update WECS 

ordinances.  Additionally, counties neighboring counties which have adopted WECS 

ordinances are more likely to do so in the future. 

Winikoff’s (2019) study indicated that the decision of whether to adopt wind energy 

regulation and policies is primarily a local decision based on the costs and benefits of  wind 

energy in the local energy environment. If this is the case, then it is possible that it  is not 

necessary to have the state or national regulations which are advocated by Rule (2009), and 

Diamond & Crivella (2011). This explains why, despite not having very many regulations, 

Texas has been highly successful in developing wind energy. 
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CHAPTER  III 

CONCEPTUAL FRAMEWORK 

 

3.1 Wind Turbine Profitability Model  
 

Previous studies utilizing hedonic models have considered whether land values are 

influenced by wind turbines because of the aesthetic preferences of land buyers. However, 

additional factors may influence land values (Vyn, 2018; Brannstrom et al. 2011). Wind 

turbine profitability is one of these factors.  

As mentioned previously, wind turbine profitability is difficult to estimate because 

of natural phenomena such as wake effects can occur, reducing the profitability that is 

made by both wind turbine developers and landowners. Hence, wind turbine profitability 

needs to account for the influence of wake effects.   An open source simulation model 

developed by the National Renewable Energy Lab (NREL) called the System Advisor 

Model (SAM) was used to simulate the total purchase power agreement revenue over the 

course of a wind farm life based on parameters entered into the model.  The following 

section will discuss how the SAM Model works, and how it simulates the wake effect that 

occurs with each wind turbine.  Note that all of the information about the SAM model and 

the equations used in the SAM Model comes directly from the Reference Manual for the 

System Advisor Model’s Wind Power Performance Model developed by the National 

Renewable Energy Laboratory (Freeman et al. 2014).  More information about the specific 

parameters used in the SAM model for this study are included in the methods and 

procedures section.  
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3.1.1 SAM’s General Modelling Approach  
In order to simulate the performance of a single wind farm, the SAM model requires 

the following information: 

(1) The wind resource that is used for the area, either as an hourly data file or a 

Weibull statistical distribution. This study uses the Southwest Texas Wind 

Resource File, which contained 8,760 hourly values for wind speed, direction, 

air temperature, and air pressure at multiple turbine heights.  

(2) The wind turbine’s power curve using either a user specified power curve table 

or wind turbine characteristics. The wind power curve in SAM is used to 

calculate the wind turbine’s electrical output for each of the 8,760 hourly values. 

This curve was created using wind turbine characteristics that were defined in 

this study using the US wind turbine database.  

(3) The wind farm layout,  a two-dimensional array that is used to determine wind 

turbine locations. The wind farm layout was necessary to calculate the full extent 

of the wake effect that was present in study area. Wind farm layouts for this 

study was determined by using wind turbine locations.     

Using these inputs, SAM provides an electrical output in kilowatts per hour for each 

of the 8,760 hours in a year. SAM reports these hourly values, along with monthly and 

annual totals of the total amount of electricity produced by a wind farm.  The annual totals 

can then be used to calculate wind turbine profit, by multiplying this total by the price 

received for each kilowatt that is produced. 

3.1.2  SAM’s Estimation of Wake Effect  
The simple wake model is an implementation of a model developed at University 

of Wisconsin Solar Energy Research Center for the TRNSYS simulation platform 



 Texas Tech University, Courtney Baker, May 2021  

15 
 

(Transient System Simulation Tool 2013). The wind speed deficit factor is used to estimate 

wind speed reduction for downwind wind turbines due to the wake effect that is produced 

by wind turbines located upwind.   

To calculate the wind speed deficit factor, The SAM Model has to calculate the 

turbulence intensity for each wind turbine.  Turbulence intensity is defined as the ratio of 

standard deviation of fluctuating wind velocity to the mean wind speed, and it represents 

the intensity of wind velocity fluctuations (Kimura 2016.). SAM calculates the turbulence 

intensity of each wind turbine using equation 3.1.    

𝜎 = #$!!
"
% ∗ '1 − #

$
∗ log	(2 ∗ 𝑟)2

#
+ 𝐶%# (3.1) 

In equation 3.1, 𝜎 is the turbulence intensity of each wind turbine. 𝐶& is the turbine 

thrust coefficient, which is the force that is put on the wind turbine motor. 𝑟  is the 

crosswind or east to west distance between turbines measured in rotor radii. 𝐶%  is the wind 

turbulence coefficient, which was set to the default value for the purposes of this study.   

Once the turbulence intensity of each wind turbine has been calculated, the wind speed 

deficit factor is calculated by SAM as shown in equation 3.2.  

          𝑓'() =
!!

*∗,"∗-"
𝑒.

#"

"∗%"∗&"
/ (3.2) 

In equation 3.2, 𝑓'() is the wind speed deficit factor for each wind turbine, 𝜎 is the 

turbulence intensity factor which was calculated in equation 3.1,  𝑥 is the downwind or 

north to south distance between turbines measured in rotor radii, and  𝑟  is the crosswind 

or east to west distance between turbines measured in rotor radii.  Once the wind speed 
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deficit factor has been calculated, SAM is able to calculate the adjusted wind factor, and 

estimate the total wake effect for the entire wind farm using equation 3.3.  

𝑉0)1 = 𝑉 ∗ (1 − 𝑓'()) (3.3) 

  In equation 3.3,  𝑉0)1 is the adjusted wind speed accounting for wake effect.  𝑉 is 

the wind speed at a neighboring upwind wind turbine. Equation 3.3 is repeated for all 

downwind wind turbines based on the wind farm layout to get an estimate of the total wake 

effect for a wind farm.  

3.2 Economic Framework for Wind Turbine and Agricultural Profitability 
 

The SAM model outputs parameters that are significant in developing an economic 

framework used in this study.  In this study, both wind turbine developers and agricultural 

producers are profit maximizing firms.  The goal of profit maximizing firms is to maximize 

economic profit using the optimal combination of inputs and outputs available to the firm 

to maximize profit. Economic profit is the difference between total revenue and total cost 

for each firm.  Total revenue is calculated using equation 3.4. 

𝑅 = 𝑝 ∗ 𝑞 (3.4) 

In equation 3.4, 𝑅	 is total firm revenue produced at a specific quantity. 𝑞 is the 

quantity of output produced by a firm at a specific price (𝑝).  Economic profit is calculated 

using equation 3.5. 

𝜋 = 𝑅 − 𝐶 (3.5) 

In equation 3.5,  𝜋 is economic profit at a specific quantity,  𝑅 is economic revenue 

at a specific quantity, and  𝐶 is economy cost at a specific quantity. For wind turbine firms,  

	𝜋(𝑤𝑡) = 𝑅(𝑤𝑡) − 𝐶(𝑤𝑡) 
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𝜋(𝑤𝑡) = ?𝑃220 ∗ 𝜑B − 𝐶(𝑤𝑡) (3.6) 

 

 In equation 3.6, 𝜋(𝑤𝑡) is the total profit received by wind turbine developers. 

𝑅(𝑤𝑡) is the total revenue that is received by wind developers. Total wind turbine revenue 

is calculated as price for producing a certain amount of energy times the quantity of energy 

produced.  𝑃220  is the price outlined in the purchase power agreement (PPA).  The PPA is 

an agreement between wind turbine developers and utility companies, which sets the price 

that wind turbine developers receive per kilowatt of energy produced.  𝜑  is the total amount 

of kilowatts of electricity produced by each wind turbine in the wind farm. 𝐶(𝑤𝑡) is the 

cost associated with wind turbine development, which is the payment to landowners for 

the use of the land.  For agricultural producers, 

𝜋(𝑎𝑔) = 𝑅(𝑎𝑔) − 𝐶(𝑎𝑔) (3.7) 

				𝜋(𝑤𝑡) = E?𝑃03 ∗ 𝑞03B + 𝐶(𝑤𝑡)F − 𝐶(𝑎𝑔) 

In equation 3.7, 𝜋(𝑎𝑔) is the profit received by agricultural producers.	𝑅(𝑎𝑔) is the 

total revenue that is received by agricultural producers. Total agricultural revenue is 

calculated as the per acre amount of crops produced times the price per acre of crops. 

Agriculture producers will also receive revenue from wind turbine developers for the use 

of their land in wind turbine development.    𝑃03 is the price per acre for various crops,	𝑞03  

is the amount of land that is available for agricultural production, and 𝐶(𝑎𝑔) is the cost 

associated with agricultural production, i.e., the loss in potential profit for agriculture 

producers when the land is being used for wind power instead. 
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Building upon the basic economic framework, a conceptual framework can be used 

explain how policy influences the revenue that is made by wind turbine developers.     

3.3 In-Depth Conceptual Framework 

The conceptual framework in Figure 3-1 was developed based on the 

interconnected relationships between the kilowatts produced, payment structure, and 

policy. Policy has a direct effect on the wake effect, the production tax credit, and the 

purchase power agreement. 

 

Figure 3-1 Conceptual Framework 

 

Policymakers can set wind rights or issue ordinances requiring a minimum amount 

of space between two wind turbines, reducing the magnitude of the wake effect. The 

reduction in the magnitude of the wake effect will increase the amount of kilowatts 

produced by each wind farm, increasing the profit made by each wind farm. 
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 Policy also has a direct impact on the production tax credit. The production tax 

credit is a tax credit received by developers who construct renewable energy projects.  In 

the early 2000’s, the production tax credit allowed developers to take an initial tax credit 

of 1.5 cents per kilowatts hour of    energy produced (Walker & Swift 2015). The tax credits 

that were received by developers increased the benefits of wind turbines relative to the 

costs of building the wind turbines, which led to an increase in the number of wind farms 

that were built, increasing the total amount of kilowatts that were produced.  

The production tax credit for wind energy development is set up differently since 

its extension in 2016. According to Kent, “The PTC provided a 2.4 cent per kilowatt-hour 

tax credit for the first ten years for commercial wind. The credit is applied to federal tax 

liability. The PTC is being reduced to 80 percent of current value for projects in which 

construction was initiated in 2017, 60 percent for 2018, 40 percent for 2019, and then 

eliminated. Projects started prior to those dates are grandfathered in.”  As a result, the total 

amount of kilowatts produced should decrease from 2016 to 2020. 

  Policymakers can influence the PPA by setting a minimum price that utility 

companies should pay to wind turbine developers for the kilowatts produced. Additionally, 

the government can set limits on the amount of power that utility companies have on the 

grid at any time which could influence the structure of the PPA between wind turbine 

developers and utility companies.  These limits on the PPA will affect the price that wind 

turbine producers will receive for the kilowatts produced by the wind farm having a direct 

impact on the total revenue made by wind turbine producers.  

The wake effect, the production tax credit, and the purchase power agreement all 

impact the total amount of revenue made by wind turbine producers. The total amount of 
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revenue made by wind turbine producers is then reduced by wind turbine costs. Wind 

turbine costs are difficult to estimate because there are many different contracts that can be 

used between land owners and wind turbine developers. In the report developed by Kent 

(2019), it is stated that landowners with wind turbines typically receive as payment a rental 

payment between $2000 and $10,000 per turbine per year, a royalty payment between 2%  

and 4% of gross revenue, or some combination of a fixed minimum rent and  royalty payment 

structure. 

  The assumptions made about profitability of   wind turbines in this study calculated 

profitability at the lower end of the spectrum recommended by Kent (2019). Profitability 

was calculated at the lower end of the spectrum purposefully, because if estimates on the 

lower end spectrum have a significant effect on agricultural land value then it is likely that 

estimates at higher end      of the spectrum will also be significant.  Therefore, in this study it 

is assumed that landowners will receive $2000 per wind turbine per year as a fixed rent 

payment, and a royalty payment of 2 percent of the purchase  power agreement (PPA) 

revenue received by wind turbine developer. 
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CHAPTER  IV 

METHODS & PROCEDURES 

4.1 Study Area  
 

The criteria were applied for selection into the study area: wind turbine presence, a 

high percentage of land used for agricultural production, and land parcel information 

availability.  Wind turbine presence was defined as occurring in any Texas county which 

had multiple wind turbines.  A high percentage of land used for agricultural production was 

defined as any county which had 25% of its total area used for agricultural production.  

Land parcel information availability was determined by checking that the county appraisal 

districts uploaded parcel information to the Texas Natural Resource Information System 

(TNRIS).  These criteria were used to ensure that this study was focused specifically on 

how wind turbines effected agricultural land values.    

The Federal Aviation Administration (FAA) obstacle dataset contains all of wind 

turbine locations in the United States as GPS coordinates. The FAA dataset is updated on 

regular basis For this study, the FAA dataset contained all the wind turbine location 

information as of December 23, 2019. The coordinates in the FAA Obstacle Dataset were 

converted into longitude and latitude coordinates so that these coordinates could be used 

in ArcMap version 10.5.1, which is the software used to select the study area. In ArcMap, 

an XY event layer tool was used to create a point layer of the wind turbines in Texas based 

on the coordinates in the FAA dataset as shown in Figure 4-1. This FAA dataset indicated 

that there were currently 15,200 wind turbines in Texas as of December 2019. 
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Once wind turbine locations were determined, counties which had 25% of land used 

for agricultural production were selected as shown by Figure 4-1, using both the 2010 

United States Census, and the National Agricultural Statistics Service (NASS) 2017 

Census of Agriculture County Level Data for Texas. This data set was collected several 

years ago, but was the most recent which covered the full extent of the potential study area.  

Data on the number of acres harvested in each county were collected, and harvested acres 

was used as a proxy for agricultural land, because harvested land is productive agricultural 

land. Harvested acres values were converted from acres to square miles, because the U.S. 

Census has data on the total area of Texas counties in square miles. Once harvested acres 

were converted into square miles, it was possible to determine the percentage of land used 

for agriculture in each county.  In this study it was assumed that counties which had a 

percentage of harvested land greater than or equal to 25% had a high percentage of 

agricultural land.  

Figure 4-1: Texas Counties with 25% 
Agricultural Production 
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Finally, for a county to be included as part of the study area, land parcel data must 

be available for the area, because the appraised market values for each parcel come directly 

from land parcel data available from TNRIS. This data is current as of 2019 and 

corresponds to Texas County Appraisal districts. The counties that were selected as study 

area were Crosby, Floyd, and Hale. Crosby, Floyd, and Hale were selected because these 

counties have similar demographic characteristics, economic characteristics, and land use 

patterns. Additionally, Crosby, Hale, and Floyd currently contain 5.25% of all the wind 

turbines present in Texas. This left a total of 41,688 parcel records which could potentially 

be used in this study. The Delete Identical tool in ArcMap was then used to delete any 

records that had same parcel ID within one county. This prevented duplicated records from 

being in the study area. Additionally, any parcel records which contained a market-value 

of zero were deleted from the dataset, because for the purposes of this study where market-

value is being used as a proxy for agricultural land values it doesn’t make sense for the 

market value to be zero.   

However, when market-values with a value of zero were selected in ArcGIS using 

the select by attribute tool, it became apparent that Crosby county had coded the market-

value of each parcel to be $0.00 even though this was not the case. Therefore, it was 

necessary to use data collected manually directly from the Crosby county appraisal district 

on the market-value of parcels containing wind turbines and the nearest neighbors of these 

parcels. This was done so that not all the data were lost for Crosby county when market 

values which were zero were deleted from dataset.  This led to the study area having a total 

of 24,499 possibly usable records before running the propensity score matching method in 

SPSS. 
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4.1.1 Propensity Score Matching 
Propensity Score Matching was first developed by Rosenbaum and Rubin in 1983.  

The Propensity Score is the conditional probability of assignment to a treatment given a 

vector of observed covariates (Rosenbaum and Rubin, 1983). The propensity score 

matching method is useful because it removes selection bias that could potentially be 

present in other methods. In the case of this study, this is useful because neighboring 

parcels which do not have wind turbines could still be experiencing spillover effects from 

wind turbine presence creating bias in the results. In this case, the treatment is the presence 

of the wind turbine on a real estate land parcel. Using propensity score matching, it is 

possible to randomly select parcels which are identical or close matches of parcels 

containing wind turbines. In order to be sure that the propensity score matching is as 

accurate as possible the full extent of parcel data from Crosby, Floyd, and Hale counties 

was used.  Parcels were excluded if the parcels were duplicates, or parcels contained a 

market value of zero skewing the results of the parametric matching.  However, in order to 

test the extent to which parcels in the selected study area are effected by wind turbine 

profitability, it was necessary to estimate wind turbine profitability and agricultural 

profitability.  

Propensity score matching was done using the propensity score matching tool in 

SPSS.  A total of 24,804 parcel records were used for the propensity score matching is 

SPSS.   The grouping variable was the presence of wind turbines on parcels.  A total of 375 

parcels contained wind turbines in the dataset, while the remaining 24,429 parcels 

contained no wind turbines.  Match tolerance in the propensity score matching method 

could be any number between zero and one. Zero indicates that only exact matches would 

be included in the propensity score matching results, while one indicates that any control 
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variable would match with any case. For the purposes of this study, a match tolerance of 

0.35 was used, because it was unlikely that any exact matches would be found. However, 

it was still important that the propensity score matching not match with any control 

variable, which is why a relatively low match tolerance of 0.35 was used.    

GIS area, legal area, land value, improvement value, market value, Floyd, and Hale 

were the predictors in the logistic regression created by the propensity score matching.  GIS 

area is the total area of a parcel in acres. Legal area is the total area in acres in the deed 

with the landowner’s name.  Land value is the value of the land that makes up the parcel 

not considering any other factors. Improvement value is the value of any improvements 

which have been made on the parcel. Market value is the total market value of each parcel. 

Floyd is a dummy variable which indicates whether a parcel is located in Floyd county, 1 

indicates that a parcel was present in Floyd county, and 0 otherwise. The same coding was 

implemented for the Hale county dummy variable. The Wald test generated by the 

propensity score matching method indicates that GIS Area, improvement value, market 

value, Floyd, and Hale were all significant variables in logistic regression.  A total of 375 

parcels were selected from 24,429 parcels without wind turbines as fuzzy matches for the 

parcels that did contain wind turbines.  

4.2 Wind Turbine Profitability  

  Before running any T-test, it was necessary to estimate both wind turbine 

and agricultural profitability. Wind turbine profitability was estimated for each wind farm 

that was present in Crosby, Floyd, and Hale counties. This was so that the impacts of 

potential wake effects on wind turbine revenue could be properly calculated.  Many of the 

default parameters for modelling in the System Advisor Model (SAM) were selected 
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because many of the values for the parameters are unknown unless the person in question 

is the current operator of the wind farm in question.   However, the following parameters 

were input manually into SAM from other sources.  

The Southwest Texas Wind Resource File was developed by the National 

Renewable Energy Lab (NREL) and contains atmospheric information about the study 

area. SAM allows users to automatically select a Wind Resource File for a specific study 

area when starting a new simulation.  Atmospheric information is important because factors 

such as wind speed and level of potential icing can impact how many kilowatts of energy 

are produced by each wind turbine. Information about wind turbine characteristics, such as 

rotor diameter, hub height, rated output, and turbine manufacturer were obtained from U.S. 

wind turbine database or automatically generated by SAM when a specific turbine model 

was selected.  Wind turbine characteristics are important because wind turbines have a 

maximum capacity or nameplate capacity of the amount of electricity that can be produced 

by a signal wind turbine.  

Grid curtailments are a limit set by the government or a utility company on how 

much power can be provided to the power grid by an electrical company at any given time, 

Grid curtailment information for the study area was found in the dataset used by the 2018 

Wind Technologies Market Data Report. The capital cost of building each wind farm was 

determined by NREL Cost and Scaling model built into SAM. The cost and scaling model 

approximates the total cost of building a wind farm for a wind turbine developer in 2016.  

However, this shouldn’t affect the current model too much, because capital cost of building 

wind turbines will not impact the total purchase power agreement revenue. The average 

price for the Purchase Power Agreement (PPA) for our study area was found in the dataset 
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used by the 2018 Technologies Market Data Report. The investment and production tax 

credit were obtained using the dataset in the 2018 Wind Technologies Report, and the 

information about tax credits given by Kent (2019).  

Once all of the parameters have been input into SAM, it is possible to run the 

simulation and get a variety of possible outputs back. For example, it is possible to see an 

estimate of number of kilowatts produced for each year of a wind turbine’s lifetime.  In 

this study, the output that was focused on was the annual purchase power agreement 

revenue that a wind farm will receive in 2020 from a utility company. This is because it is 

assumed that a portion of this revenue will be paid to landowners as part of a royalty for 

allowing wind turbine developers to use that land along with a fixed rental payment based 

on the number of wind turbines that are present on a particular parcel.  Wind turbine 

profitability for each parcel containing a wind turbine was calculated using the following 

equations. 

𝐹𝑅 = 2000 ∗ 𝜔 (4.1) 

In equation 4.1, FR is the fixed rent that the landowner receives, and	𝜔 is the 

number of wind turbines in a single parcel. Fixed rent is a set amount of rent paid to the 

landowner based on the number of wind turbines present in a parcel. Fixed rent in this 

study ranges from 2,000 to 16,000, because the maximum of wind turbines that a single 

parcel can hold is 8 wind turbines.  

	𝜋'% = E(5''(∗6.6#)
9

∗ 1.04F + 𝐹𝑅 (4.2) 

In Equation 4.2, 𝜋'% is the total wind turbine profit received by landowners in 2021. 

𝑅::; is the total revenue made by wind turbine developers from the purchase power 

agreement made with utility companies, and  𝜌  is the number of parcels covered by a wind 
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farm.		𝑅::; was multiplied by 0.02 and divided by	𝜌 to get the total royalty payment that 

landowners will receive. This royalty payment was then multiplied by 1.04 to convert the 

royalty payment into 2021 dollars.   The royalty payment and fixed rent were then added 

together to get total wind turbine profit.  

4.3 Agricultural Profitability  

    Agricultural profit needed to be estimated for the parcels selected by the 

propensity score matching method, to see if there was a significant difference in total profit 

made by landowners who had parcels with wind turbines and those who did not have wind 

turbines.  To estimate agricultural profit, the crop types present in the study area were 

determined by using the NASS cropland data layer accessed through the CropScape web 

service. CropScape is a geo-referenced raster that provides information about crop-specific 

land cover. By overlaying the cropland data layer on top of the study area it was possible 

to determine what crops if any were present in a specific parcel.  

  Based on CropScape, the three crops which were must common to this study area 

were cotton, winter wheat, and grain sorghum. Only cotton, winter wheat, and grain 

sorghum were considered in this study, because these crops were all row crops and the 

most prominent crops in the study area. Focusing on only row crops allows this study to 

make a generalization about the total land area permanently impacted by wind turbine 

development that would otherwise not be possible.   Appendix II shows a map of the study 

area, overlaid with the CropScape dataset.   

Using Cropscape, it was possible look at each parcel individually and the study area 

as a whole to determine relative proportions of each crop, across the study area. This was 

used to develop equations to estimate potential agriculture profit for each parcel. In order 
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to obtain accurate estimates of agricultural profit, estimates of revenue per acre needed to 

be collected.  Estimates of revenue per acre in 2020 for dryland wheat, dryland cotton 

herbicide tolerant, and irrigated sorghum were collected from Texas A&M AgriLife 

Extension budget for district two.  With this information it was possible to estimate 

agriculture profit using the following equations:  

𝜋<! = 𝐴 ∗ 𝑅<!  (4.3) 
 

In equation 4.3,  𝜋<!  is agricultural profit for parcels containing only dryland 

cotton.  𝐴  is the area in acres for each parcel.  𝑅<!  is the profit per acre of dryland cotton 

as estimated by the Texas A&M AgriLife extension budget. 

𝜋<= = 𝐴 ∗ 𝑅<= (4.4) 

In equation 4.4,  𝜋<= is agricultural profit for parcels containing only dryland 

wheat.   𝑅<= is the profit per acre of dryland wheat as estimated by the Texas A&M 

AgriLife extension budget. 

𝜋>? = 𝐴 ∗ 𝑅>?  (4.5) 

In equation 4.5,  𝜋>? is agricultural profit for parcels containing only irrigated grain 

sorghum.    𝑅>? is profit per acre of irrigated grain sorghum as estimated by the Texas A&M 

AgriLife extension budget. 

𝜋!? =	 (𝐴 ∗ 𝑅<! ∗ 0.60) + (𝐴 ∗ 𝑅>? ∗ 0.40)  (4.6) 

In equation 6,  𝜋!? is agricultural profit for parcels containing both dryland cotton 

and irrigated grain sorghum.  Dryland cotton will make up 60% of agricultural profit while 

the remaining 40% of profit will be made up of irrigated grain sorghum.   

𝜋=? =	 (𝐴 ∗ 𝑅<= ∗ 0.60) + (𝐴 ∗ 𝑅>? ∗ 0.40) (4.7) 
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In equation 4.7,  𝜋=? is agricultural profit for parcels containing both dryland wheat 

and irrigated grain sorghum. Dryland wheat will make up 60% of agricultural profit while 

the remaining 40% of profit will be made up irrigated grain sorghum.   

𝜋!= =	 (𝐴 ∗ 𝑅<! ∗ 0.60) + (𝐴 ∗ 𝑅<= ∗ 0.40) (4.8) 

In equation 4.8,  𝜋!= is agricultural profit for parcels containing both dryland 

cotton and dryland wheat. Dryland cotton will make up 60% of agricultural profit while 

the remaining 40% of profit will be made up of dryland wheat.   

𝜋!=? =	(𝐴 ∗ 𝑅<! ∗ 0.60) + (𝐴 ∗ 𝑅<= ∗ 0.20) +	(𝐴 ∗ 𝑅>? ∗ 0.20)  (4.9) 

In equation 4.9,  𝜋!=? is agricultural profit for parcels containing dryland cotton, 

dryland wheat, and irrigated sorghum. Dryland cotton will make up 60% of agricultural 

profit, dryland wheat will make up 20% of agricultural profit, and the remaining 20% of 

agricultural profit will be made up irrigated grain sorghum. 

Using these equations, potential agricultural profit was determined for all of the 

parcels selected by the propensity score matching method. Before the variables of interest 

(i,e. appraised market value, appraised  improved value,  appraised land value, agriculture 

profit, and total profit.) could be tested for significance, the variables were checked for a 

normal distribution, by looking at the skewness and kurtosis of the variables in question. 

All the variables showed a very high level of kurtosis and skewness, which means that it 

was necessary to normalize all of the variables. 

Variables were normalized by dividing each variable by the total number of acres 

that each parcel contained.  This method for normalization was used instead of the log 

transformation because this method of normalization allowed the result to be interpreted 

on a per acre basis.  In order to normalize agricultural profit, the number of acres available 
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for agriculture production in each parcel needed to be estimated.  This was done to prevent 

agricultural profit and total profit from being overestimated when wind turbines were 

present. Equation 4.10 was used to estimate the number of acres available for agricultural 

production. 

∀= 𝐴 − (?(0.24 ∗ 2.47105) ∗ 2.5B ∗ 𝜔) 4.10 

∀= 𝐴 − (1.48263 ∗ 	𝜔) 

In equation 4.10, ∀ is the number of acres available for agricultural production. 𝜔 

is the number of wind turbine in a single parcel. A value of 0.24 is the median amount of 

land per hectare of row crops that is permanently impacted per MW produced by wind 

turbines as estimated by Denholm et al (2009). 0.24 is multiplied by 2.47105 to get the 

median amount of land per acre of row crops that is permanently impacted per MW 

produced by wind turbines.  2.5 is the approximate average MW capacity of wind turbines 

as estimated by Wiser et al. (2018), hence 1.48263 is the median amount of land per acre 

of row crops that is permanently impacted per wind turbine. 
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CHAPTER V 

RESULTS 

5.1 SAM Model Results 
 

SAM profitability simulations were developed for Cotton Plains Wind, Hale Wind, 

Longhorn Wind, Lorenzo Winds, Old Settler, Pleasant Hill, Ralls Wind, South Plains, 

South Plains II, Wake, and Whirlwind Energy Center. Table 5-1 gives the profitability 

combinations for the study area based on the SAM simulation results for each wind farm.  

The following section will discuss the basic characteristics and SAM profitability results 

for each wind farm in greater detail.  Note that the royalty numbers given in the following 

sub-sections are average per parcel amounts. 

Table 5-1 Profitability Combinations  

 

 

 

 

Wind Farms Royalty Payment 
Per Parcel (2021$) 

Fixed Rent Total Wind 
Turbine Profit 

Cotton Plains 1,563 2,000-4,000 3,563-5,563 
Hale Wind Turbine Type One 4,854 2,000-4,000 6,854-8,854 
Hale Wind Turbine Type Two 2,642 2,000-8,000 4,624-10,642 

Hale Wind Turbine Both 7,496 4,000-14,000 11,496-21,496 
Longhorn Wind 7,137 2,000-16,000 9,137-23,137 
Lorenzo Wind 2,615 2,000-6,000 4,615-8,615 

Old Settler 1,790 2,000-8,000 3,790-9,790 
Pleasant Hill 6,909 2,000-6,000 8,909-12,909 
Rails Wind 13,584 4,000-6,000 17,584-19,584 
South Plains 7,512 2,000-12,000 9,512-19,512 

South Plains II 7,438 2,000-10,000 9,438-17,438 
Wake 3,338 2,000-12,000 5,338-15,338 

Whirlwind Energy Center 79,535 2,000-12,000 81,535-91,535 
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5.1.1 Cotton Plains Wind Farm 
Cotton Plains wind farm has a total of 21 wind turbines that were built in Floyd 

County in 2017.A map showing the extent of Cotton Plains wind farm is shown in Figure 

5-1.  The turbine manufacturer is GE Wind (Model=GE2.4-107), and each wind turbine 

has a nameplate megawatt (MW) capacity of 2.4 MW.  SAM profitability results are 

available from 2017 when the wind turbines were initially built, and are projected through 

2041. Landowner royalty payments per parcel for Cotton Plains wind farm range from 

$1,517.00 in 2017 to $1.927.00 in 2041. The projected profitability results for Cotton 

Plains wind farm are shown by Table 1 in Appendix I.  

  In 2020, landowner royalty payments were $1,563.00, which means that each 

landowner that had a parcel covered by the Cotton Plains wind farm received an additional 

$1,563.00 as a royalty payment. Fixed rent for each parcel ranged from $2,000.00 to 

$4,000.00, which means that total profit received by the landowners for having a wind 

turbine ranged from $3,563.00 to $5,563.00.   

Figure 5-1 Cotton Plains Wind Farm 
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5.1.2 Hale Wind Farm 
Hale Wind has a total of 226 wind turbines, which were built in 2019 in Hale 

County.  The extent of Hale Wind is shown in the map in Figure 5-2.  Hale Wind had to be 

split up into two different SAM simulations.  This is because it was composed of two 

different types of turbines.  Different turbines have different net capacity factors and 

characteristics, which will affect the amount of profit that can be made by the wind farm. 

The turbine manufacturer for both wind turbine types is Vestas (Model=V116-2.0; V110-

2.0), and each wind turbine has a nameplate MW capacity of 2.0 MW.   The difference 

between these two turbine types is that turbine type one is taller than turbine type two, 

which means that turbine type one can take advantage of faster wind speeds.  

SAM profitability results start in 2019 when the wind turbines were initially built 

and are projected through 2043. Landowner royalty payments per parcel for Hale wind 

farm range from $4,806.00 in 2019 to $6,108.00 in 2043 for turbine type one, and from 

$2,615.00 in 2019 to $4,470.00 in 2043 for turbine type two. The projected results for Hale 

Wind are shown by Tables 2 and 3 in Appendix I. 

In 2020, landowner royalty payments for turbine type one was $4,854.00,   which 

means that each landowner that had a parcel covered by Hale Wind farm received an 

Figure 5-2 Hale Wind Farm 
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additional $4,854.00 as a royalty payment. Fixed rent for each parcel ranged from 

$2,000.00 to $4,000.00, which means that total profit received by the landowners for 

having a wind turbine ranged from $6,854.00 to $8,854.00. In 2020, landowner royalty 

payments for turbine type two were $2,642.00, resulting in an additional $2,642.00 as a 

royalty payment. Fixed rent for each parcel ranged from $2,000.00 to $8,000.00, which 

means that total profit received by the landowners for having a wind turbine ranged from 

$4,624.00 to $10,642.00.  

When both wind turbine types were present in a single parcel, a mean royalty 

payment of was used. In 2020, landowner royalty payments for turbine types one and two  

(both) were $3,748.00.  Each landowner in this case received $3,748.00 as a royalty 

payment. Fixed Rent for each parcel ranged from $4,000.00 to $14,000.00, which means 

that total profit received by the landowners for having a wind turbine ranged from 

$7,748.00 to $17,748.00. 

5.1.3 Longhorn Wind Farm 
Longhorn Wind has a total of 58 wind turbines, which were built in Floyd County 

in 2015.  Figure 5-3 shows a map of the extent of Longhorn Wind Farm. The turbine 

Figure 5-3 Longhorn Wind Farm 
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manufacturer is Vestas (Model=V100-2.00), and each wind turbine had a nameplate MW 

capacity of 2.0 MW.  SAM profitability results start in 2015 when the wind turbines were 

initially built and are projected through 2039. Landowner royalty payments per parcel for 

Longhorn wind farm range from $6,791.00 in 2017 to $7,137.00 in 2041. The projected 

results for Longhorn Wind Farm are shown by Table 4 in Appendix I.  

In 2020, landowner royalty payments for Longhorn Wind were $7,137.00, and 

fixed rent for each parcel ranged from $2,000.00 to $16,000.00, which means that total 

profit received by the landowners for having wind turbines on the parcel ranged from 

$9,137.00 to $23,137.00. 

5.1.4 Lorenzo Winds Farm 
Lorenzo Winds has a total of 32 wind turbines, which were built in Crosby County 

in 2018. Figure 5-4 shows a map of the extent of Lorenzo Wind farm. Note that two of 

wind turbines in Lorenzo Winds farm were a different model than the rest of wind turbines. 

In this case it was not necessary two run different simulations in SAM, because the majority 

of the wind turbines were the same model. The Turbine manufacturer is GE Wind 

(Model=GE2.3-116), and each wind turbine has a nameplate MW capacity of 2.3 MW.   

SAM profitability results start in 2018 and are projected through 2042. The royalty 

Figure 5-4 Lorenzo Winds Farm 
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payments per parcel for Lorenzo Winds farm range from $2,563.00 in 2017 to $3,254.00 

in 2042. The projected results for Lorenzo Wind Farm are shown in Table 5 in Appendix 

I.  

In 2020, landowner royalty payments for Lorenzo Winds were $2,615.00, and fixed 

rent for each parcel ranged from $2,000.00 to $6,000.00, which means that total profit 

received by the landowners for having a parcel with wind turbines ranged from $4,615.00 

to $8,615.00. 

5.1.5 Old Settler Wind Farm 
Old Settler Winds has a total of 63 wind turbines, which were built in Floyd County 

in 2017. Figure 5-5 is a map that shows the extent of Old Settler Winds farm. The turbine 

manufacturer is GE Wind (Model=GE2.4-107), and each wind turbine had a nameplate 

MW capacity of 2.4 MW.  SAM profitability results start in 2017 when the wind turbines 

were initially built, and are projected through 2041. Landowner royalty payments per 

parcel for Old Settler Wind farm range from $1,737.00 in 2017 to $2,026.00 in 2041. The 

projected results for Old Settler Wind Farm are shown in Table 6 in Appendix I.  

Figure 5-5 Old Settler Wind Farm  



 Texas Tech University, Courtney Baker, May 2021  

38 
 

In 2020, landowner royalty payments for Old Settler Winds were $1,790.00,   and 

fixed rent for each parcel ranged from $2,000.00 to $8,000.00, which means that total profit 

received by the landowners for having a wind turbine ranged from $3,790.00 to $9,790.00. 

5.1.6 Pleasant Hill Wind Farm 
Pleasant Hill Wind Farm has a total of 9 wind turbines, which were built in Crosby 

County in 2015. A map of the extent of Pleasant Hill Wind Farm is shown in Figure 5-6. 

Note that three of the turbines were a different model than the rest of wind turbines. In this 

case, two different simulations were not run in SAM, because Pleasant Hill Wind Farm is 

relatively small and splitting the sample size in two would have impacted the calculation 

of the wake effect associated with Pleasant Hills Wind farm.   The Turbine manufacturer 

is Sany (Model=SE9302IIE; SE10220E), and each wind turbine had a nameplate MW 

capacity of 1.8 MW.   SAM profitability results start in 2015 when the wind turbines were 

initially built, and are projected until 2039. Landowner royalty payments per parcel for 

Pleasant Hill Wind farm range from $6,574.00 in 2017 to $8,347.00 in 2039. The projected 

results for Pleasant Hill Wind Farm are shown by table 7 in Appendix I.  

Figure 5-6  Pleasant Hill Wind Farm 
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In 2020, landowner royalty payments for Pleasant Hills wind farm were $6,909.00, 

and. fixed rent for each parcel ranged from $2,000.00 to $6,000.00, giving a total profit 

received by the landowners ranged from $8,909.00 to $12,909.00. 

5.1.7 Ralls Wind Farm 
Ralls Wind farm has a total of 5 wind turbines, which were built in Crosby County 

in 2011. A map of the extent of Ralls Wind farm is shown by Figure 5-7.  The Turbine 

manufacturer is Sany (Model=SE8720IIIE), and each wind turbine had a nameplate MW 

capacity of 2.0 MW.  SAM profitability results start in 2011, and are projected until 2035. 

Landowner royalty payments per parcel for Ralls Wind farm range from $12,450.00 in 

2011 to $15,700.00 in 2035. The projected results for Ralls Wind farm are shown by Table 

8 in the Appendix I. 

In 2020, landowner royalty payments for Ralls Wind farm were $13,584.00. Fixed 

rent for each parcel ranged from $4,000.00 to $6,000.00, which means that total profit 

received by the landowners for having a parcel with wind turbines ranged from $17,584.00 

to $19,584.00. 

Figure 5-7 Ralls Wind Farm 
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5.1.8 South Plains Wind Farm 
South Plains wind farm has a total of 100 wind turbines, which were built in Floyd 

County in 2015. Figure 5-8 is a map of the extent of South Plains Wind Farm. The turbine 

manufacture is Vestas (Model=V100-2.0), and each wind turbine had a nameplate MW 

capacity of 2.0 MW.   SAM profitability results start in 2015 when the wind turbines were 

initially built and are projected until 2039. Landowner royalty payments per parcel for 

South Plains wind farm range from $7,148.00 in 2015 to $9,076.00 in 2039. The projected 

results for South Plains are shown in Table 9 in Appendix  I.  

In 2020, landowner royalty payments for South Plains Wind farm were $7,512.00,   

which means that each landowner that had a parcel covered by South Plains Wind received 

an additional $7,512.00 as a royalty payment. Fixed Rent for each parcel ranged from 

$2,000.00 to $12,000, which means that total profit received by the landowners for having 

wind turbines ranged from $9,512 to $19,512. 

Figure 5-8 South Plains Wind Farm 
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5.1.9 South Plains II Wind Farm 
South Plains II Wind Farm has a total of 91 wind turbines, which were built in 

Floyd County in 2016.  A map of the extent of South Plains II wind farm is shown by 

Figure 5-9.  The turbine manufacture is Vestas (Model=V117-3.3), and each wind turbine 

had a nameplate MW capacity of 3.3 MW.   SAM profitability results start in 2016 when 

the wind turbines were initially built and are projected until 2040. Landowner royalty 

payments per parcel for South Plains Wind II farm range from $7,148.00 in 2016 to 

$9,076.00 in 2040. The projected results for South Plains Wind II Farm are shown by Table 

10 in Appendix I.  

In 2020, landowner royalty payments for South Plains Wind farm II were 

$7,438.00,  which means that each landowner that had a parcel covered by South Plains 

Wind received an additional $7,438.00 as a royalty payment, while fixed rent for each 

parcel ranged from $2,000.00 to $10,000, for a total profit received by the landowners 

ranged from $9,438 to $17,438. 

Figure 5-9  South Plains II Wind Farm 
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5.1.10 Wake Wind Farm 
Wake Wind farm has a total of 145 wind turbines, which were built in Floyd and 

Crosby County in 2016.  A map of the extent of Wake Wind farm is shown by Figure 5-

10. The Turbine manufacture is GE Wind (Model=GE1.715-10), and each wind turbine 

had a nameplate MW capacity of 1.75 Megawatts per wind turbine. SAM profitability 

results start in 2016 when the wind turbines were initially built and are projected until 2040. 

Landowner royalty payments per parcel for Wake Wind farm range from $3,207.00 in 2016 

to $4,073.00 in 2040. The projected results for Wake Wind Farm are shown by Table 11 

in Appendix I. 

In 2020, landowner royalty payments for Wake Wind farm were $3,338.00,   which 

means that each landowner that had a parcel covered by Wake Wind received an additional 

$3,338.00 as a royalty payment. Fixed rent for each parcel ranged from $2,000.00 to 

$12,000.00, which means that total profit received by the landowners for having a wind 

turbine ranged from $5,338.00 to $15,338.00. 

5.1.11 Whirlwind Energy Center  
Whirlwind Energy Center has a total of 26 wind turbines, which were built in Floyd 

County in 2007.  Figure 5-11 shows a map of the extent of Whirlwind Energy Center. The 

Figure 5-10  Wake Wind Farm 
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Turbine manufacture is Siemens (Model=SWT-2.3-93), and each wind turbine had a 

nameplate MW capacity of 2.0 Megawatts per wind turbine.   SAM profitability results 

start in 2007 when the wind turbines were initially built and are projected through 2031. 

Landowner royalty payments per parcel for Whirlwind Wind energy center range from 

$69,885.00 in 2007 to $88,735.00 in 2031. The projected results for South Plains Wind 

Farm are shown by Table 12 in Appendix I.  

In 2020, landowner royalty payments for Whirlwind Energy Center were 

$79,535.00,   which means that each landowner that had a parcel covered by Whirlwind 

Energy Center received an additional $79,535.00 as a royalty payment. Fixed Rent for each 

Figure 5-11 Whirlwind Energy Center 
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parcel ranged from $2,000.00 to $12,000.00, which means that total profit received by the 

landowners for having a wind turbine ranged from $81,535.00 to $91,535.00. 

  Whirlwind Energy Center has a much higher simulated wind turbine profit than the 

other wind farms for several reasons. First, Whirlwind Energy Center is the oldest wind 

farm in the area, and SAM has a built-in assumption that purchase power agreement 

revenue will increase over time. Secondly, Whirlwind Energy Center has fewer wind 

turbines, which diminishes the overall wake effect.   Finally, Whirlwind Energy Center has 

a much higher production tax credit than the wind farms which have been built more 

recently and are subject to the new regulation regarding the production tax credit.    

5.2 Summary Statistics 
 

Once SAM was used to calculate wind turbine profitability for 2020, independent 

samples t-tests were conducted to see if wind turbine presence significantly affected 

appraised market value, appraised land value, appraised improvement value, agricultural 

profit, and profit in 2020.  The following section will summarize the independent T-test 

results for each variable of interest in greater detail.    

However before conducting independent samples t-tests, it is useful to have summary 

statistics for each of these variables so that there is a frame of reference when the results 

are being interpreted.   Table 5-2 contains the summary statistics of each of the variables 

of interest for this study.  

Table 5-2 Descriptive Statistics 

Variable Sample 
Size 

Minimum Maximum Mean Kurtosis 

Market Value 747 0.00 1,575,779.94 77,710.21 16.790 
Land Value 747 0.00 121,309.17 5.251.08 30.154 
Improvement Value 747 0.00 1,466,861.70 71,683.96 16.657 
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Agricultural Profit 747 0.00 364.91 135.84 -1.808 
Profit 747 0.00 481.06 150.74 -1.726 

 

The summary statistics indicate that normalized market value, normalized land 

value, and normalized improvement value all have a high level of kurtosis.  This is because 

the dataset contained several cases of parcels without wind turbines which had low acreage 

and very high improvement values, causing the mean market value. to increase 

substantially for non-agricultural land. The number of parcels which followed this pattern 

was very high and removing these parcels would decrease the sample size significantly.   

 The dataset contained several cases where neither agricultural profit or wind 

turbine profit were present for parcels not containing wind turbines. This trend likely 

occurred because the parcels contained grazing or fallow land which is not being 

considered in this study. However, this trend was decreasing the mean profit for parcels 

not containing wind turbines.   

This shows that estimating the impact of wind turbines on agricultural land value 

in West Texas is very difficult because it is hard to account for how other factors such as 

high improvement value will affect land value. Therefore, in order to get as close of an 

estimate to the actual effect of wind turbines on agricultural land values and profit, two 

different scenarios were considered.  Scenario one tried to isolate the effect of wind 

turbines on market values by subtracting appraised improvement values from appraised 

market values, and by eliminating any parcels that had less than ten acres.  In scenario two, 

any parcels with a profit of zero were removed from the dataset to prevent profit from 

decreasing because neither agriculture profit or wind turbine profit were present.  
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5.3 Scenario One 

5.3.1 Normalized Market Value Excluding Improvements 
Normalized market value excluding improvements in scenario one is a 

normalization of the appraised market value minus the appraised improvement value. This 

ensures that high improvement values will not influence the results of the independent 

sample T-test. The normalized market value excluding improvements was calculated on a 

per acre basis by dividing the appraised market value per parcel by the number of acres 

present in each parcel. Additionally, all parcels which had less than 10 acres were excluded 

from the sample to make sure that parcels were relatively the same size. Descriptive 

statistics as shown by table 5-3 for the normalized market value excluding improvements 

do show a lower of kurtosis then the previous normalized market value as was expected.  

Table 5-4 is a summary of the results found by the independent sample t-tests.  

Table 5-3 Descriptive Statistics Normalized Market Value Excluding Improvements 

Variable Sample 
Size 

Minimum Maximum Mean Kurtosis 

Market Value 487 3.25 3,592.80 631.83 11.381 
 

Table 5-4 T-test: Normalized Market Value Excluding Improvements 

 N M SD Mean Standard 
Error 

T-Value P-Value 

No Wind 
Turbines 

115 793.26 667.56 62.25061 
3.238 0.002 

Wind Turbines 372 581.92 377.81 19.58829 

 

The group of parcels containing no wind turbines (N=115) was associated with a 

mean normalized appraised market value of $793.26, and a standard deviation of $667.56.  

This means that on average a landowner without a wind turbine will receive $793.26 per 

acre if the parcel is sold in market transaction in 2020. While the group of parcels 
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containing wind turbines (N=372), was associated with a lower mean normalized market 

value of $581.92, and a standard deviation of $394.37. This means that on average a 

landowner with a wind turbine will net $581.92 per acre if the parcel is sold in market 

transaction in 2020.  

The mean market value excluding improvements is different for parcels containing 

wind and parcels not containing wind turbines; however, it is unknown if this difference is 

statistically significant. To test the hypothesis that parcels containing no wind turbines and 

parcels containing wind turbines were associated with statistically significant different 

mean normalized market values, an independent sample t-test was performed in scenario 

one. The assumption of homogeneity of variances was tested via Levene’s F-tests and a 

significant p-value was found. This indicates that the variances between parcels containing 

no wind turbines, and parcels containing wind turbines are not homogeneous. Therefore, 

when interpreting the T-test results this study will be focusing on the results in which non- 

equal variances were not assumed.    

The independent samples t-test was associated with a statistically significant effect, 

t(137.280)=3.238, p=0.002, indicating that parcels containing wind turbines were 

associated with a statistically significant lower mean normalized market values excluding 

improvements than parcels which did not contain wind turbines. This means that on 

average landowners without wind turbines will receive $289.75 more per acre in market 

transactions, then parcels which do contain wind turbines, and that this difference is 

significant.  
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5.4 Scenario Two 

5.4.1 Normalized Agricultural Profit 
Normalized agricultural profit is a normalization of the agricultural profit that was 

calculated using the Texas A&M Agrilife Extension Budget District Two data, and 

equations (3-9). The normalized agricultural profit was calculated on a per acre basis by 

dividing the agricultural profit per parcel by the number of acres available for agriculture 

production in each parcel.  Table 5-5 is a summary of the results found by the independent 

sample t-tests.  

Table 5-5 T-test Normalized Agricultural Profit 

 N M SD Mean Standard 
Error 

T-Value P-Value 

No Wind 
Turbines 

147 267.43 56.85 4.69 
-0.587 0.558 

Wind Turbines 373 270.56 53.97 2.79 

 
The group of parcels containing no wind turbines (N=147) was associated with a 

mean normalized agricultural profit of $267.43, and a standard deviation of $56.85. This 

means that on average a landowner without a wind turbine agricultural profit will increase 

by $267.43 per acre in 2020.  While the group of parcels containing wind turbines (N=373), 

was associated with a higher mean normalized agricultural profit of $270.56, and a standard 

deviation of $53.97. This means that on average a landowner with a wind turbine 

agricultural profit will increase by $270.56 per acre in 2020.    

To test the hypothesis that parcels containing no wind turbines and parcels 

containing wind turbines were associated with statistically significant different mean 

agricultural profit, an independent sample t-test was performed for all cases in scenario 

two.  Additionally, the assumption of homogeneity of variances was tested via Levene’s 

F-tests and a significant p-value was not found. This indicates that the variances between 
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parcels containing no wind turbines, and parcels containing wind turbines are 

homogeneous. Therefore, when interpreting the T-test results this study will be focusing 

on the results in which equal variances are assumed.    

The independent samples t-test was associated with a statistically significant effect, 

t(518)= -0.587, p=0.558, indicating that parcels containing wind turbines were not 

associated with a statistically significant higher mean normalized agricultural profit than 

parcels which did not contain wind turbines. This means that even though on average 

landowners with wind turbines agricultural profit will increase by $3.13 more per acre in 

2020, than parcels which do not contain wind turbines, and that this difference is not 

significant. 

5.4.2 Normalized Profit 
Normalized profit is a normalization of profit that was calculated by adding the 

SAM simulated wind turbine profit in 2020 for each parcel, and the agricultural profit for 

each parcel. The normalized profit was calculated on a per acre basis by dividing the profit 

per parcel by the number of acres in each parcel.  Table 5-6 is a summary of the results 

found by the independent sample t-tests.  

Table 5-6  T-test Normalized Profit 

 N M SD Mean Standard 
Error 

T-Value P-Value 

No Wind 
Turbines 

147 267.43 56.85 4.69 
-5.974 0.000 

Wind Turbines 373 302.05 50.52 3.13 

 
 

The group of parcels containing no wind turbines (N=147) was associated with a 

mean normalized profit of $267.43, and a standard deviation of $56.85. This means that on 

average a landowner without a wind turbine profit will increase by $267.43 per acre in 
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2020.  While the group of parcels containing wind turbines (N=373), was associated with 

a higher mean normalized profit of $302.05, and a standard deviation of $50.52.  This 

means that on average a landowner with a wind turbine profit will increase by $302.05 per 

acre in 2020.    

The independent samples t-test was associated with a statistically significant effect, 

t(518)= -5.974, p=0.0000, indicating that parcels containing wind turbines were associated 

with a statistically significant higher mean normalized profit than parcels which did not 

contain wind turbines. This means on average landowners with wind turbines profit will 

increase by $34.62 more per acre in 2020, than parcels which do not contain wind turbines, 

and that this difference is significant.  The mean normalized profit is the one parameter 

where wind turbines appear to provide an advantage for the landowner.  
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CHAPTER VI 

CONCLUSIONS 

6.1 General Conclusions 
 

Previous research into how wind turbines affect land values has focused on how 

land values in residential areas are impacted by wind turbine presence, and how personal 

preferences determine the impact of wind turbines. This study differs because it considers 

the impact of wind turbine presence on agricultural land values, and, instead of focusing 

on personal preferences, it focuses on wind turbine profitability.  Wind turbine profitability 

was simulated using the System Advisor Model (SAM) which was developed by the 

National Renewable Energy Lab. Agricultural profitability was also simulated so that the 

effect of wind turbine profitability on total profitability made by agricultural producers 

could be estimated.  

6.1.1 SAM Results 
In summation, the wind turbine profitability results produced by the SAM indicate 

that the minimum amount of wind turbine revenue that a landowner can make in 2020 is 

$3,563.00, while the maximum amount of wind turbine revenue that a landowner can make 

in 2020 is $91,535.00. This is a very wide range of potential wind turbine profit.  This wide 

range in the potential wind turbine profit is likely being driven by three factors.  Whirlwind 

Energy Center, Pleasant Hill Wind Farm, and Old Settler Wind, all had higher royal 

payments but fewer wind turbines than other surrounding wind farms. This indicates that 

the wake effect negatively impacted larger wind farms which had wind turbines packed 

together closely.  
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  Wind turbine profit was also higher for wind farms that were older because the 

SAM model had a built-in assumption that the PPA price will increase with each additional 

year. This assumption is not necessarily accurate because current trends indicate that the 

PPA price has decreased over time (wiser et al. 2018). However, PPA price likely did 

increase for the earlier wind farms such as Whirlwind Energy Center, and Ralls wind farm, 

which is why this assumption was still included in the SAM profitability simulations.  Wind 

turbine profit was also higher for older farms because these farms had a higher production 

tax credit, which means that these wind farm produced more kilowatts of electricity than 

newer wind farms which were subjected to new regulations that limited the production tax 

credit.    

6.1.2 Statistical Analysis 
The statistical analysis indicated that normalized appraised market value less 

improvements was negatively impacted by wind turbine presence. This result is consistent 

with the negative results found in previous studies (Tuttle 2008; Vyn 2018).  However, 

normalized profit is positively impacted by wind turbine presence. This indicates that while 

agricultural land values may decrease due to the presence of wind turbines, this cost is 

offset by the additional source of revenue provided by the wind turbines. This result opens 

up a whole new direction of inquiry when considering the effects of wind turbine presence.    

6.2 Limitations 

6.2.1 Secondary Data 
This section of the document discusses the limitations of this study.  This study 

uses several different secondary data sources, meaning that the collected data do not cover 

the same period of time. The time period for the collected data on appraised market value, 
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appraised improvement value, and appraised improvement value is dependent on how often 

the parcel data on TNRIS was updated by the county appraisal districts. However, this issue 

was alleviated by collecting as much recent data as possible for wind turbines and parcels, 

which was facilitated by using the FFA obstacle dataset and county appraisal district 

websites. Also, from 2015-2020 the appraised market value, the appraised improvement 

value, and the appraised land value were all relatively constant, which indicates that 

regardless of what year the data was collected in the results should be consistent. 

6.2.2 Kurtosis & Presence of Outliers  
Another limitation of this study is the very high level of kurtosis which was present 

in the dataset. This high level of kurtosis was likely present because only a subset of the 

original Texas Natural Resource Information System (TNRIS) parcel dataset was used.  

Kurtosis was reduced by normalizing each variable of interest by the number of acres 

present in each parcel. However, the dataset contained several outliers of parcels without 

wind turbines which had low acreage and very high improvement values, causing the mean 

market value to increase substantially for non-agricultural land increasing the kurtosis and 

skewness present in the dataset. This problem was alleviated by focusing on a scenario in 

which the market value less improvements was considered.    

6.2.3  Appraised Market Value vs. Market Value 
 The appraised market value for each land parcel is used as a proxy for agricultural 

land values rather than the actual market value. The market value of a parcel is the amount 

of money that a landowner receives when a land parcel is sold in a market transaction.  The 

appraised market value of each parcel is an estimation of the market value of each parcel 

calculated by the county appraisal district for taxation purposes.  Using the appraised 
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market value was necessary because many of the parcels which make up the study area 

haven’t been sold in years.  However, it does mean that the results could be potentially 

biased if there is bias in the appraised market value.  

6.2.4 Underestimation of Wind Turbine Profitability 
 Wind turbine profitability has likely been underestimated because of the 

underlying assumptions which were used to determine payment structure. This was 

intentional, because if estimates have a significant effect on agricultural land value or total 

profitability at the lower end of the spectrum, then it is likely that estimates at higher end      

of the spectrum will also be significant. However, it does mean that the results are likely 

underestimating the positive effect that wind turbine profitability has on the total profit 

made by agricultural producers.  

6.3 Future Research Considerations 
 

Future researchers could go in a lot of different directions based on the results of 

this study. For example, in this study, wake effect was calculated by using the simple wake 

effect in the SAM model. The results could change if the compound wake effect was used 

in the SAM model instead.  Additionally, future researchers could investigate how wind 

turbine revenue affects specific crops types, and if the benefits and costs of having wind 

turbine on agricultural land changes based on the crop type. Future researchers could also 

consider how policy changes such as the recent changes in the production tax credit have 

reduced the profitability of wind turbines, which in turn will impact agricultural land 

values, and agricultural profitability.  Overall, estimating the impact of wind turbines on 

agricultural land values and profitability is a multi-faceted problem and involves a number 

of confounding variables that can be further addressed in future work. 
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APPENDIX I PROJECTED PROFITABILITY RESULTS 
 

Appendix I shows all of the projected profitability results for Cotton Plains Wind Farm, Hale 

Wind Farm, Longhorn Wind Farm, Lorenzo Winds Farm, Old Settler Wind Farm, Pleasant Hill 

Wind Farm, Ralls Wind Farm, South Plains Wind Farm, South Plains II Wind Farm, Wake Wind 

Farm, and Whirlwind Energy Center.  2020 is indicated in each table by an asterisk.    
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2017 1,313,170 26,263 1,517 
2018 1,326,300 26,526 1,533 
2019 1,339,560 26,791 1,548 
2020 1,352,960 27,059 1,563* 
2021 1,366,490 27,330 1,579 
2022 1,380,150 27,603 1,595 
2023 1,393,960 27,879 1,611 
2024 1,407,900 28,158 1,627 
2025 1,421,970 28,439 1,643 
2026 1,436,190 28,724 1,660 
2027 1,450,560 29,011 1,676 
2028 1,465,060 29,301 1,693 
2029 1,479,710 29,594 1,710 
2030 1,494,510 29,890 1,727 
2031 1,509,450 30,189 1,744 
2032 1,524,550 30,491 1,762 
2033 1,539,790 30,796 1,779 
2034 1,555,190 31,104 1,797 
2035 1,570,740 31,415 1,815 
2036 1,586,450 31,729 1,833 
2037 1,602,320 32,046 1,852 
2038 1,618,340 32,367 1,870 
2039 1,634,520 32,690 1,889 
2040 1,650,870 33,017 1,908 
2041 1,667,380 33,348 1,927 

Table 1 Cotton Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2019 3,927,720 78,554 4,806 
2020 3,967,000 79,340 4,854* 
2021 4,006,670 80,133 4,902 
2022 4,046,740 80,935 4,951 
2023 4,087,200 81,744 5,001 
2024 4,128,080 82,562 5,051 
2025 4,169,360 83,387 5,101 
2026 4,211,050 84,221 5,152 
2027 4,253,160 85,063 5,204 
2028 4,295,690 85,914 5,256 
2029 4,338,650 86,773 5,308 
2030 4,382,040 87,641 5,362 
2031 4,425,860 88,517 5,415 
2032 4,470,110 89,402 5,469 
2033 4,514,820 90,296 5,524 
2034 4,559,960 91,199 5,579 
2035 4,605,560 92,111 5,635 
2036 4,651,620 93,032 5,691 
2037 4,698,140 93,963 5,748 
2038 4,745,120 94,902 5,806 
2039 4,792,570 95,851 5,864 
2040 4,840,490 96,810 5,922 
2041 4,888,900 97,778 5,982 
2042 4,937,790 98,756 6,042 
2043 4,987,170 99,743 6,102 

Table 2 Hale Wind Farm Turbine Type One Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2019 14,208,700 284,174 2,615 
2020 14,350,700 287,014 2,642* 
2021 14,494,300 289,886 2,668 
2022 14,639,200 292,784 2,695 
2023 14,785,600 295,712 2,722 
2024 14,933,400 298,668 2,749 
2025 15,082,800 301,656 2,776 
2026 15,233,600 304,672 2,804 
2027 15,385,900 307,718 2,832 
2028 15,539,800 310,796 2,860 
2029 15,695,200 313,904 2,889 
2030 15,852,200 317,044 2,918 
2031 16,010,700 320,214 2,947 
2032 16,170,800 323,416 2,977 
2033 16,332,500 326,650 3,006 
2034 16,495,800 329,916 3,036 
2035 16,660,800 333,216 3,067 
2036 16,827,400 336,548 3,097 
2037 16,995,700 339,914 3,128 
2038 17,165,600 343,312 3,160 
2039 17,337,300 346,746 3,191 
2040 17,510,600 350,212 3,223 
2041 17,685,700 353,714 3,255 
2042 17,862,600 357,252 3,288 
2043 18,041,200 360,824 4,470 

Table 3 Hale Wind Farm Turbine Type Two Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2015 6,529,710 130,594 6,791 
2016 6,595,000 131,900 6,859 
2017 6,660,950 133,219 6,927 
2018 6,727,560 134,551 6,997 
2019 6,794,840 135,897 7,067 
2020 6,862,790 137,256 7,137* 
2021 6,931,420 138,628 7,209 
2022 7,000,730 140,015 7,281 
2023 7,070,740 141,415 7,354 
2024 7,141,440 142,829 7,427 
2025 7,212,860 144,257 7,501 
2026 7,284,990 145,700 7,576 
2027 7,357,840 147,157 7,652 
2028 7,431,420 148,628 7,729 
2029 7,505,730 150,115 7,806 
2030 7,580,790 151,616 7,884 
2031 7,656,600 153,132 7,963 
2032 7,733,160 154,663 8,042 
2033 7,810,490 156,210 8,123 
2034 7,888,600 157,772 8,204 
2035 7,967,480 159,350 8,286 
2036 8,047,160 160,943 8,369 
2037 8,127,630 162,553 8,453 
2038 8,208,910 164,178 8,537 
2039 8,291,000 165,820 8,623 

Table 4 Longhorn Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2018 2,834,160 56,683 2,563 
2019 2,862,510 57,250 2,589 
2020 2,891,130 57,823 2,615* 
2021 2,920,040 58,401 2,641 
2022 2,949,240 58,985 2,667 
2023 2,978,730 59,575 2,694 
2024 3,008,520 60,170 2,721 
2025 3,038,610 60,772 2,748 
2026 3,068,990 61,380 2,775 
2027 3,099,680 61,994 2,803 
2028 3,130,680 62,614 2,831 
2029 3,161,990 63,240 2,860 
2030 3,193,610 63,872 2,888 
2031 3,225,540 64,511 2,917 
2032 3,257,800 65,156 2,946 
2033 3,290,380 65,808 2,976 
2034 3,323,280 66,466 3,005 
2035 3,356,510 67,130 3,035 
2036 3,390,080 67,802 3,066 
2037 3,423,980 68,480 3,096 
2038 3,458,220 69,164 3,127 
2039 3,492,800 69,856 3,159 
2040 3,527,730 70,555 3,190 
2041 3,563,010 71,260 3,222 
2042 3,598,640 71,973 3,254 

Table 5 Lorenzo Winds Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2017 2,923,350 58,467 1,737 
2018 2,952,590 59,052 1,755 
2019 2,982,110 59,642 1,772 
2020 3,011,930 60,239 1,790* 
2021 3,042,050 60,841 1,808 
2022 3,072,470 61,449 1,826 
2023 3,103,200 62,064 1,844 
2024 3,134,230 62,685 1,863 
2025 3,165,570 63,311 1,881 
2026 3,197,230 63,945 1,900 
2027 3,229,200 64,584 1,919 
2028 3,261,490 65,230 1,938 
2029 3,294,110 65,882 1,958 
2030 3,327,050 66,541 1,977 
2031 3,360,320 67,206 1,997 
2032 3,393,920 67,878 2,017 
2033 3,427,860 68,557 2,037 
2034 3,462,140 69,243 2,058 
2035 3,496,760 69,935 2,078 
2036 3,531,730 70,635 2,099 
2037 3,567,050 71,341 2,120 
2038 3,602,720 72,054 2,141 
2039 3,638,740 72,775 2,162 
2040 3,675,130 73,503 2,184 
2041 3,711,880 74,238 2,206 

Table 6 Old Settler Wind Farm  Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2015 1,896,380 37,928 6,574 
2016 1,915,350 38,307 6,640 
2017 1,934,500 38,690 6,706 
2018 1,953,840 39,077 6,773 
2019 1,973,380 39,468 6,841 
2020 1,993,120 39,862 6,909* 
2021 2,013,050 40,261 6,979 
2022 2,033,180 40,664 7,048 
2023 2,053,510 41,070 7,119 
2024 2,074,040 41,481 7,190 
2025 2,094,790 41,896 7,262 
2026 2,115,730 42,315 7,335 
2027 2,136,890 42,738 7,408 
2028 2,158,260 43,165 7,482 
2029 2,179,840 43,597 7,557 
2030 2,201,640 44,033 7,632 
2031 2,223,660 44,473 7,709 
2032 2,245,890 44,918 7,786 
2033 2,268,350 45,367 7,864 
2034 2,291,040 45,821 7,942 
2035 2,313,950 46,279 8,022 
2036 2,337,090 46,742 8,102 
2037 2,360,460 47,209 8,183 
2038 2,384,060 47,681 8,265 
2039 2,407,900 48,158 8,347 

Table 7 Pleasant Hill Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2011 1,194,240 23,885 12,420 
2012 1,206,180 24,124 12,544 
2013 1,218,240 24,365 12,670 
2014 1,230,430 24,609 12,796 
2015 1,242,730 24,855 12,924 
2016 1,255,160 25,103 13,054 
2017 1,267,710 25,354 13,184 
2018 1,280,390 25,608 13,316 
2019 1,293,190 25,864 13,449 
2020 1,306,120 26,122 13,584* 
2021 1,319,180 26,384 13,719 
2022 1,332,380 26,648 13,857 
2023 1,345,700 26,914 13,995 
2024 1,359,160 27,183 14,135 
2025 1,372,750 27,455 14,277 
2026 1,386,480 27,730 14,419 
2027 1,400,340 28,007 14,564 
2028 1,414,340 28,287 14,709 
2029 1,428,490 28,570 14,856 
2030 1,442,770 28,855 15,005 
2031 1,457,200 29,144 15,155 
2032 1,471,770 29,435 15,306 
2033 1,486,490 29,730 15,459 
2034 1,501,350 30,027 15,614 
2035 1,516,370 30,327 15,770 

Table 8 Ralls Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2015 11,692,000 233,840 7,148 
2016 11,809,000 236,180 7,219 
2017 11,927,000 238,540 7,291 
2018 12,046,300 240,926 7,364 
2019 12,166,800 243,336 7,438 
2020 12,288,400 245,768 7,512* 
2021 12,411,300 248,226 7,587 
2022 12,535,400 250,708 7,663 
2023 12,660,800 253,216 7,740 
2024 12,787,400 255,748 7,817 
2025 12,915,300 258,306 7,895 
2026 13,044,400 260,888 7,974 
2027 13,174,900 263,498 8,054 
2028 13,306,600 266,132 8,135 
2029 13,439,700 268,794 8,216 
2030 13,574,100 271,482 8,298 
2031 13,709,800 274,196 8,381 
2032 13,846,900 276,938 8,465 
2033 13,985,400 279,708 8,550 
2034 14,125,300 282,506 8,635 
2035 14,266,500 285,330 8,721 
2036 14,409,200 288,184 8,809 
2037 14,553,300 291,066 8,897 
2038 14,698,800 293,976 8,986 
2039 14,845,800 296,916 9,076 

Table 9 South Plains Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2016 12,027,300 240,546 7,148 
2017 12,147,600 242,952 7,219 
2018 12,269,100 245,382 7,291 
2019 12,391,700 247,834 7,364 
2020 12,515,700 250,314 7,438* 
2021 12,640,800 252,816 7,512 
2022 1,276,7200 255,344 7,587 
2023 12,894,900 257,898 7,663 
2024 13,023,900 260,478 7,740 
2025 13,154,100 263,082 7,817 
2026 13,285,600 265,712 7,895 
2027 13,418,500 268,370 7,974 
2028 13,552,700 271,054 8,054 
2029 13,688,200 273,764 8,135 
2030 13,825,100 276,502 8,216 
2031 13,963,300 279,266 8,298 
2032 14,103,000 282,060 8,381 
2033 14,244,000 284,880 8,465 
2034 14,386,400 287,728 8,550 
2035 14,530,300 290,606 8,635 
2036 14,675,600 293,512 8,721 
2037 14,822,400 296,448 8,809 
2038 14,970,600 299,412 8,897 
2039 15,120,300 302,406 8,986 
2040 15,271,500 305,430 9,076 

Table 10 South Plains II Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2016 10,794,000 215,880 3,207 
2017 10,902,000 218,040 3,239 
2018 11,011,000 220,220 3,272 
2019 11,121,100 222,422 3,305 
2020 11,232,300 224,646 3,338* 
2021 11,344,600 226,892 3,371 
2022 11,458,100 229,162 3,405 
2023 11,572,700 231,454 3,439 
2024 11,688,400 233,768 3,473 
2025 11,805,300 236,106 3,508 
2026 11,923,300 238,466 3,543 
2027 12,042,600 240,852 3,578 
2028 12,163,000 243,260 3,614 
2029 12,284,600 245,692 3,650 
2030 12,407,500 248,150 3,687 
2031 12,531,500 250,630 3,724 
2032 12,656,900 253,138 3,761 
2033 12,783,400 255,668 3,798 
2034 12,911,300 258,226 3,837 
2035 13,040,400 260,808 3,875 
2036 13,170,800 263,416 3,914 
2037 13,302,500 266,050 3,953 
2038 13,435,500 268,710 3,992 
2039 13,569,900 271,398 4,032 
2040 13,705,600 274,112 4,073 

Table 11 Wake Wind Farm Projected Profitability 
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Year Total PPA 
Revenue 

Total Royalty 
Payment 

Royalty Payment 
Per Parcel  

2007 26,878,700 537,574 69,885 
2008 27,147,500 542,950 70,584 
2009 27,419,000 548,380 71,289 
2010 27,693,200 553,864 72,002 
2011 27,970,100 553,864 72,722 
2012 28,249,800 559,402 73,449 
2013 28,532,300 564,996 74,184 
2014 28,817,600 570,646 74,926 
2015 29,105,800 576,352 75,675 
2016 29,396,900 582,116 76,432 
2017 29,690,800 587,938 77,196 
2018 29,987,800 593,816 77,968 
2019 30,287,600 599,756 78,748 
2020 30,590,500 605,752 79,535* 
2021 30,896,400 611,810 80,331 
2022 31,205,400 617,928 81,134 
2023 31,517,400 624,108 81,945 
2024 31,832,600 630,348 82,765 
2025 32,150,900 636,652 83,592 
2026 32,472,400 649,448 84,428 
2027 32,797,200 655,944 85,273 
2028 33,125,100 662,502 86,125 
2029 33,456,400 669,128 86,987 
2030 33,790,900 675,818 87,856 
2031 34,128,900 682,578 88,735 

Table 12 Whirlwind Energy Center Projected Profitability 
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APPENDIX II  STUDY AREA WITH CROPSCAPE DATA  
 

Appendix II contains figure 1, which shows a map of the full extent of the study area, overlaid 

with the CropScape dataset. A portion of this map is zoomed in as shown by the blue extent 

indicator.  

Figure 1 Study Area with CropScape Data  


