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Abstract 

The focus of this paper is to analyse the determinants of wind energy development in the 

United States and how procedural and regulatory frameworks influence the deployment of 

wind power facilities. The empirical analysis uses statistical regression models integrating 

geospatial, macroeconomic and socio-environmental control variables. Using wind 

penetration in addition to wind capacity additions as dependent variable permits a more 

differentiated analysis of both absolute and relative growth factors. This enables a more 

precise assessment of state-to-state variations in permitting, zoning and siting procedures that 

wind developers have to clear before being authorised to start construction. Quantifying the 

number of state-level financial support measures and various permitting and regulatory 

process stages allowed for a more comprehensive assessment of administrative barriers to 

wind energy development than prior research studies. The results indicate a partial reversal of 

previous findings that showed that a high quantity of state-level regulations negatively affects 

wind capacity additions. Exogenous factors such as the ratio of in-state federal lands, 

population density, and especially wind energy potential, as well as federal statutes and 

incentives remain the main drivers of wind capacity additions and overall wind energy 

penetration. Contrasting prior literature, the influence of localised financial incentives or 

regulatory approval procedures appears to be minor; therefore streamlining national policies 

and incentives at the federal level might prove more effective than promoting wind 

development at the state level. We also point out that future research should also examine the 

role of quality of state-level regulations in addition to quantity. 

 

Highlights 

• Most up-to-date United States state-level study using recent data sets from 2010-2016 
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• Number of financial incentives & regulatory measures are weak growth indicators 

• Overall wind potential is the strongest driver of wind development 

• Novel dependent variable for wind penetration enables relative growth analysis 
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1. Introduction 

 

Renewable energy (RE) development has experienced significant growth in recent years in 

the United States. The majority of this came from the expansion of wind energy, with 

onshore capacity additions amounting to a 48% increase from 60,005MW to 89,078MW 

between 2012 and 2017 [1]. Congress has been supporting the transition towards clean and 

less carbon-intensive energy solutions with several federal measures. Most notably through 

an industry-wide federal renewable electricity production tax credit (PTC), which has led to a 

dramatic increase in private-investment driven growth in the wind energy sector [2,3]. In 

light of increasingly deteriorating climate change indicators, RE development has become a 

core component of most comprehensive greenhouse gas (GHG) emission mitigation 

scenarios [4].  

 

2016 gained notoriety in recent history as the warmest year on record, accompanied by 

multiplying indicators of intensifying climatic upheavals, such as the sharp drops of Arctic 

ice cover [4]. Therefore RE support is considered one of the most effective and efficient 

strategies against anthropogenic climate change, which threatens numerous ecosystems and 

vulnerable communities [5]. It represents a strong reduction tool to lower energy-related 

                                                
1 List of non-standard abbreviations: Bald and Golden Eagle Protection Act (BGEPA), Competitive Renewable 
Energy Zones’ (CREZ) Majority Democratic Representation (DEM), Endangered Species Act (ESA), Energy 
Policy Act (EPACT), Environmental Regulations (ER), Fixed Effects Vector Decomposition (FEVD) Nr. of 
State-level Financial Incentives (FI), Ratio of Federal Land Area (FLR), Total State Land Area (LA), Migratory 
Bird Treaty Act (MBTA), Nr. of State-level Wind Ordinances (ORD), Population Density (PD), Power 
Purchase Agreements (PPA), Majority Republican Representation (REP), Nr. of State-level Regulatory 
Measures (RM), Average Distance of State-level wind power capacities to Transmission Lines (TD), Wind 
Capacities (WC), Wind Development Indices (WDI), Wind Penetration (WP), and Wind Potential (WPT). 
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output of carbon dioxide and other GHGs into the atmosphere [5].  The 5th Intergovernmental 

Panel on Climate Change (IPCC) Assessment Report, the Sustainable Development Goals 

(SDGs) as well as the Paris Climate Agreement have further solidified the importance of 

shifting away from fossil fuel-based carbon-intensive forms of energy generation towards 

carbon-neutral renewable energy solutions [5,6]. 

 

However, the expansion of RE projects has been facing re-emerging obstacles in some 

regions, most notably the United States under the revised environmental priorities of the 

Trump administration [7-9]. This will render efforts to maintain the increase of global 

temperatures below 2ºC more challenging [10]. Previous commentators have discussed the 

prospect of alleviating confrontational trends such as local stakeholder opposition by 

reducing the number of administrative burdens and barriers, hence allowing the approval and 

development process to be sped up and become less costly [11,12]. This ‘green v. green’ 

issue between advocates of GHG emission reductions and those concerned about local 

environmental impacts such as bat and bird deaths or public health threats like low-frequency 

noise is at the heart of the ongoing policy debates on what instruments are most suited to 

expand wind energy while at the same time addressing public concerns [11,12]. As a 

consequence, the enactment of environmental regulations has become a point for contention 

of both wind energy development proponents and opponents. The former argue that a 

panoply of environmental rules and regulations affecting wind will hinder further expansion 

while the latter contend that these are necessary in light of the potential environmental and 

socio-economic risks emanating from wind turbines [11,12]. This paper will contribute to this 

discussion by providing the most comprehensive analysis to date of whether the quantity of 

regulations affecting wind, primarily at the state-level, and to some extent at the county level, 

significantly influences state-level wind energy growth. 

 

It has already been documented that policies at the federal level act as a major catalyst of 

comprehensive RE development. A particularly impactful example is the federal production 

tax credit (PTC) [13]. The latter was originally adopted in 1992 through the Energy Policy 

Act (EPACT) and is currently set at $0.023/kWh for wind, geothermal, closed-loop biomass, 

$0.012/kWh for other eligible technologies, it applies to the first ten years of operation [13]. 

Previous studies have outlined in detail the preeminent role and influence of this policy tool 

in increasing deployment of wind energy [2,14]. This also inadvertently led to boom-bust 

cycles that coincided with the respective PTC extensions and expirations [2,3,15]  
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However, federal support measures such as the PTC remain the exception and are highly 

volatile in terms of implementation, with the latter and other federal financial or regulatory 

measures such as the Clean Power Plan (CPP) either being on halt or subject to revisions.  

Given the political shifts under the conservative-leaning Congress, the White House, and 

government agencies, the focus on future state-level wind energy barriers and incentives will 

become more accentuated [11,12]. The absence of comprehensive federal regulatory 

frameworks is partially offset by state-level rules. However, they do not always define local 

government powers, which at times results in the development of wind facility projects being 

stifled due to an unintended regulatory maze created by a lack of uniform procedures and 

standards [16]. State policies affecting wind energy development show significant variances 

regarding the structuring of energy policy frameworks and permitting procedures. With many 

determinants influencing overall RE growth, the objective of this paper is to analyse some of 

those that face the most criticism among developers. One of these is the number of 

environmental regulations in the permitting process and siting procedural frameworks such as 

ordinances [17,18]. Regulations mandating environmental impact statements or imposing 

stringent rules with regards to rare species protection, environmental health impact 

considerations, land use or procedural justice can act as barriers to wind energy development 

[19-22]. Henceforth, they bear the potential to stifle both RE growth and GHG mitigation 

efforts [19-22]. 

Therefore, analysing to what extent state-to-state variances in wind energy growth and 

overall electricity generation share can be attributed to the presence or absence of 

environmental regulations will permit a deeper understanding of the exogenous factors that 

impact wind energy development - more specifically large-scale installations - the most and 

whether or not procedural streamlining reforms of environmental provisions or reductions of 

regulations could act as a RE support mechanism. In the United States, local zoning laws are 

one of the primary planning and siting vehicles that determine where installations can be 

placed [24].   In part to address the public opposition to wind farms due to their proximity to 

residential areas and to provide clarity to developers, numerous states established clear and 

uniform wind siting requirements or guidelines instead of delegating it to local authorities 

[16,24]. States thereby adopted two main approaches, falling either into the “Dillon rule” 

group or the “home rule” group.  the “Dillon rule” generally delegates siting authority to state 

agencies (e.g. public utility commissions or siting councils and boards) often in conjunction 
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with local authorities. A majority of states that adopt this approach may limit local authority 

through state law, such as setting generating capacity thresholds before state regulatory 

involvement is authorised, for example Washington State [16,24]. In 25 states, the siting of 

wind facilities requires approval by state or local government bodies depending on size while 

five states reserve the power to regulate the siting of all wind facilities, regardless of size [16]. 

The second approach, most often found in “home rule” or “local control” states, cedes siting 

authority to local governments. In these states, local governments have substantial autonomy 

to regulate the siting of most wind facilities through their traditional land use authority. Local 

governments in 20 states have substantial autonomy to regulate the siting of wind facilities, 

with 15 of those states, including Texas, having no process or legislation specifically 

addressing wind facilities [16]. 

 Regulatory requirements in the forms of zoning, planning, siting rules constitute 

fundamental components of wind energy project development. Whether they are performed 

at the state or county level, several states have begun structured streamlining measures for 

these procedural steps and centralise them at the state-level [25]. Permitting, zoning, planning 

and siting are essential elements in assuring that a wind energy project takes account of not 

only environmental but socio-economic factors as well. This will guarantee that the 

construction, operation, and the decommissioning of projects occur in the least intrusive 

manner possible and respect local requirements [25]. With wind resources varying as much 

within a state as they do across states and zoning laws often being set at the county level, we 

are attempting to also weigh county-level factors by taking into account these differences 

through the integration of local ordinances [23]. Ordinances include provisions concerning 

permits, approvals, operation, and oversight of wind energy installations [26]. We opted for a 

primarily state-level analysis because under the Trump administration, the importance of 

state-level action has progressively been increasing especially as tax credits have been 

reformed and environmental regulatory interventions through federal agencies, most notably 

the EPA under Scott Pruitt, have decreased [27,28].  
 
This paper addresses these questions through econometric analysis taking into consideration 

that numerous factors influence state-level installed wind capacity (WC) and wind energy 

penetration (WP) figures. Therefore a comprehensive overall assessment, of how the number 

of specific environmental regulatory requirements in state-level wind energy permitting and 

siting processes contributes to the deployment of large-scale wind energy facilities, will allow 
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us to identify any potential correlations between WC/WP2 and environmental regulations. 

Most of the existing literature (see Table 1) deals with the effects of RE policies in general, 

without any specific focus on wind energy [31,36].  
 
 
Table 1 
Prior literature on econometric research on wind energy determinants  

 
 

Moreover, most of the existing empirical studies concentrate in large parts on individual 

policies such as renewable portfolio standards (RPS) [34-39] or electricity market regulation 

elements such as Mandatory Green Power Options (MGPO) [40]. Hitaj [31] does cover a 

large number of policies at the state and county levels, however environmental components 

or permitting procedural steps are excluded among that study’s independent variables, with 

most of the focus lying on demographic, macroeconomic or electricity market factors. 

Overall, the previous studies presented in Table 1 have established that regulatory measures 

and financial incentives are, to varying degrees, positively correlated with wind power 

growth. 

                                                
2 Throughout the text WC/WP signifies ‘WC and WP’, not ‘WC divided by WP’ 

Study Geography Method Dependent Variable(s) Main Overlapping Independent 
Variables Result (S = Significant) 

[14] 50 US states Fixed Effects Wind Electricity Deployment 
(1990-2011)  

Renewable Portfolio Standard 
(RPS) and GDP S (-) for RPS; S (+) for GDP  

[29] 39 US states Ordinary Least 
Squares (OLS) 

Wind Capacity (2003), Wind 
Capacity Growth (2000-2003; 
1998-2003), Number of Large 
Projects  

RPS 
S (+) for RPS [Capacity and 
Capacity Growth (2000-
2003)] 

[30] 37 US states N/A Wind Capacity (2007) 
Population, RPS, Wind Energy 
Potential, Power Purchase 
Agreement (PPA) 

S (+) for Population, Wind 
Potential and PPA 

[31] 
122 US  
counties; 46 
US states 

Tobit Capacity Additions (1998-2007) Wind Power Class, Tax Credits, 
Transmission Line Coverage 

S (+) for Wind Power Class, 
Tax Credits, Transmission 
Line Coverage 

[32] 23 EU 
countries OLS Capacity Additions (2006-2008) Land area No documented significance 

[33] 132 global 
countries 

Binary Logit; 
Random Effects 

Wind power deployment (1980-
2014) and natural resource 
endowment 

Quality of wind resources, and 
Land Area 

S (+) for quality of wind 
resources and (-) for Land 
Area 

[34] 48 US states 

Fixed Effects; 
Fixed Effects 
Vector 
Decomposition 
(FEVD) 

Renewable Energy Electricity 
(1998-2006) RPS, GDP, and Wind Potential S (+) for RPS, GDP and Wind 

Potential 

[35] 39 US states Fixed Effects Carbon Emissions Reductions 
(1997-2008) 

State population, RPS, GDP, 
Power Generation (MWh) 

S (+) for GDP and Power 
Generation 
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Our study does incorporate wind energy data from 38 states covering data for the years 2010 

to 2016, allowing for a comprehensive and up-to-date empirical investigation, and thus 

reflecting recent wind energy developments more aptly. It further builds on the previous 

literature by analysing the conceptual frameworks and exogenous factors that impact RE 

development by expanding their geographical scope and temporal reach. Among these case 

studies, Bird et al. (2005), Menz and Vachon [29], Bohn and Lant [30], Prasad and Munch 

[35], Brown et al. [41] dealt with wind energy only in a fraction of states, ranging from 12 

[37] to 39 [29, 35] and 48 [34] states, whereas the US-level data in the aforementioned 

studies or Hitaj’s  [31] does date from 2008 or earlier, thus not taking into account any of the 

state-level policy developments thereafter. In 2009, a paper by Carley [34] evaluated the 

effectiveness of state-level RE policies, however without a specific focus on wind energy 

policies. That study and this paper use a more refined methodology that allows the inclusion 

of time-invariant factors and time-variant regulatory variables. Fischlein et al. [42] performed 

one of the few recent wind energy investigations focusing on socio-political state-level 

factors influencing wind deployment. However, said study does not include any econometric 

analysis components and is limited to mainly qualitative data analysis, yet it provides some 

context as to the variances between central and local governance and these could potentially 

influence wind energy perception and policy-making. In contrast, our paper represents the 

first comprehensive attempt to measure the influence of siting rules such as in-state wind 

ordinances in addition to relying on time-variant data for environmental regulations. Hitaj 

[31] covered only financial incentives while excluding potential regulatory barriers as 

determinants.  

 

Given the lack of focus on administrative barriers in past econometric studies, this research 

tries to propose a conceptual framework by determining the overall impact of environmental 

regulations and procedures on WC/WP, in order to examine if reducing the number or 

streamlining environmental frameworks bears the potential to increase the overall share of 

state-level RE energy [29,34,38,39,43]. Our paper compiles demographic, geographic, 

geospatial, energy, ecologic, environmental, economic and regulatory data to form an 

integrated dataset that will then serve as the basis to perform multivariate regression analysis 

and highlight any potential correlations between wind energy growth and environmental 

legislation. Our main theoretical assumption is that a high quantity of environmental 

standards and regulations will lower overall WC/WP rates in states with strong 
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environmental protection components in their permitting procedures. Several government 

bodies and studies have outlined the potentially red tape attributes of an “an unintended 

regulatory maze created by a lack of uniform procedures and standards” [16,43]. These 

complexities risk increasing the planning cost and duration for wind energy project 

developers will incentivise the latter to either abandon development, choose other RE 

technologies, or engage in development activities in states with little or no regulatory 

requirements. It should be noted that our study did not consider the quality of the state-level 

regulatory variables. In absence of a comprehensive qualitative dataset of RE-relevant 

regulatory frameworks, we opted for quantity of regulations as a proxy to measure the test 

whether a high number of regulations creates a “regulatory maze” that negatively impacts 

WC/WP [16,43]. Despite these limitations, this paper still provides the first broad evaluation 

of wind energy determinants on the US state-level since Hitaj [31] in 2013 and Shrimali et al. 

[14] in 2015, incorporating recent data as well as novel explanatory variables. 

 

Understanding how environmental regulations impact wind energy development will enable 

decision-makers and developers to re-assess in what ways regulatory streamlining can 

contribute to increasing RE growth while still maintaining elevated environmental protection 

standards. This research is of high relevance, with the Trump administration’s ambitions to 

eliminate as much red tape as possible, which could potentially result in the collateral 

elimination of numerous environmental regulations in the name of energy development [44].  

We pursued a mixed-methodology approach, consisting of a qualitative literature review and 

quantitative analysis using fixed-effects regression models. We investigated how and to what 

degree environmental regulations do influence overall environmental growth or if other 

factors such as geospatial aspects, financial incentives or population dynamics play a more 

predominant role. 

 

 

2. Overview of in-state energy and environmental regulations 

 

The US represents an interesting case study in that most data is collected nationwide, 

however, the legal and procedural frameworks sometimes differ significantly from state to 

state. This allows us to focus on the individual in-state policies affecting wind energy and 

investigate if a high quantity of environmental provisions in state-wide permitting and siting 

regulations will notably alter WC/WP rates.  
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Recent WC/WP rates display at times notable state-to-state variances that can only be 

partially explained by differing regional wind energy resources, macroeconomic factors, or 

population dynamics. Environmental impacts on bird and bat populations, low-frequency 

noise emissions impacts or landscape aesthetics do represent well-documented negative 

externalities of wind energy installations [45]. Henceforth, environmental legislation 

subjecting developers to take these incidentals into account, throughout the permitting and 

siting stages, increases the administrative and financial burdens during the pre-construction 

planning phases, and generally renders overall investments more risky and expensive [46-48]. 

In order to assess their impact, we first need to determine which rules affect state-level 

project development. 

 

In 1969, the United States was the first country in the world to create an integrated legal 

framework whose sole purpose was the protection of the natural environment. The National 

Environmental Protection Act (NEPA) mandated that government agencies as well as entities 

interacting with the government, for example executing government contracts, would have to 

consider potential environmental impacts prior to the start of any construction activities [49]. 

They first have to perform an Environmental Impact Assessment (EIA) and produce a 

comprehensive Environmental Impact Statement (EIS) listing all of the potential socio-

environmental hazards created during the project construction and operation phases [49]. 

 

These federal government policies affect state-level wind energy development to a lesser 

degree, in most instances through projects planned on federal lands. Government agencies 

including the Bureau of Land Management (BLM), National Forest Service (NFS), Fish and 

Wildlife Service (FWS), National Park Service (NPS) and the Department of Defense do 

collectively manage more than 608.9 million acres of land, on which at least 20.6 million 

acres qualify for wind energy development, mostly in Western Region states such as Nevada, 

Idaho, Utah or Wyoming [50,51]. As aforementioned, the basic requirements for developers 

that want to engage in construction activities on these lands is the performance of an EIA 

followed by the production of an EIS. These projects should influence overall state WC and 

WP rates only marginally, for example in 2012 total installed capacity of federal lands 

amounted to just over 800MW compared to more than 60,000MW on privately-owned lands 

[52]. We anticipate that states with high ratios of federal lands might still be negatively 

impacted given that obtaining development consent for wind energy installations on these 
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lands is comparatively much more cumbersome, thus increasing the pressure on privately 

owned lands to be developed first, potentially forgoing the most promising wind resources. 

 

Notable exceptions of high-impact federal laws are the ones in relation to the protection of 

certain rare or vulnerable species, in the case of wind energy the most notorious being the 

Bald and Golden Eagle Protection Act (BGEPA), the Migratory Bird Treaty Act (MBTA) 

and the Endangered Species Act (ESA) [53]. These statutory provisions apply nationwide, 

irrespective of activity, property rights or location [54]. Given the fact that these are federal 

rules, and thus indiscriminate towards state-specific regulatory contexts, they represent only a 

minor indicator of state-level regulatory variances on wind energy growth potential. 

 

Therefore state-level regulatory frameworks and procedural approval requirements appear to 

be much better indicators to assess in-state wind energy development potential [30,32]. As 

aforementioned, numerous states do not have any procedural requirements or central 

regulatory authorities at the state level and leave the decision-making to local authorities such 

as counties or municipalities [16,19,55]. On the other hand, numerous states implemented 

environmental rules modelled after the NEPA, which are often designated as “Little-NEPAs” 

or State Environmental Protection Acts (SEPA) [16,56]. Numerous states also created their 

own non-NEPA environmental procedural frameworks applicable to wind energy permitting 

or siting activities [16,55]. 

 

Several states created special regulatory procedures for wind energy projects, including Iowa, 

Vermont, or West Virginia among others; or for energy projects that surpass certain power 

generating capacities, for example, Oregon for wind generating facilities over 35MW or New 

York for facilities over 25MW [16, 55,57]. Given that integrated state-level permitting and 

siting rules usually facilitate the process for large-scale projects by reducing the number of 

procedural steps, they can speed up the whole approval process for developers. Several states 

such as Washington, Hawaii, Colorado or Maine leave the choice up to the developers of 

large-scale projects whether they prefer local procedures or state procedures, or an appeal to 

the state level if a permit was denied by local authorities [16,57]. 

 

Numerous developers, industry groups, and government agencies cite these environmental 

provisions as main regulatory barriers deterring wind energy development, with potential 

investors sometimes abandoning or avoiding projects altogether, due to lengthy, expensive 
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and cumbersome EISs and the risk of subsequent nuisance litigation [47,58]. Other points of 

contention are the participatory governance components implemented into these regulations 

that require a mandatory public consultation phase that enables interested members of civil 

society and local community stakeholders to voice any potential concerns or objections [59]. 

The public participation phases follow specific procedural steps, which if not conducted 

properly, could lead to potential litigation on procedural grounds, which is also decried as a 

nuisance by many developers and state representatives [30,47,59]. 

 

 

3. Research Methodology and Data 

 

We applied an integrated statistical analysis framework to establish correlations between the 

presence of environmental regulations in state-level permitting and siting procedures and WC 

as well as WP.  

 

 

 

3.1. Wind Energy Growth Indices 

 

First modelled and conceptualised after the Wind Development Indices (WDI) in a previous 

econometric model created by Menz and Vachon [29], we incorporated two dependent 

variables that measure time variant growth to account for both the installed capacity additions 

(WC) in each observed state as well as wind penetration, which represents the share of wind 

energy in state-level electricity generation (WP). These two metrics enable us to identify 

whether and in what ways WC/WP rates correlate with various factors, particular scrutiny 

being put on the influence of regulatory frameworks and project approval environments.  

 

We opted for the use of WP in addition to the more generally applied WC to highlight the 

relative importance of policies at the state level [34]. By focusing on in-state WC and WP, 

we steer our focus not only on capacity additions but towards the overall contributory role of 

wind energy in each state as well. To our knowledge, WP has not been integrated into any 

prior empirical studies in a US context. Given that most prior studies focus on absolute wind 

capacity growth [29-32], WP does enable a representation of relative growth within state-

level contexts. Albeit US electricity markets enjoy a high degree of interconnection [31], we 
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estimate that the juxtaposition of the absolute and relative characteristics of state-level wind 

energy development will provide additional insights into how state-level policies function if 

the relative importance of wind in the overall energy mix is accounted for, contrasting 

previous studies. 

 

Analogous to previous studies [29-31], several states had to be excluded from our analysis 

due to the absence of exploitable wind resources or notable wind capacities [60]. Albeit in 

recent years, numerous states in which wind energy development was considered 

economically unviable for various reasons - for example lack of significant wind resources - 

either added or have seriously been considering adding capacities. These advances have been 

facilitated by significant technological advances allowing development in areas with low 

wind speeds. Coupled with increases in local demand or increased stakeholder acceptance, 

wind energy has progressively been expanding in states like Nevada, New Jersey, Delaware, 

Connecticut, Vermont and Virginia among others [1,61,62]. Otherwise, many projects have 

not yet materialised as of early 2018. However, it is anticipated that wind technology 

innovations will progressively expand the range developable wind energy areas by rendering 

a more distributed wind development feasible, for example in those states in the East and 

South East that are currently devoid of any notable wind energy projects [60]. 
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Fig. 1 Annual Average Wind Speed at 80 [63] 

 

 

 

3.2. Determinants of Wind Energy Growth 

 

To account for the numerous factors impacting growth figures in each state, we used a mix of 

socio-economic, demographic, geospatial, geographic, environmental, and regulatory 

variables to analyse their impact on state-to-state WC/WP. By including the determinants 

presented in Table 2, comprising regulatory body influence, exogenous factors such as CO2 

emissions, or an asset-level variable with transmission infrastructure proximity, we obtain a 

more holistic assessment of the actual project conditions for wind development. As described 

above, by focusing in-state WC and WP, we analyse not only on capacity additions but the 

overall contributory role of wind energy in each state as well. 
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Table 2  
 
Variables (2010-2016), measurement unit and sources of data for the explanatory variables and expected 
relationship with dependent variables installed (WC) [64,65] and wind penetration (WP) [66]. 
 

Note: Please refer to Appendix for summary statistics and correlation matrix. 
 

 

This research considers a novel catalogue of determinants and significantly expands the 

scope of past studies [30-32,34,38,40]. Previously excluded determinants of potential 

significance include the ratio of federal land (FLR), time variant environmental regulations 

(ER) and the number of wind ordinances at the in-state county level (ORD). Hitaj’s [31] 

analysis accounted for transmission line access however, we refined this data component by 

Name of 
Variable Variable Definition Source of Data Expected Relation with Dependent 

Variables 

CO2 State-level Carbon Emissions (Million Tonnes/CO2) [67] 
(-) High levels of CO2 emissions indicate elevated 
levels of thermal energy capacities lowering the 
need for additional low-carbon units 

DEM Majority Democratic Representation [≥2 of 3 state-level 
institutions: Governor, State Senate, State House of Reps.] [68] 

(+) Democratic governments and political majorities 
are seen as more progressive towards solutions 
addressing climate change mitigation 

ER Nr. of Environmental Regulations Affecting Wind  [69,70] (-) High number of regulations considered red tape 
lowering the appeal of wind energy development 

FI Nr. of State-level Financial Incentives Affecting Wind [70] (+) High numbers of subsidies and tax breaks 
considered to spur wind energy development  

FLR Ratio of Federal Land Area in Total State Land Area (% of 
State) [71] 

(+) Development limitations and mandatory 
environmental approval regulations on federal land 
considered to lower development appeal 

GDP State-level Gross Domestic Product per Capita 
[nominal/current-price GDP in $US] [72] (+) High economic output and performance spur 

demand for energy and infrastructure investments 

LA Total State Land Area (hectare or 10000km2) [73] (+) Greater land area size provides more spatial 
opportunities for wind energy development 

ORD Nr. of State-level Wind Ordinances [74] (-) High number of ordinances considered red tape 
lowering the appeal of wind energy development 

PD Population Density (ppl./10km2) [73] 
(-) High population density levels increase the risk 
of land use conflicts and environmental impact 
assessment litigation 

PPA Levelised Wind Power Purchase Agreement Prices 
($cents/KWh) [75] 

(-) Low purchase power agreement prices increase 
the competitiveness of wind energy electricity rates 
versus conventional power 

REP Majority Republican Representation [≥2 of 3 state-level 
institutions: Governor, State Senate, State House of Reps.] [68] 

(-) Republican governments and political majorities 
are seen as less progressive towards solutions 
addressing climate change mitigation 

RM Nr. of State-level Regulatory Measures Affecting Wind [70] 
(-) High number of regulatory measures considered 
red tape lowering the appeal of wind energy 
development 

RPS Renewable Portfolio Standard Compliance [RPS 
Achievement (% of RPS Obligations)] [76] 

(+) Mandatory/voluntary performance standards 
create supply-side pressure/incentive to develop 
renewables 

TD Average Distance of State-level wind power capacities to 
Transmission Lines (100km/unit) [77] (+) Shorter distance to transmission lines and grid 

infrastructure facilitates wind energy development 

WPT Wind Potential [Potential installed capacity (MW) ≥ 35% 
GCF 110m hub height, 2014 turbine technology (MW)] [66] 

(+) Presence of high quantity and high-quality wind 
energy resources increase wind energy development 
potential  
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not only calculating overall transmission line coverage per county but by using asset-level 

data to extract the exact distance between each in-state wind turbine and their proximity to 

the closest transmission lines. This enables an exact weighting of average transmission line 

access distance and the probability of general access to state-level grid infrastructure. Hitaj 

[31] used transmission grid data from 1993; our analysis relied on recent data by the U.S. 

Department of Homeland Security [77]. This is relevant in terms newly added transmission 

infrastructure capacities, especially dedicated high-voltage, direct current (HVDC) corridors 

such as Texas ‘Competitive Renewable Energy Zones’ (CREZ) transmission lines in the 

Great Plains region. For all other determinants, the most recent available quantitative data is 

being implemented, especially in terms of state-to-state WC. Utilising more up to date data 

figures, precise qualitative measures and quantifying the individual elements of the overall 

permitting and siting processes, we are able to build upon existing literature and expand the 

range of our econometric regression model in order to assess in more detail what the impact 

of procedural frameworks and environmental regulations on wind energy development is. 
 

Geospatial, environmental, and demographic determinants FLR, TD, PD, and WPT are very 

closely linked to wind energy development, for example indicating the level of potential (see 

Fig. 1) and overall available resources [1,78,79]. Demographic trends in terms such as PD 

can point to potential land use conflicts or transmission complications caused by the distance 

of wind facilities from urban consumption centres [78].  

 

Macroeconomic factors GDP and PPA highlight demand-side variations and if wind capacity 

additions can be absorbed into the market [79]. Production-side measures FI and RPS are 

expected to influence price formation and render wind energy competitive with existing 

power generation capacities or future capacity additions from competing energy technologies 

[79]. Examples of FI include sales, personal and property tax incentives, renewable energy 

credit programs, utility rate discounts, rebate programs, property assessed clean energy 

(PACE) financing, loan programs among others [70]. 

 

Moreover, we included ER, ORD, RM, and CO2 as controls to point to potential 

environmental law-related, administrative, or regulatory barriers that could, in large numbers, 

negatively impact wind energy development. An elevated number of steps in the overall 

approval process, which is composed of the planning, permitting and siting stages, risks 

creating an unintended regulatory maze that lacks uniform procedural frameworks [16,49, 79-
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81]. Examples of ER include legislation on state-level emission standards, global warming 

frameworks, or environmental concerns among others [69]. RM controls for regulatory 

measures meant to create comprehensive frameworks at the state level, examples include the 

North Carolina or Ohio wind energy permitting standards [70]. 

  

Finally, the two political factors DEM and REP account for the impact of governance and 

political prioritisations on RE development and regulatory environments [82,83]. Menz and 

Vachon [29] had identified a strong correlation between political interests and green 

electricity policies, which points to a positive relationship between wind energy development 

and political decision-making in Democrat-run states as their policies are generally 

considered more environmentally-friendly [82]. Delmas and Montes-Sancho [40] found 

significant positive correlations between states that have Democratic governors, 

representatives, and Mandatory Green Power Option (MGPO) policies, thus further 

supporting this assumption. 

 

3.3. Econometric Model  

 

This article aims to examine the effect of state-level siting and environmental regulatory 

policies on wind capacity and penetration across 38 states over the period from 2010 to 2016 

using standard fixed effects regressions, which is a method for controlling for omitted 

variables when the omitted variables vary across states but not over time. Fixed effects 

regression method has the attractive feature of controlling for all stable characteristics of the 

individuals, whether measured or not. Severe scarcity or absence of exploitable wind energy 

resources led to the exclusion of 12 states from the estimation sample. Based on the 

theoretical assumptions and empirical results in prior literature applying various regression 

models, including ordinary least squares (OLS) or weighted least squares (WLS) among 

others, we opted for fixed effects and “Fixed Effects Vector Decomposition” (FEVD) models 

to estimate the effect of regulatory frameworks and environmental policies on wind energy 

growth [30-33,84,85]. We chose the logarithm of wind capacity (WC) and wind energy 

penetration (WP) as two separate dependent variables, which individually allow us to have a 

more comprehensive look at multiple wind energy expansion factors [34]. WC/WP were 

selected because they measure two different factors crucial to understanding the distribution 

of wind energy. WC indicates the absolute production capacities of wind generation 
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infrastructure and WP the share of wind in total state-level electricity generation. In 

combination with the independent variables, the general forms of the model are as follows: 

 

𝑙𝑛𝑊𝐶!,! = 𝛽! + 𝛽!𝑃𝑃𝐴!,! + 𝛽!𝐸𝑅!,! + 𝛽!𝐺𝐷𝑃!,! + 𝛽!𝑅𝑃𝑆!,! + 𝛽!𝐹𝐼!,! + 𝛽!𝑅𝑀!,! +

𝛽!𝐶𝑂2!,! + 𝛽!𝑂𝑅𝐷!,! + 𝛽!𝑃𝐷!,! + 𝛽!"𝑇𝐷!,! + 𝛽!!𝐹𝐿𝑅!,! + 𝛽!"𝐷𝐸𝑀!,! + 𝛽!"𝑅𝐸𝑃!,! +

𝑆𝑡𝑎𝑡𝑒𝐹𝑖𝑥𝑒𝑑𝐸𝑓𝑓𝑒𝑐𝑡𝑠! + 𝜀!,!                             (1)                       

 

𝑊𝑃!,! = 𝛽! + 𝛽!𝑃𝑃𝐴!,! + 𝛽!𝐸𝑅!,! + 𝛽!𝐺𝐷𝑃!,! + 𝛽!𝑅𝑃𝑆!,! + 𝛽!𝐹𝐼!,! + 𝛽!𝑅𝑀!,! +

𝛽!𝐶𝑂2!,! + 𝛽!𝑂𝑅𝐷!,! + 𝛽!𝑃𝐷!,! + 𝛽!"𝑇𝐷!,! + 𝛽!!𝐹𝐿𝑅!,! + 𝛽!"𝐷𝐸𝑀!,! + 𝛽!"𝑅𝐸𝑃!,! +

𝑆𝑡𝑎𝑡𝑒𝐹𝑖𝑥𝑒𝑑𝐸𝑓𝑓𝑒𝑐𝑡𝑠! + 𝛿!,!                             (2) 

 

where the superscripts 𝑠 and 𝑡 denote state and year respectively. 𝑙𝑛𝑊𝐶!" is the logarithm of 

wind capacity. Explanatory variables are listed in Table 2 and 𝜀!", 𝛿!" are independent and 

identically distributed error terms. 

 

However, we deem that rarely changing variables such as wind potential and land area play 

an important role in wind expansion. Fixed effects methods are pretty much useless for 

estimating the effects of variables that don’t change over time, therefore we also use a 

technique named “Fixed Effects Vector Decomposition” (FEVD) method for estimating 

time-invariant variables, used in previous RE-related empirical studies [34, 86-88]. 

In 2007, Plümper and Troeger [85] proposed the FEVD method to deal with time-invariant 

and rarely changing variables in panel data models with unit effects and demonstrated that 

FEVD outperforms all the other estimators in estimating models, which suffer from the 

presence of time-variant variables correlated with unobserved unit effects and time-invariant 

variables [89]. The FEVD model is based on the standard fixed effects model, and also 

recognises that some of the fixed individual heterogeneity is in fact observable. The 

estimations of the corresponding FEVD model are provided as a comprehensive comparison. 

Otherwise, the effects of such variables will remain included in the fixed effects and are not 

differentiated.  

There are three-stage steps for the estimation of FEVD. First, we run a standard fixed-effects 

model to obtain unit effects, and then break down the unit effects into a portion explained by 

time-invariant or rarely changing variables and the error term. Finally, we re-estimate the first 

stage model with a pooled OLS containing the time-invariant variables and error term of 
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stage two [85]. This approach maintains consistency with prior literature for state-level 

comparisons of energy policy determinants [34,38,85]. The fact that FEVD models allow the 

estimation of variables, which have zero or only small variations, provides us with the 

possibility to more comprehensively analyse the variables under scrutiny. 

4. Results and Discussion 

 
Table 3 
Regression results with dependent variable: logged WC 
 
Independent variable Fixed effects FEVD 

PPA -0.0161 (0.001)*** -0.0161 (0.038)** 

ER 0.0256(0.055)* 0.0256 (0.131) 

GDP 0.0739 (0.695) 0.0739 (0.919) 

RPS -0.00298 (0.909) 0.120 (0.000)*** 

FI -0.0363 (0.545) -0.0363 (0.568) 

RM -0.0642 (0.224) -0.0642 (0.404) 

CO2 -0.00399 (0.036)** -0.00399 (0.259) 

ORD -0.0397 (0.136) -0.0397 (0.389) 

PD 0.00397 (0.219) -0.00119 (0.001)*** 

TD -0.0114 (0.000)*** -0.0358(0.018)** 

FLR 7.913 (0.476) 0.805 (0.592) 

DEM 0.0272 (0.840) 0.0272 (0.883) 

REP 0.342 (0.026)** 0.342 (0.086)* 

WPT  0.322 (0.069)* 

LA  -0.0496 (0.094)* 

   

Constant 2.02 (0.517) 6.99 (0.038)** 

Observations 264 264 

R-squared 0.453 0.968 

Note: standard errors in parenthesis; 
Statistically significant at *p<0.1; **p<0.05; ***p<0.01 
There is no transmission distance data for State Connecticut and in 2010 and 2011. State Nevada’s wind capacity is 0. 
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Table 4  
Regression results with dependent variable: WP 
 
Independent variable Fixed effects FEVD 

PPA -0.000966(0.002)*** -0.000966 (0.000)*** 

ER 0.000633 (0.347) 0.000633 (0.290) 

GDP 0.0358 (0.097)* 0.0358 (0.003)*** 

RPS -0.00364 (0.095)* -0.00364 (0.060)* 

FI 0.000817 (0.685) 0.000817 (0.750) 

RM -0.00254 (0.298) -0.00254 (0.417) 

CO2 -0.000344 (0.090)* -0.000344 (0.013)** 

ORD -0.00216 (0.212) -0.00216 (0.149) 

PD -0.0000432 (0.679) -0.0000432 (0.778) 

TD -0.000355 (0.104) -0.000355 (0.121) 

FLR 0.991 (0.079)* 0.991 (0.065)* 

DEM 0.00244 (0.706) 0.00244 (0.706) 

REP 0.00851 (0.316) 0.00851 (0.300) 

WPT  0.0849 (0.074)* 

LA  -0.0154 (0.047)** 
   

Constant -0.203 (0.194) -0.104 (0.570) 

Observations 266 266 

R-squared 0.329 0.888 

Note: standard errors in parenthesis; 
Statistically significant at *p<0.1; **p<0.05; ***p<0.01 
There is no transmission distance data for State Connecticut. 
 

 

In Tables 3 and 4, we present the results of the regression analyses. The intrinsic 

characteristics and differences in scale and magnitude between WC and WP might partially 

explain the statistical inconsistencies, which similar results in previous studies confirm 

[29,30,32,34].  

 

Many previous studies alluded to the potentially stifling effects of excessive state regulation 

and stakeholder involvement, resulting in burdensome, lengthy, and costly planning, 

permitting, zoning, and siting processes [21,29,34,38,39]. In addition to the findings of Bohn 

and Lant [30] about the strong correlation between population dynamics and installed wind 

energy capacity, our results confirm several past findings for geospatial and demographic 

(PD, LA), macroeconomic (GDP, PPA), regulatory (RPS) and environmental (CO2) factors. 

However, our findings relativise several prior studies by indicating that the influence of state-
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level regulations and incentives tend to be marginal. No significant relation between WC/WP 

rates and highly regulated states could be demonstrated. The only state-wide procedural 

variable that showed any impact was ER with limited significance, thus partially debilitating 

some of the prior literature [29-31,42,90] that alludes to a significant impact of numerous or 

lengthy permitting and siting procedures. Despite Del Rio and Tarancón [32] pointing out 

that the literature is inconclusive as to whether there is a significant relationship between LA 

and wind capacity additions, our findings reverse earlier findings by Carley [34], reflecting a 

shift in the US wind energy landscape throughout the past decade in that states with the best 

wind resources have added significant capacities and were able to increase their in-state 

WC/WP, thus more closely reflecting the actual size of their available wind resources. 

Furthermore, in contrast to a recent study by Gosens [33], a significant positive correlation 

between WP and WPT has been observed, which confirms that the quality of available wind 

resources influences state-level wind energy market size. 

 

The results for LA were negative for WC/WP not confirming our initial assumption that 

states with larger land areas should not only have more available resources but also 

development appeared to be concentrated mostly in sparsely populated areas such as the 

Texas or Oklahoma Panhandles, thus lowering the risk of zoning issues [37, 57]. However, 

these results are fully in line with previous literature that concludes that the importance of 

overall LA regarding WC/WP largely depends on the quality of the available wind resources 

[32-34,87,88].  Given that the best wind resources often tend to be located in areas with 

sparse transmission line access, and the significance of TD outlined below, high LA does not 

automatically translate into high WC/WP for states such Alaska, Texas, Montana, New 

Mexico, Arizona, Nevada, and Colorado. Also, FLR showed surprising results that did not 

confirm our original assumption that WC/WP would be negatively correlated.  The results 

preclude our inference that a high degree of federal land would lower the appeal for wind 

development given that the complex federal regulatory environment, including stringent 

environmental impact assessments, were expected to act as a barrier. FLR is positively 

correlated with WC/WP and significant for WP, which can be explained that those states with 

the highest federal land ratios also tend to have high WPT and low PD. Furthermore, the 

states that count the most federal land are statistically also the ones with large LA, high WPT, 

low PD, and REP political majorities at the state government level, which again lowers the 

risk of encountering zoning issues or stringent environmental regulations [71]. The 

significant results and strong negative correlations observed for PPA and PD in case of 
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dependent variable WC do indicate that low PD and high WPT influence PPA levels, which 

all are strong determinants of WC, confirming previous findings [30]. The importance of 

PPA on dependent variable WP is in line with previous study results as well, reinforcing the 

notion that PPA price levels do reflect not only absolute but also relative in-state wind growth 

potential [30].  Therefore PPA can be considered a composite factor, taking into account 

numerous exogenous factors, making it is the most reliable indicator for overall wind 

development and development potential.  

 

Moreover, the results for TD emphasise and confirm the importance of transmission grid 

capacities, for example the aforementioned CREZ project in Texas that linked production 

capacities in the state’s sparsely populated Panhandle areas with the more populated regions 

of North-East and Central Texas [91]. Large-scale transmission projects such as CREZ do 

play an equally important role as small-scale transmission lines in close proximity to 

consumption centres as only the large projects enable long-distance connections to remote 

rural production areas [92]. Transmission issues and the lack of connection opportunities do 

stifle the development of some of the most promising wind resources, therefore highlighting 

the importance of grid infrastructure and the proximity of wind energy generation capacities 

to transmission capacities [14,31,93]. 

 

Our findings for ER, RM, and ORD show that those states with numerous regulations do not 

necessarily lose out on progressive RE development. They are able to cover large portions of 

their in-state energy demand through wind energy, irrespective of localised supply-side 

variations caused by procedural barriers or civil society opposition. Our findings partially 

contravene the significance of regulations as administrative barriers or red tape to wind 

development, previously described by Del Río and Tarancón, Painuly, the National 

Conference of State Legislatures, and the National Association of Regulatory Utility 

Commissioners [16,32,43,57]. Past studies [30,31] also showed that some of the advantages 

of leaving permitting and siting to local authorities would be offset by an elevated number of 

localised regulations, whereas centralised state-level permitting might eradicate some of these 

uncertainties through a reduced quantity of procedural steps, streamlined one-stop approaches, 

more experienced administrators, or access to more extensive resources than local entities.  

 

Our findings for ER, RM, and ORD, however, have only limited explanatory power on 

WC/WP rates and do not confirm this understanding, given that ORD was insignificant as 
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well. The results in their current form do not allow us to determine with sufficient certainty 

whether the states with less designated permitting authorities or fewer specific regulations for 

wind energy projects do enjoy higher WC/WP. Therefore further in-detail case-study 

investigations need to be performed on the exact role of “one-stop shop” dedicated 

administrative procedures and if their presence can result in higher rates of wind deployment. 

Furthermore, these results show that although there are some correlations between the 

number of state-level procedural requirements and overall wind energy deployment rates, 

they remain mostly weak, and thereby indicate a relatively limited impact on state-level 

WC/WP. The only notable exception is RPS, which confirms the significance of this specific 

regulatory measure, already illustrated in numerous previous empirical studies [29,37,39]. 

The results highlight the overwhelming importance of this policy tool, which provides 

developers and utilities with tangible goals and timeframes that not only lead to capacity 

additions but render new RE projects economically viable as existing fossil fuel-based 

thermal capacities need to be substituted through cleaner options. Notwithstanding a few 

notable exceptions of strongly underperforming (e.g. Nebraska, Missouri and Wisconsin) or 

overperforming (e.g. Vermont, Maine and Idaho) states, our findings lead us to conclude that 

both high WC/WP are for the most part linked to exogenous factors of geospatial, 

demographic, environmental factors and less dependent on state-level regulatory frameworks 

or financial incentives, contradicting previous literature [31,36,40]. 

 

Henceforth, it can be assumed that the impact of specific regulatory components such as 

environmental or public participation mandates was less influential in states that cover large 

areas of land, with low overall populations, low population densities, and have high wind 

potential as well as high degrees of urbanisation. These factors allow for wind to represent 

more significant percentages of state-level WP, given that projects face less stakeholder 

opposition and smaller demand-side pressures, thus confirming a strong correlation with PPA. 

These results stand in contrast with past findings that mention that national or state-level 

regulatory frameworks and financial incentive mechanisms do play a more significant role 

than physical energy potential [33]. Recent developments in the domestic wind energy sector 

have mostly reversed this trend and especially land-rich states with small populations and 

high WPT, either distributed or localised, were able to develop these sites and reach WP 

often covering significant portions of in-state energy demand [94].  
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Besides geospatial and demographic factors, the results for FI contradict the previously 

established correlations between state tax incentives, and more notably tax credits, such as 

consumption tax credits [14,31,95]. FI at the state-level might trigger some leverage in states 

that already possess an elevated WPT, but they likely will not impact WC/WP in states that 

have only limited exploitable natural wind resources to begin with, thus partially 

corroborating previous results [37]. Our results seem to reinforce the overwhelming 

importance of the aforementioned federal PTC in reducing uncertainty for developers and 

investors [14,96].  

 

Our results for GDP confirm the results of Carley [34] and Hitaj [31], which show that 

overall macroeconomic growth can influence WP by stabilising investment environments and 

demand for electricity projects, however, more pronounced in less populous states, where 

absolute WC will result in higher overall electricity market share, than in populous states 

where wind energy started from a smaller baseline. The results for CO2 show a strong 

negative correlation between overall in-state emissions and WC/WP. Not touched upon in 

prior wind energy empirical analyses, we suspect that the influence of CO2 emissions is 

related to the overall state-level macroeconomic condition and the competition between 

existing thermal energy sources lowering market demand for new capacity additions. 

 

DEM and REP did not reveal any positive development bias towards states with Democratic 

majorities over the study period, thereby not confirming our original assumption or previous 

studies pointing to stronger RE growth in jurisdictions with strong environmental voting 

records, generally associated with the Democratic Party [29,31]. The results interestingly 

pointed towards a stronger positive WC/WP correlation with Republican-leaning states, 

which in large parts could be explained with the Republican Party’s dominance in rural states, 

most notably in the Midwest and the Great Plains areas, where most of the wind potential is 

located, as Figure 1 illustrates [82]. These results are in line with recent research findings and 

confirm our assumption that LA, WPT and PD outweigh any environmental policy-making, 

usually considered more progressive in DEM states [72]. Contrasting the view held by Carley 

[34], our results indicate that state-level political and environmental institutional factors are 

weak determinants of wind energy, possibly linked to high degrees of endogeneity between 

REP, WC and WPT [31]. 
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Furthermore, our results for ER, RM, ORD, and CO2 suggest that the interplay between 

environmental factors and the number of environmental regulations seem to have a smaller 

stifling effect on WC/WP than we anticipated. Examples of such factors include rare species, 

such as bald eagles or bats, usually considered among the main environmental barriers to 

wind development [97]. Contrary to prior literature, their interplay with the corresponding 

environmental protection laws appears to be limited, in that states that show high levels of 

siting regulations that environmental protection provisions do not necessarily present lower 

levels of WC/WP [52,98]. Although the BGEPA, the MBTA, and the ESA are federal laws 

and uniformly applicable in each state, they cannot serve as proof of the stifling effect that 

environmental regulations were presumed to have at the state level. They might impact 

development though, especially if states want to develop previously untapped wind resources 

located on federal lands, making it progressively harder to avoid avian habitats and migratory 

routes [86]. Given that the aforementioned laws include the species most associated with 

wind-related animal casualties and the resulting dissuasive effects this can have on 

developers, it emphasises the continued importance of federal action and how the presence of 

numerous state-specific regulations appears to have little impact on growth and do not seem 

to hinder wind energy exploitation as much as previously assumed [99].  

 

Overall, these results overall reinforce our initial assumptions that policy measures and 

regulatory streamlining efforts have to date been more efficient at the federal level, which has 

been particularly evident in the case of tax credits, with the federal PTC inhibiting an 

overwhelming role in supporting wind energy deployment [14]. As the impact of 

environmental regulations on WC and WP remains limited, cutting their number will not 

necessarily result in higher wind development rates. These results notwithstanding, state-

level regulations could be reframed to more specifically address wind energy-related issues 

and support deployment. Localised factors will gain in importance if developable land 

resources in urban and semi-urban areas will become more scarce and zoning conflicts, 

between local stakeholders and civil society participants, will emerge over the siting of 

turbines, and the environmental or aesthetic impacts of wind farms [22]. Several states - 

including Connecticut, New Hampshire, and Ohio - have started to address these issues by 

assigning siting responsibilities to local governments, with specified content and limits to 

local regulation, in order to avoid administrative and regulatory inconsistencies [16]. 
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We would also like to acknowledge some additional limitations of our study. As outlined 

above, since our main focus is on state-level regulatory frameworks, the results could be 

biased by excluding the significance of county-level developments. Second, having used 

quantity of regulations and incentives does not enable us to estimate the rigidity or quality of 

regulatory frameworks. The example of the Ohio setback rules, detailed below in section 6, 

underlines the importance of performing additional tests including a qualitative measurement 

of regulations affecting wind. Third, using WP as a determinant does not take account of 

state-to-state electricity exports, therefore the inclusion of demand-side renewable energy 

figures would alleviate any production side bias. Fourth, as PPA internalises already 

numerous exogenous factors, including wholesale market prices as an additional control 

variable could provide a more comprehensive picture about the influence of price 

mechanisms on WC/WP. 

 

Therefore, in future research studies, the absence of any comprehensive qualitative datasets 

for state-level or county-level regulations could be addressed in future research through the 

production of such a novel dataset.  Moreover, a combination of empirical studies using 

econometric modelling as well as qualitative case study analyses can reveal ways on how to 

reform and streamline regulatory as well as procedural frameworks. Moreover, they can 

indicate how to increase WC/WP in more densely populated regions and in close proximity 

to population centres where more pronounced stakeholder opposition is to be expected. This 

also applies to areas of high ecological significance such as rare species habitats or migratory 

bird corridors that could trigger additional zoning conflicts if more wind development and RE 

deployment are pursued, mainly due to the large land-use footprint of wind farms and other 

large-scale RE installations [99,100]. 

 

 

6. Conclusions and policy implications 

 

The results of our study indicate only limited implications for wind developers through 

further regulation or increases in RE policies, which might lead to a stronger short-term 

emphasis on federal measures in the near future. State-wide policies do momentarily appear 

to impact WC/ WP much less than geospatial and demographic factors. Prior studies indicate 

that state-level initiatives tend to be more efficient if utilised in combination with the federal 

PTC [14]. Therefore, data suggest that incentives and policies at the federal level tend to 
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influence overall WC/WP to a far higher degree than state-level initiatives [14]. Our 

observations stand in contrast to previous studies and the strictly localised empirical 

evaluations therein, which assumed that individual project development was stifled on 

numerous occasions by a high number of state-level policies and regulations [46, 101]. 

Nationwide policies such as the federal PTC or federal environmental protection policies, 

especially with regards to vulnerable species, largely offset these and thus the overall impact 

on state-to-state WC/WP rates saw only negligible variances. The results for WP also 

underline that states with favourable WPT conditions will be the most able to increase their 

in-state wind energy shares. 

 

However, one should note that in the future, due the political and environmental stances of 

the Trump administration and its projected decreasing ambition to develop RE sources on 

federal lands, the conflict potential between local stakeholders and project developers might 

amplify due to increased land use and siting disputes. In the Western Region states, the 

elevated ratio of undeveloped federal sites will drive project developers into areas with 

elevated risks, including more localised adverse environmental impacts, for example 

proximity to residential areas, resulting in intensifying civil society opposition. Furthermore, 

ongoing political inactivity in Congress with regards to comprehensive climate change 

mitigation and RE development policies, as well as and the decrease of comprehensive 

environmental regulation by federal agencies, such as the Environmental Protection Agency 

(EPA), will assign an even more prominent role to state-level measures in the future as states 

will gain more direct influence [7]. Our results for REP do substantiate this assumption 

because most development potential and wind resources are located in Republican-leaning 

states [82,83]. 

 

In terms of overall implications, given the limited range of our empirical analysis it is 

important to stress that despite the little general effect on overall WC/WP rates, localised 

state-level effects can differ significantly at times depending on multi-levelised geospatial 

and socio-environmental factors. To address this particular methodological limitation as well 

the fact that in numerous states, particularly the aforementioned “home rule” or “local control” 

states, wind permitting regulations are being developed at the county level, our study should 

be complemented with a detailed comparative county-level analysis, which could provide 

additional evidence on how geospatial and regulatory particularities might impact wind 

energy development. This will matter most in states with less distributed wind resources and 
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high population densities, in which potential conflicts might arise due to stringent regulatory 

frameworks [57]. Figure 2, showing the Midwestern states, illustrates this conflict potential 

and the corresponding risk to future wind energy development in numerous areas, rendering a 

stronger influence of ordinances and regulatory measures more probable. For example in 

Ohio, one of the states having designated a siting board in charge of wind energy regulation, 

large-scale wind energy development came practically to a halt after the state legislature 

modified zoning rules and implemented setbacks that require a minimum distance of 1,125 

feet from the tip of a turbine’s blades to the nearest property line, which in practice means 

setbacks of about 1,300 feet from each turbine’s base [102]. 

 

 

 
Fig. 2 Evolution of Density of Proposed Wind Turbines (per km2) in North-East and Midwest Region between 

1999 and 2014 [103] 

 

 

These developments align with trends already observed in other states that are either densely 

populated or where most resources in rural and less contentious areas have already been 

developed, including Massachusetts, Indiana, Illinois, Wisconsin, Pennsylvania, New York or 

New Hampshire among others. In these states, land use and zoning conflicts have virtually 

put a halt on many projects [58,104-107]. This did not affect the overall general national 
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growth trends, mostly driven by the Great Plains3 and Western Region4 states where high 

wind potential coupled with lots of undeveloped land, low population density, and high 

degrees of urbanisation, prevented many of the land use conflicts observed in other parts of 

the country [73,108]. However, future demographic migratory flows towards the coastlines 

and growing population concentrations in semi-urban and urban centres risk stifling the 

development of resources outside of the remote wind energy growth corridors. Expansion 

will prove extremely challenging, especially without state-level regulatory changes in terms 

of participatory governance, procedural justice, zoning rules and environmental streamlining 

[109,110]. One example of a state trying to boost WC/WP is Nebraska, which until recently 

had comparatively low wind development, contrasting the boom experienced in most of the 

neighbouring Great Plains states such as Kansas, South Dakota [111]. In 2016, state 

legislators passed LB 824 in an effort to reduce regulations associated with wind energy. As 

of now, private developers do not require Nebraska Power Review Board project approval 

anymore; they only need to notify the Board within 30 days of construction to ensure that the 

project is compliant with all relevant laws and regulations [112]. 
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Appendix A 
 
 
Table A.1 
List of variables and summary statistics 

Variables Mean Std.Dev. Min. Max. Obs. 

WC (log) 6.194 2.003 0.693 9.919 266 
WP 0.061 0.071 0 0.366 273 
PPA 41.476 24.209 0 98.404 273 
ER 3.941 4.768 0 34 273 
GDP 4.939 0.868 3.409 7.348 273 
RPS 4.162 7.605 0 46 273 
FI 0.41 0.795 0 5 273 
RM 0.183 0.59 0 6 273 
CO2 19.774 25.115 0 100 273 
ORD 1.165 1.604 0 10 273 
PD 812.749 1127.41 4.806 4695.999 273 
TD 3.597 13.081 0.006 161.256 266 
FLR 0.178 0.227 0 0.81 273 
DEM 0.363 0.482 0 1 273 
REP 0.425 0.495 0 1 273 
LA 20.116 24.632 0.268 147.795 273 

WPT 2.515 3.467 0.015 16.568 273 
 
 
 
 
 
 
 
 
Table A.2 
Correlation Matrix 

Statistically significant at *p<0.1; **p<0.05; ***p<0.01 

 

  1 2 3 4 6 7 8 9 10 11 12 13 1
4 1 PPA 1.000             

2 ER 0.107* 1.000            
3 GDP -0.193*** 0.089 1.000           
4 RPS 0.191*** 0.513*** 0.180*** 1.000          
6 FI 0.192*** 0.257*** 0.022 0.251*** 1.000         
7 RM 0.107* 0.201*** 0.000 0.311*** 0.246*** 1.000        
8 CO2 -0.045 -0.262*** -0.277*** -0.079 0.095 0.052 1.000       
9 ORD 0.129** 0.079 0.037 0.168*** 0.160*** 0.116* 0.120** 1.000      
10 PD 0.159*** 0.149** 0.368*** 0.177*** 0.107* -0.009 -0.290*** -0.088 1.000     
11 TD -0.316*** 0.052 0.254*** -0.109* 0.008 -0.006 -0.061 -0.077 -0.109* 1.000    
12 FLR 0.174*** 0.036 -0.098 0.047 0.048 0.015 -0.116* -0.160*** -0.372*** 0.212*** 1.000   
13        DEM 0.054 0.365***  0.251*** 0.161*** 0.224*** 0.063 -0.261*** 0.041 0.287*** -0.027 -0.088 1.000  
14 REP -0.100* -0.301*** -0.135** -0.201*** -0.118* -0.028 0.323*** 0.013 -0.392*** 0.050 0.057 -0.648*** 1

.
0
0
0 


