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ABSTRACT 

 
Upon review of the empirical energy and renewable energy-economic growth nexus literature, it 

has been observed that these studies focus on the consumption of electricity generated by all renewables 
in aggregate at the state and national levels and its effects on Gross Domestic Product (GDP) or 
industrial production. Only a few analyze the supply of and investment in renewable energy and solar 
energy specifically, and none appear to have analyzed it at a level more granular than a state or province. 
It can be argued, therefore, that different types of renewables likely have differing relationships with the 
economy, particularly at a more local, county level. This paper, then, is to investigate the impact of solar 
energy production on total employment and income per capita at the county-level utilizing annual data 
over the period 2010-2019 for the United States state of Texas. The empirical model of the relationship 
between the growth of solar energy as proxied for by the quantity of electricity that generation facilities 
could produce, measured in megawatts (MW’s), and the change in total employment and income per 
capita over the 11-year period finds a statistically significant relationship between solar supply and both 
variables. However, in spite of statistical significance, the relationships are not practically meaningful 
given the low values of the related rates of change. This more substantiates the neutrality hypothesis.  
Sensitivity and comparative tests further elucidate on alternative measures of variables and approaches. 
Some considerations for future research are refinement and expansion of the dataset, inclusion of 
additional states and their counties, and employment of more advanced econometric methods to account 
for complexities in panel data and nuances in the variables’ relationships. Some policy implications based 
on the empirical findings research are perpetual extension of the solar investment tax credit and other 
private sector market catalyzing credits or instruments to encourage the uptake of new technological and 
operational innovations in the solar energy sector. 
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I. INTRODUCTION  

As the world careens towards increasingly dangerous post-industrial average temperatures 

(NOAA, September 2020), as assessed by many, the effects of this trajectory are already playing out in 

drastic ways from raging forest fires around the world; melting polar caps, glaciers, and permafrost; the 

displacement of people due to the resultant rises in sea level; deadly record heat waves; and both 

increased precipitation and droughts. It is predicted that these will only continue to intensify as we near 

the first critical benchmark estimated by the International Panel on Climate Change (IPCC) of 1.5 Celsius 

above the historic average (IPCC, 2018). Based on their assessment of current trends they believe that 

we will reach this point between 2030 and 2052 if no course corrections are made. Many, then, believe 

that this is reason enough for change. Change in the way we produce food, produce goods, transport 

those goods and ourselves, build our neighborhoods and cities, and, very importantly, the way in which 

we create, supply, and consume energy.  

The industry of energy though is a complex and contentious one. Since the 19th Century industrial 

revolution and Michael Faraday’s, Thomas Edison’s, and others’ large-scale electricity harnessing 

discoveries exponentially increased the use of coal and oil, these fossil fuels have dominated the market. 

The realization that their combustion is accelerating a warming climate occurring only relatively recently 

and only after they established a stranglehold on geoeconomics. A sociotechnical, technoeconomic, and 

technopolitical phenomenon that Langdon Winner describes in his 1986 piece The Philosophy of 

Technology as, “…an ongoing social process in which scientific knowledge, technological invention, and 

corporate profit reinforce each other in deeply entrenched patterns, patterns that bear the unmistakable 

stamp of political and economic power.” He argues that the application of political and social theory to the 

development and application of technology reveals how the foundational principals of capitalism have 

perpetually prioritized capital gains and economic growth over conscious, democratic development. This 

results in the commodification and application of technologies and their inputs before the implications of 

their design, construction, and use are fully understood. Their implementation driven primarily by the goal 

of power and profit of, in the realm of energy, the fossil fuel “regimes”.  

The rise of cleaner, renewable resources (“renewables”) alternatives has thus been slow and 

often undermined around the world and the United States is no exception. The rise of natural gas since 



2 
 

the ‘shale revolution’ in 2011, now the strongest fossil fuel regime in the U.S. electricity resource portfolio 

at about 40 percent (%) of total generation (EIA, Frequently Asked Questions (FAQS): What is U.S. 

electricity generation by energy source?), has only made transitioning that much more difficult. The 

unprecedented access to oil and gas provided by the discovery of hydraulic fracking and horizontal 

drilling, another instance of Winner’s (1986) techno-capitalistic pattern, has secured gas as not only the 

foundational resource for domestic generation, but also for exportation. As of 2019 the United States was 

a net exporter of gas for the third (3rd) year in a row, providing 4.66 Tcf (trillion cubic feet) to about 38 

countries (EIA, Natural gas explained: Natural gas imports and exports). While coal is steadily fading the 

continued strength of the gas electricity market maintains a tight hold on the economic reins.  

What makes natural gas and other fossil fuel markets so strong compared to renewable 

alternatives is their resource abundance and availability, cost, and efficiency. The existing infrastructure, 

knowledge, and technology inherited from the industrial revolution largely contributes to this. When 

something is so readily available, relatively easily and cheaply converted into power at high yield, and 

woven into the fabric of the labor market, why choose anything else? The growing understanding of just 

how extensive the long-term global economic damage of the resulting greenhouse gas emissions 

(GHG’s) has become the primary reason, but the industry’s political influence continues to hold the 

passage and implementation of significant clean energy policy at bay. While the market is naturally 

transitioning away from fossil fuels, such as coal in particular, in response to falling costs of primary 

renewables like wind and solar and increasing consumer awareness of the existential climate change 

crisis, it is not currently doing so at the rate needed to avoid 1.5C, or even 2C (IPCC, 2018).  

II. POLICY REVIEW 

This cycle of proposed progress by renewable and clean energy proponents countered by fossil-

fuel businesses and associated government representatives has been the perpetual narrative not just 

recently, but for decades hence (Stokes, 2020, p. 11). At both the federal and state levels, legislation has 

met opposition that has either thwarted its adoption or has necessitated extensive amending, usually 

resulting in final legislation that is less expansive, includes less funding, and has less ambitious or fewer 

energy and climate targets. A primary example of this is the case of the Renewable Portfolio Standards 

(RPS’s), a policy program that was intended to grow the renewable energy industry by establishing 
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minimum amounts of electricity that had to be generated by renewable resources that commercial 

suppliers had to meet (EIA, Renewable energy explained: Portfolio standards).  

 

 

Initially attempted at the federal level in the 1990’s and 2000’s, the RPS initiative had to change 

its venue to the individual states after efforts to pass the policy repeatedly failed (Laird & Stefes, 2009). 

As of 2020, after several decades of state level coordinated advocacy, 37 states and Washington, D.C., 

have adopted a version of an RPS, seven of which are voluntary, not mandatory (Figure 1) (Shields, 

State Renewable Portfolio Standards and Goals). The non-participatory and some of the voluntary 

standards or targets states are also some of the major fossil fuel consumers and producers. Their 

inaction then is not insignificant. Nebraska, for instance, one of these key players, still produces 55 

percent (%) of its state’s electricity using coal as of 2019 and as of 2018 was the seventh top state for  

Figure 1. Renewable Portfolio Standards or Voluntary Targets 
Source: https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx 
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total energy consumption per capita because of its industrial sector and extreme seasons (EIA, Nebraska: 

State Profile and Energy Estimates). Or, in the case of Texas, though they recently joined the mandatory 

RPS ranks, the state is still, as of 2019, the top energy producer in the nation and still primarily consumes 

natural gas by a wide margin ((EIA, Texas: State Profile and Energy Estimates). When the RPS was 

emerging the development of the policy was manipulated by fossil fuel lobbyists to undermine the arrival 

of the solar industry during the 2000’s (Stokes, 2020, pp. 125-140). After the wind industry became 

stronger than expected they feared the compounding economic threat that the growth of renewable 

energy posed (Stokes,  

pp. 108-140). The repercussions of which having continued to reverberate. 

For larger scale, comprehensive legislation, much the same has been true. It was not until the 

Energy Act of 2020 (EACT20) that a fairly expansive, energy sector specific, clean energy heavy bill has 

been passed since the Energy Independence and Security Act of 2007 (EISA07) (H.R. 6 of the 110th 

Congress), ending a 13-year de facto moratorium. Although there are clean energy related provisions and 

funding in the 2009 American Recovery and Reinvestment Act (ARRA09) (H.R. 1, 111th), it does not have 

the same focus and breadth of EISA07. EACT20, a combination of the Clean Economy Jobs and 

Innovation Act (H.R. 4447, 116th) and American Energy Innovation Act (S. 2657, 116th), became a part of 

the historic omnibus spending bill for government funding and Coronavirus (COVID-19) related stimulus 

and relief that passed at the end of 2020 (Senate ENR, ICYMI: What They're Saying About the Energy 

Act of 2020), the Consolidated Appropriations Act, 2021 (CAA21) (H.R. 133, 116th). 

In the years between these benchmark bills, EISA07 and EACT20, nothing comprehensive was 

able to get past both the House and the Senate despite consistent efforts, particularly during the 111th 

Congress. The famous Waxman-Markey bill in the House, the American Clean Energy and Security Act of 

2009 (ACESA09) (H.R. 2454, 111th), passed the House but never made it to the Senate floor for a vote, 

and its intended Senate companion, the Kerry-Graham-Lieberman (KGL) bill, or American Power Act of 

2010 (APA10), did not make it either. Though the Democratic party had a controlling majority in both 

chambers during this Congress, its filibuster proof majority in the Senate (60 seats versus the 

Republicans’ 40) was upset by the sudden death of Senator Ted Kennedy (D-MA) and the victory of 
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Republican candidate Scott Brown to replace him (59 seats now versus 41)1. Neither bill had enough 

bipartisan support without this protection.  

By the next Congress, the 112th, the Democrats had also lost their majority in the House. The 

Obama Administration, recognizing the futility of attempting to pass congressional legislation, resorted to 

other means. The Clean Power Plan of 2015 (CPP15), based largely on ACESA09, was codified by the 

Environmental Protection Agency (EPA) as a rule under the Clean Air Act, which provides for the 

regulation of carbon emissions from fossil fuel power plants. The plan’s aim was to set enforceable 

carbon pollution limits that would begin in 2022 and scale up to 2030 and incentivize renewable energies 

and efficiency. It has, however, since been repealed and replaced by the Trump Administration’s 

Affordable Clean Energy rule (the “ACE rule”). The ACE rule is but a shadow of its predecessor, 

promising to reduce overall emissions by only 0.7 to 1.5 percent (%) by 2030 (Irfan, 2019) as compared 

to the CPP15’s 32 percent (%) reduction below 2005 levels in electric sector carbon pollution and 72 

percent (%) of sulfur dioxides (SO2) and 90 percent (%) of nitrous oxides from power plants (FACT 

SHEET: Clean Power Plan by the Numbers, 2017).  

In addition to the CPP15 though, other limited policies have also managed to secure passage 

since 2007 as a part of large, non-energy specific bills. The two most notable of these policies were: i) the 

increase and extension of the investment tax credit (ITC) for solar energy and the production tax credit 

(PTC) for wind and other renewable energies and ii) the creation of the Internal Revenue Code (IRC) 

section 45(Q) credit for carbon capture, utilization, and sequestration.  

The solar ITC in particular, originally established as an income tax credit in 1978 and 

administered and evolved since then at the federal-level2, has been one of the few consistently continued 

and beneficial pieces of renewable energy policy. According to the Solar Energy Industries Association 

(SEIA), the ITC alone has increased solar energy production by 10,000 percent (%) at an average annual 

growth rate of 52 percent (%) since the ITC’s increase to 30 percent (%) and the extension of the 

residential phase out and commercial rate decrease in the Energy Policy Act of 2005 (EPACT05). The life 

of the ITC has always been temporary, however. Its most recent extension, lobbied heavily for by the 

 
1 Reilly, Amanda, and Kevin Bogardus. “CLIMATE: 7 Years Later, Failed Waxman-Markey Bill Still Makes 
Waves.” E&E News, 27 June 2016, www.eenews.net/stories/1060039422. 
2 National Energy Act of 1978 (H.R. 8444, 95th) 
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SEIA and included as a part of the CAA21, only added two years to its phase down timeline, which is now 

set for 10 percent (%) for commercial projects and an end to the credit for residential projects by 2024 

(Scully, Solar ITC extension included in US coronavirus relief package). Even this relatively stable and 

successfully facilitative policy will no longer be able to support solar energy to the extent it once did. 

 What continues to fuel the solar energy and renewables debate though is their perceived threat 

to the economic stability of fossil fuel-based towns, states, and regions. A narrative propagated by the 

fossil fuels industry and their political allies. It is for this very reason that useful bipartisan support for 

legislation has been largely withheld and a coalition of 27 states and a variety of businesses and related 

organizations launched an attack on the CPP15, lauded by many as one of the most aggressive pieces of 

legislation on emissions and the energy transition in recent history (NRDC, 2017). The coalition took the 

rule to court and the final U.S. Supreme Court 5-4 ruling in the coalition’s favor that the rule was 

somewhat federally overreaching laid the groundwork for its repeal (Hurley & Volcovici, 2016). The road 

to a cleaner future will require a multitude of solutions and attempts to halt or drastically deter the arrival 

and growth of zero emissions technology such as commercial solar photovoltaic panel farms will only 

slow progress towards net-zero emissions. Disproportionate power within the energy market will need 

effective policy solutions to rebalance the scales and provide support to nascent and still establishing 

industries like solar, as well as other renewable and clean energy technologies.  

III. A REVIEW OF THE LITERATURE  

There have been many studies that have explored both the energy- and renewable energy-

economic growth nexus, and the relationship between energy in general or a specific type and the 

economy. It has been summarily established that energy in general is connected to economic 

development and wellbeing as both a driver of productive output and an indicator through consumer 

demand. However, the way in which that relationship manifests itself varies widely depending on the 

country and stage of economic development. What effective supply and utilization of energy means to the 

success of a country then is also equally unclear. It has been established, though, that there are four 

primary categories of causal hypothesis into which the conclusions of the studies fall (Sqaulli, 2007; 

Payne, 2010; Ozturk, 2010; Sebri, 2015; Tiba and Omri, 2017; Adewuyi and Awodumi, 2017; Cvijovic et 

al., 2020):  
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Table 1. Energy-Economic Growth Nexus Hypotheses  

Growth hypothesis 
A significant unidirectional causal relationship running form energy 
consumption to economic growth, implying that an increase or decrease 
in consumption will lead to a parallel change in productivity. 

Conservation hypothesis 
The unidirectional relationship between economic growth and energy 
consumption runs the other way. Economic growth will lead to increased 
energy consumption or declines to decreases. 

Feedback hypothesis 
A bidirectional causal relationship in which increases in energy 
consumption cause economic growth which leads to increases in energy 
consumption. 

Neutrality hypothesis 

No significant relationship exists between energy consumption and 
economic growth because energy is but a small part of a country’s 
economy. Fluctuations in consumption, whether due to policy efforts to 
expand or contract it or otherwise, should therefore have no real effect on 
growth. 

  
The Adewuyi and Awodumi (2017) review of 136 studies analyzing the general energy-economic 

growth nexus and spanning the last three (3) decades reveals that the feedback hypothesis is primarily 

confirmed (41%), almost half conclude a growth (25%) or conservation (21%) relationship, and the 

remainder (13%) find neutrality; no-relationship.  A more recent review by Cvijović et al. (2020) attempts 

to address the dearth in comprehensive examinations of the renewable energy-economic growth 

relationship in particular. It assesses fifty 50 studies conducted over the last decade that focus specifically 

on renewable energy consumption and GDP within different countries and across regions. They find 

similar results in that the studies mostly confirm evidence of the feedback hypothesis (37%) and similar 

proportions fall within the growth (26%), conservation (21%), and neutrality (16%) categories.  

 Amongst those who found  evidence of economic growth from renewable energy consumption, 

Fang (2011) was one of the first, examining the renewables consumption in China. This relationship was 

then confirmed by several other studies using a variety of regression techniques and countries (Bao and 

Xu, 2019; Yildrim et al., 2012; Destek and Aslan, 2017; Ozcan and Ozturk, 2019; Bildirici and Özaksoy, 

2013; Dogan, 2015; Alper and Oguz, 2016; Amri, 2017b; Gozgor, 2018; Al-mulali et al., 2014; Halkos and 

Tezeremes, 2014; Bilgili, 2015; Chang et al., 2015; Koçak & Şarkgüneşi, 2017). Bulut and Inglesi-Lotz 

(2019) in particular used Industrial Production Index (IPI) instead of GDP as the economic measurement 

for their analysis of the United States (U.S.) (See Appendix A: Hypotheses and Literature Matrices, Table 

A1: Growth Hypothesis Literature for additional studies and details). The studies whose results indicated 

a conservation relationship running from GDP to renewable energy consumption are equally diverse. 
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Sadorsky conducted some of the early studies on 18 emerging countries (2009a) and the G7 countries 

(2009b). Apergis and Payne (2011a), Furuoka (2017); Ocal and Aslan (2013); Rahman and Velayutham 

(2020); Xu (2016); Bildirici and Özaksoy (2013) and several others (e.g. Xu, 2016) then confirm this (See 

Appendix A, Table A2: Conservation Hypothesis Literature). In the studies that find evidence that 

renewable energy consumption is both caused by and leads to economic growth, and thus substantiation 

of the feedback hypothesis, Apergis and Payne (2010a, 2010b, 2011a, 2011b, and 2012) and Menyah 

and Wolde-Rufael (2010) provide some of the initial studies also using various methods and both 

developed and developing countries around the world. Others such as Tiwari (2011); Lin and Moubarak 

(2014); Shahbaz et al. (2015); Rafindadi and Ozturk (2017); and Aydin (2019) then confirm these findings 

(See Appendix A, Table A3: Feedback Hypothesis Literature). For the studies for which no significant 

relationship is found and the neutrality hypothesis is validated, Bowden and Payne (2010) produced one 

of the first analyses using U.S. data from 1949 to 2003. Their results revealed no relationship between 

renewables consumption and GDP in the long-run. Menegaki (2011) also found there to be no effect in 

twenty-seven 27 European countries from 1997 to 2007. Then many of the same studies that found there 

to be growth, conservation, and, or, feedback relationships, found evidence of neutrality as well (Chang et 

al., 2015; Al-mulali et al., 2013; Alper and Ogu, 2016; Destek and Aslan, 2017; and Koçak & Şarkgüneşi, 

2017; Yildrim et al., 2012; Dogan, 2015; and Ozcan and Ozturk, 2019; Destek, 2016; Pao and Fu, 2013; 

see Appendix A, Table A4: Neutrality Hypothesis Literature). 

 While there is high degree of variance and lack of consensus, a logical outcome given the 

heterogeneity of the countries examined and methods employed, it is evident that the majority of the 

results of the studies confirm some form of relationship. What these studies miss though, and what is still 

relatively uncommon, is an examination of investment in renewable energy and the supply side measure 

of production capacity, as opposed to consumption, as well as a focused assessment of disaggregated, 

individual renewable resources. Based on approaches by Gosh (2009) and Hope and Morimoto (2004), 

Kahsai et al. (2014) analyzes the supply of renewable energy in the forty-eight (48) contiguous US states 

and the District of Columbia (DC) from 1997 to 2009. They also use employment as an additional 

measure of economic wellbeing associated with capital formation based on approaches by Apergis and 

Payne (2010a, 2010b, and 2011b); Menegaki (2011); Payne (2009); Chien and Hu (2007); and Ewing et 
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al. (2008). Chien and Hu in particular reveal an indirect positive relationship between renewable energy 

and GDP through capital formation. In the long-run, Kahsai et al. find evidence of the growth hypothesis 

between renewable energy supply and GDP, and in the short-run, evidence of the growth hypothesis 

between renewables and employment. Bulut and Apergis (2020) also begin to explore disaggregating 

renewables by examining solar in addition to renewables on the whole. They also find that there is 

evidence of the growth hypothesis running from renewables consumption to GDP in the long-run and 

from solar energy consumption to GDP in the long-run. On the other hand, Bulut and Menegaki (2020) 

look at both solar energy specifically and supply side production capacity, as they relate to GDP, from 

1999 to 2015 in the top 10 countries in installed solar capacity as of 2017 and find no relationship 

between solar energy production and GDP. See Appendix A.  

 This study will therefore aim to contribute to the compendium on the renewable energy-economic 

growth nexus by focusing on solar energy production, employment, and income per capita, in place of 

GDP, at the county level in the US state of Texas. What is also common among the above-mentioned 

studies and the others listed in the Appendix A: Hypotheses and Literature Matrices is that they primarily 

focus on the national and regional levels. Only Kahsai et al. (2014) and Bao and Xu (2019) go deeper and 

more granular, comparing energy provision or utilization across states in the US and provinces in China. 

It is the intention of this study then to also provide additional granularity to the anthology by assessing 

solar and economic development across counties in the state that is the second (2nd) highest in solar 

energy production.3  

IV. DATA AND EMPIRICAL MODELS 

A. Hypothesis 

The hypothesis of the analysis of this study is that there is a statistically significant positive 

correlation between the production of solar energy electricity and economic growth. The intuition of this 

supposition is that entrepreneurial investments in solar electricity utilities and the resultant growth will 

have created additional short-, medium-, and long-term local employment as a result of the construction 

and operation of facilities, infrastructure, and the businesses that own them, in addition to supporting and 

 
3 Based on SEIA data as of quarter 4 (the last few months) of 2020: https://www.seia.org/state-solar-policy/texas-
solar  

https://www.seia.org/state-solar-policy/texas-solar
https://www.seia.org/state-solar-policy/texas-solar
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growing local economic productivity through the provision of electricity.4 Solar energy businesses and 

their related infrastructure also typically require higher-skilled labor and therefore should have paid higher 

wages and salaries. This will have thus created more wealth in the local communities as a result of the 

creation of these employment opportunities. A competitively affordable energy option that was likely even 

cheaper than the alternatives at times will have also either created business cost and household income 

savings, or at least not negatively impacted the income in any meaningful way.   

B. Data 

The electric energy production data for this study come from the annual EIA-860 electricity survey 

conducted by the U.S. Energy Information Administration (EIA)5, an agency within the US Department of 

Energy. The Form EIA-860 is an established and mandatory annual survey conducted under the Federal 

Energy Administration Act of 1974 (Public Law 93-275)6 for the purpose of collecting information on 

existing commercial electricity plants and those scheduled to be operable within 10 years of filing the 

survey7. It collects generator-level information on plants that provide a combined total of at least one (1) 

megawatt (MW) of power (the “nameplate capacity”). In addition to nameplate capacity, the survey also 

includes data on variables such as associated environmental equipment; the type of electricity generation 

technology; the various types of fuel resources used at combination plants, such as natural gas and 

agricultural by-products; summer and winter capacities; operation start dates; and past and pending 

retirement dates (closure of the plant). It and its past versions, the EIA-860’s A and B, have been 

conducted since 1990. The 860 taking over for the 860(A), utility, and (B), non-utility, surveys as of 2001. 

The data also come from the Bureau of Economic Analysis (BEA), an independent agency within 

the US Department of Commerce, which conducts annual surveys as well to collect information on 

employment, income, and other economic variables. The particular surveys used for this study are the 

CAEMP25 survey on overall and sector-by-sector employment and the CAINC4 survey on personal 

income, population, and income per capita. Both the BEA and EIA surveys used are from 2009 to 2019, 

 
4 The use of a measure of employment as a dependent economic indicator variable related to outcomes from energy 
supply having been established by Kahsai et al. (2014). 
5 Additional information and datasets can be found on the EIA’s Form EIA-860 landing page 
https://www.eia.gov/electricity/data/eia860/  
6 EIA related legislative timeline general overview provided by EIA: https://www.eia.gov/about/legislative_timeline.php  
7 Overview of all surveys conducted by the EIA provided by the EIA: https://www.eia.gov/Survey/  

https://www.eia.gov/electricity/data/eia860/
https://www.eia.gov/about/legislative_timeline.php
https://www.eia.gov/Survey/
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11 years in total. Of the 252 counties in Texas, the 162 that had at least one electricity generation facility 

during at least one year of the period of analysis were included (see Appendix B, Table B1). This criteria 

for inclusion means that there are some counties for which there is not energy data for all 11 years since 

they did not have facilities for the entirety of the period. The dataset is therefore somewhat unbalanced. 

Also of note, the indicator variable that is later created for whether or not a county is rural or urban was 

based on designations provided by the Texas Department of Agriculture (see Appendix B, Table B1 and 

Figure B1).  

This period of analysis was chosen based on its relation to federal and state level policy, 

legislation enactment, and related energy industry activity; the length of the time period; and the most 

recent data available. Much of the significant policy activity at the federal level and in Texas involving 

solar and renewable energy in general, such as the EPACT05, EACT20, and the fossil fuel industry’s 

battle against solar through manipulation of the RPS (Stokes, 2020, pp. 125-140), occurred either in the 

years prior to 2009 or very recently. This means that some of the direct and derivative effects of the 

policies and activities would have begun to emerge at least by 2009, potentially earlier, and continued to 

evolve over the course of the decade, mitigated of course by other exogenous, external factors. On the 

other end, policies that were enacted very recently, like the EACT20, will not have yet begun to take 

effect.  

C. Models  

To measure the key independent variable of solar energy electricity supply and the development 

of this industry sector, the analysis will use the quantity of electricity that a commercial solar facility could 

technically produce (the “nameplate production capacity”, or just “nameplate capacity”), as measured in 

megawatts (MW’s) (Figure 2, metric scale for watts). This is because the quantity of MW’s that a facility is 

able to provide is a proxy indicator for its size and therefore the amount of human capital, employed 

persons, necessitated for construction and operation, as well then as economic production stimulated by 

wages earned from related employment, energy sold to the market at the market rate and profits earned, 

and overall changes in local and regional income.  
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Figure 2. Metric Scale for Measuring Watts.  
Source: https://www.allaboutcircuits.com/textbook/reference/chpt-1/metric-prefixes-and-unit-conversions/ 
 

For the dependent variables, employment rate and income per capita, employment will be 

measured by an employment rate that is generated for each county by dividing the total number of 

occupied jobs by the total population8 while income per capita is the overall income of a county divided by 

its population. Employment rate is used to capture changes in the proportions of the populations that are 

employed and income per capita the changes in the average income for individuals. Since the metric in 

national and regional level studies for measuring wealth and prosperity has typically been GDP as an  

indicator of the overall economic health of a country or countries as it relates to the consumption, and 

very occasionally the production, of energy, it follows then that a county-level supply-side analysis could 

use income per capita to capture the more granular, local changes in wealth as it correlates to changes in 

the solar energy industry.  

To investigate the hypothesis that there is a positive correlation between changes in the solar 

energy industry and the local economies in which facilities and operations are based, this study will 

employ two (2) econometric regression models. Model 1 will analyze the relationship between solar 

nameplate capacity supply and changes in employment rate. Model 2 will analyze the relationship 

 
8 The rate is likely skewed lower than it would be since population delineations, such as by age 14, the legal working 
age in Texas, and older, are not available in the surveys used. Texas child labor law: 
https://www.twc.texas.gov/jobseekers/texas-child-labor-law.  

https://www.allaboutcircuits.com/textbook/reference/chpt-1/metric-prefixes-and-unit-conversions/
https://www.twc.texas.gov/jobseekers/texas-child-labor-law
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between the solar nameplate capacity and changes in income per capita. In both cases then the solar 

nameplate capacity is the primary independent variable of interest while employment rate is the 

dependent variable in Model 1 and income per capita the dependent variable in Model 2.  

Both models will also include covariates controlling for the presence of electricity commercially 

produced by fossil fuels and other renewables, and fixed effects to control for other related observable 

and unobservable entity and time in-variant characteristics (covariates). The presence of fossil fuels- and 

other renewables-based electricity generation are indicated for using dummy indicator variables (equal (=) 

to 1 or 0), where 1 denotes that there is a presence and 0 that there is not. These dummy variables were 

created using the original continuous variables for fossil fuel and other renewables nameplate capacity. 

These high-level category variables were created by summation aggregation of the nameplate capacities 

of facilities exclusively or primarily using a type or various types of fossil fuels or other renewables (see 

Appendix B, Tables B2 and B3 and Figure B2).  

In addition to these covariates, Model 1 (employment rate) will include total earnings from wage 

and salary jobs for a given county and year as well and Model 2 (income per capita) will include the 

employment rate for a given county and year. This is based on labor theory that wages and income are 

related to labor supply due to the income and substitution effects: the impact that increased or decreased 

income has on the amount of labor that existing or potential workers provide based on tradeoffs between 

leisure, employment, and income. For the income per capita, solar energy supply, and wages and salary 

income variables, the measures will be adjusted using the natural logarithm and represented in the 

analysis as such.  

The two models are as follows: 
 
(1) Y1 = β0 + β1LSECit + β2FECit + β3ORECit + β4LWSIit + ΣβitFEit + μit  
 
(2) Y2 = β0 + β1LSECit + β2LSEC2

it + β3LSEC3
it + β4LSEC4

it + β5LSEC5
it + β6FECit + β7ORECit + 

β8EMRit + ΣβitFEit + μit  
 
Where Y1 denotes employment rate; Y2 is the logged income per capita; LSECit the logged nameplate 

capacity of solar energy electricity and β2LSEC2
it to β5LSEC5

it its exponentiations; and FECit, ORECit, 

LWSIit, and EMRit are the covariates for the presence of fossil fuel electricity facilities, the presence of 

other renewable resources facilities, the logged total earnings from wages and salaries, and employment 

rate respectively. The fixed effects then are denoted by FEit and the error term by μit. 
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Table 2 contains a summary of the variable labels, their descriptions, the expected sign (positive 

or negative) of the relationship between the dependent variables and the independent variables based on 

the literature reviewed and economic and labor theory, and the rationale for its inclusion. 

Table 2. Summary of Model Variables 

Label Variable Description 

Predicted  
sign of the 
relationship 
with Y1 or Y2 

Rationale, using 
previous studies 
if applicable 

Y1 Employment 
Rate 

The proportion of the 
population in a given county 
that occupies at least one job. 
  

N/A Kahsai et al. 
(2014); labor theory  

Y2 Income Per 
Capita 

The average income per 
capita in a given county. A 
continuous variable that is 
logged for use in the model 
and the analysis. 
 

N/A Measurement of 
local wealth based 
on use of GDP in 
other analyses; use 
of log (GDP/labor) 
in Gozgor (2018) 

LSECit Solar Nameplate 
Capacity 

The reported number of MW’s 
of electricity that a solar 
electricity generator can 
produce. A continuous 
variable that is logged for use 
in the model and the analysis. 
 

Positive Bulut & Menegaki 
(2020); Kahsai et 
al. (2014) 

FECit Presence of 
Fossil Fuel 
Electricity 
Facilities 

The reported number of MW’s 
of electricity that an electricity 
generator run primarily by 
fossil fuels can produce. A 
dummy variable created for 
use in the model and the 
analysis using the original 
continuous variable. 
 

Positive Fossil fuels are a 
large market in 
Texas that also 
impacts the labor 
market, economic 
productivity, and 
therefore local 
wealth 

ORECit Presence of 
Other 
Renewables 
Electricity 
Facilities 

The reported number of MW’s 
of electricity that an electricity 
generator run primarily by 
renewable energy resources 
other than solar can produce. 
A dummy variable created for 
use in the model and the 
analysis using the original 
continuous variable. 
 

Positive Fossil fuels are a 
large market in 
Texas that also 
impacts the labor 
market, economic 
productivity, and 
therefore local 
wealth 

LWSIit Income from 
Wages and 
Salaries 

The income specifically from 
wages and salary jobs in a 
given county. A continuous 
variable that is logged for use 
in the model and the analysis. 
 

Positive 
 

Labor theory of 
relationship 
between wages, 
salaries, and 
employment rate 

EMRit Employment 
Rate 

The same variable and 
measurement as the 

Positive Labor theory of 
relationship 
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dependent variable for Model 
1: the proportion of the 
population in a given county 
that occupies at least one job. 
 

between wages, 
salaries, and 
employment rate 

FEit County and Year 
Fixed Effects 

This is a model formula 
technique often used for 
estimation when data spans 
multiple entities (counties in 
this case) and years. It 
accounts for all entity- and 
time-varying variables and 
helps with reducing bias 
(inaccuracies) in the 
estimations. 
 

N/A Using this function 
is a standard 
approach for panel 
datasets since it 
controls for all time 
and entity fixed 
characteristics and 
greatly reduces 
omitted variable 
bias 

μit Error Term All observed and unobserved 
variables that are not included 
in the model. Not in the 
analysis output as it is not 
computable and will 
theoretically be ~ 0 

N/A N/A.  

Sources of variables: All variables are from the composite data set created from the annual EIA Form 
EIA-860 survey and the annual BEA CAINC4 and CAEMP25 surveys and were either provided by the 
surveys or created using the original survey variables. 
 
 Like in Bulut and Apergis (2020), the analysis will also include “total renewables” versions of each 

model to compare the relationships between renewables in general and local economies, versus solar 

energy and economies. The variable for the total nameplate capacity of all renewables facilities in a given 

county and year was created in the same way as the other aggregate variables for fossil fuels and other 

renewables aside from solar energy. This variable is also adjusted using the natural logarithm and 

represented in the models as such. These models will also not include the “other renewables” indicator 

variable (ORECit) since all renewable energy resources will be included in and represented by the new 

key independent variable for total renewables capacity. The other covariates for fossil fuel capacity, 

income from wages and salaries, the employment rate, and the use of fixed effects will remain the same.  

The two comparative models are as follows: 
 
(3) Y1 = β0 + β1LRECit + β1LREC2

it + β2FECit + β4LWSIit + ΣβitFEit + μit  
 
(4) Y2 = β0 + β1LRECit + β1LREC2

it + β1LREC3
it + β2FECit + β4EMRit + ΣβitFEit + μit  

 
Where Y1 and Y2 still denote employment rate and logged income per capita and LRECit the logged 

nameplate capacity of all renewable energy electricity (“total renewables”). Like in Model 2, additional 



16 
 

exponentiations of total renewables capacity are added to more accurately specify the form of the models 

in relation to the dependent variables. The other covariates are the same as denoted in Models 1 and 2.   

To start, however, prior to establishing the final form of the models to be used for the analysis, 

reported above, the models employed the original, numerically continuous versions of the fossil fuel and 

other renewables capacity variables, adjusted using the natural logarithm. Model 1 also used the 

calculated average of wages and salaries income for each county and year instead of the natural 

logarithm of the income in the final model. The forms of the models were then adjusted based on the 

results of further diagnostics. 

The original forms of the models were as follows: 
 
(O-1) Y1 = β0 + β1LSECit + β2(natural log of fossil fuel capacity in MW’s)it + β3(natural log of other 

renewables capacity in MW’s)it + β4(average of income from wages and salaries)it + ΣβitFEit + μit  
 
(O-2) Y2 = β0 + β1LSECit + β2(natural log of fossil fuel capacity in MW’s)it + β3(natural log of other 

renewables capacity in MW’s)it + β4EMRit + ΣβitFEit + μit 
  
Where Y1, Y2, and the abbreviations for the other independent variables are defined the same as in the 

final models described above. The fixed effects are not yet included since these are the base OLS 

models used to conduct a series of diagnostic tests.  

D. Model Diagnostics and Development 

 Though the use of fixed effects is a standard approach to the analysis of panel data, the models 

were developed by starting with ordinary least squares (OLS) versions and tests for heteroskedasticity;  

high correlations and model specification issues such as omitted variable bias (OVB). This is to confirm 

that the intended covariates and the way in which they are measured are appropriate, and that employing 

fixed effects is warranted. 

i. Heteroskedasticity  

 To test for the presence of heteroskedasticity in the difference between the estimated and actual 

values of the dependent variables, the residuals, using these original models (O-1 and O-2), informal 

plots and a Huber-White test are used. The results of the tests for Model O-1 and Model O-2 are provided 

in Figures C1 and C2 and Tables C1 and C2 in Appendix C. Based on the very high chi2 values, the tests 

confirm that there are heteroskedastic variances of the residuals. The heterogeneity of the residuals is 
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depicted in Figure C1 for Model O-1 and Figure 2 for Model O-2. The uneven distribution being the 

indication of heteroskedasticity. To correct for this, the final models use clustered, robust standard errors.9 

ii. Model Specification Tests 

 To test for specification errors, the Link Test is used. For omitted variable bias in the models, the 

Ramsey RESET Test is used. The results of the Link Tests are provided in Tables D1 and D2 and the 

results of the Ramsey RESET Tests in Tables D3 and D4 of Appendix D. The Link Test for both Models 

O-1 and O-2, employment rate and income per capita, indicate that there are specifications error. 

Adjustments to either the dependent or independent variables will need to be explored, in addition to 

adding fixed effects. The Ramsey RESET Tests for both models also definitively indicate that there is 

omitted variable bias based on the well below 0.05 p-values. This will be attempted to be corrected for by 

incorporating fixed effects, which will control for different characteristics across time and the counties. 

This is similar to simply adding individual variables for all of these characteristics, but that would require 

collecting and adding the data on them and then adding each variable to the models. This is, at the least, 

very time consuming, but usually more often infeasible since some characteristics are either not possible 

to measure or the data are not available or difficult to obtain. 

iii. Correlations 

 A high degree of correlation between any of the independent variables, multicollinearity, would 

also be an indication that the models are not correctly specified since there would be redundant 

measurements. If the correlation is high enough then it is automatically dropped from the regression 

model in question when an analysis is run. The correlations between the variables in Model O-1 are 

provided in Table E1 of Appendix E, and in Table E2 for Model O-2. The correlation values for the 

independent variables, the rate at which the value of the variables move together, are all sufficiently low 

enough to indicate that there is not a need to remove them from or replace them in the models to correct 

for collinearity.  

iv. Measures of Income and Employment 

 There are two measurements of income that could be used as the key labor theory employment 

rate covariate: average total income from wages and salaries for each county and year and the overall 

 
9
 Clustering  
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total income from wages and salaries. Average income is calculated by dividing total wages and salaries 

income by the total number of jobs and is left as a continuous variable. A variable for total personal 

income was not considered since it includes income from all sources, not just employment. The average 

income from wages and salaries was initially chosen for the model since it also rescales the large range 

of total income values (Appendix F, Table F1), like the natural logarithm, and makes smaller changes in 

the average over time, relative to employment rate, more noticeable. However, the value scale and range 

for average income is curiously low relative to expectations for this measurement (Appendix F, Table F2). 

Total income is adjusted then using the natural logarithm and replaces average income in the final Model 

1. Summary descriptive statistics for average income and the log of total income are provided in Table F3 

of Appendix F. A comparison of the regression results for Model O-1 using first average income and then 

the log of total income, summarized in Table F4 of Appendix F, confirms that using the log of total income 

does not change the parameters of the analysis, such as the number of observations and counties 

included, though it does increase the R2. The higher the R2, the greater the proportion of the variance 

between estimated and actual values for a dependent variable that is explained by the model. This is 

simply something to note and is not a deciding metric for developing a causal model.  

 The measurement for the dependent income variable in Model 2 though was chosen specifically 

because it is a measure of overall wealth, averaged out over the population (per capita). This is to 

account for the myriad ways in which the commercial solar energy industry could impact local wealth as a 

byproduct of both economic productivity and energy cost savings (or lack thereof). Employment rate was 

also chosen as a preferable method of measurement over the natural logarithm of total jobs since it 

transforms the variable into a 0 to 1 proportion, that is both simpler to interpret and frames employment in 

the context of the populations, as opposed to abstracted total jobs. Summary statistics of the employment 

rate are provided in Table F5 of Appendix F, including the 25th, 50th, and 75th percentile values to 

demonstrate that the range of values falls primarily between 0 and 1.10  

 

 
10 In this study the employment rate is calculated using total population, not taking age into account. These rates also 
do not take into account workers that live and work in different counties or hold more than one job, which are likely 
contributing factors to the few outlier values that are above 1 (100%). Out of 1,424 observations in total there are only 
16 with an employment rate above 1.  
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v. Indicators for Fossil Fuels and Non-solar Renewables  

 Like the measurement for the key independent variable for solar nameplate capacity, the current 

measurements for fossil fuels and other renewables capacities are the natural logarithm calibrations of 

the range of MW’s each resource category can provide. Another method of measurement though is a 

binary indicator for the presence in an observation of a given characteristic, such as whether or not there 

is commercial fossil fuel or other renewables electricity production. The benefit of accounting for electricity 

generated by these other industries and resources is that the interpretation of the variable as it relates to 

employment rate is more straightforward. A comparison of the results of the Model O-1 and Model O-2 

regressions using the natural logarithm version of the variables and then the binary indicators, 

summarized in Tables G1, G2, G3 and G4 of Appendix G, confirms that the indicator variables are not 

related to the parameters of the sample and so are viable substitutes in that respect. They also do not 

significantly alter the performance of the model. In fact, only in Model O-1 does fossil fuels become 

somewhat significantly correlated, at a 10 percent (%) level of significance, with employment rate. For 

these reasons, the final models employ the indicator versions of the fossil fuels and other renewables 

variables; the indicator versions of the variables do not noticeably change the functioning of the models 

and only make the interpretation of the relationship between them and the dependent variables simpler.  

vi. To Exponentiate or Not  

Now that Model O-1 resembles its final stage version it will be referred to simply as Model 1. 

Model 2 is not yet finalized at this stage and so will still be referred to as Model O-2. Key income 

employment fossil fuels, and other renewables covariates have been examined and adjustments have 

been made accordingly, and so the remaining variable to examine is the key independent, solar capacity. 

Since solar capacity is a continuous variable measured in MW’s, even in natural logarithm form, it is 

possible that the relationship between it and either employment rate or income fluctuates. To investigate 

this the key independent variable, solar nameplate capacity, is graphed against both dependent variables 

to visually observe the relationships. Fitted line graphs, including the 95% confidence interval spread, are 

provided in Figures H1 and H2 of Appendix H. The graphs show that there are indeed curvatures to the 

linear relationship between solar capacity and both dependent variables, but especially income per 

capita, which has a greater spread of data points than solar capacity and employment rate. It could 
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possibly have as much or more than a quartic relationship. The relationship between solar capacity and 

employment rate is much closer to fitting a straight relationship. A more precise plotting of the data points 

in both relationships, provided in Figures H3 and H4 of Appendix H, reveals a clearer picture. To test 

these relationships, both models were run using exponentiations of solar capacity up to the sixth power 

as compared to the base models since there are about six turns to the more precise fitted line of the more 

spread-out relationship between solar capacity and income. Higher exponents have a less steep climb in 

the relationship. 

The results of the stepwise, comparative regressions reveal that there is not a substantial change 

in solar capacity in Model 1 and the additional exponentiations are not statistically significant estimators 

(Appendix H, Table H1). This is not the case though for Model O-2. Out to the fifth level of exponentiation 

(power of 5) all measures of solar capacity are significant at the 95% level (p ≤ 0.05) and greater, 

indicating that the variation in the relationship between solar capacity and income is considerable enough 

to warrant them (Appendix H, Table H2). They are therefore incorporated into the final version of the 

model and Model O-2 now resembles Model 2. 

vii. Final Models Descriptive Statistics  

The descriptive statistics for the final model variables, except for solar capacity’s exponentiations, 

are provided in Table I1 of Appendix I. Since the foundational variable of interest is solar capacity and the 

exponentiations are derived from it, their statistics would not contribute any substantive information. The 

results otherwise demonstrate that there are no noteworthy irregularities that have not already been 

addressed and reveal where the variables are concentrated on their measurement scales as reference 

points and overall context for the analysis.  

V. ECONOMETRIC METHODOLOGY AND FINDINGS 

A. The Relationship of Solar Capacity to Employment Rate and Income Per Capita  

Having developed and justified the models based on observable economics, established theory, 

and empirical analysis, we can begin to examine the relationship between the supply of commercial solar 

energy electricity and the economic activity in counties in Texas from 2009 to 2019. Based on the results 

of the fixed effects regressions provided in Table 3, the initial impression is that there is indeed a 

statistically significant relationship between solar supply and both dependent variables holding all else in 
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the models constant, from the exponentiation variables to the fixed effects. The implications and actual 

practical applicability of which differs between the two given the different structures of the models and the 

size of the solar capacity coefficients. 

Table 3. Fixed Effects Tests of Effect of Solar Capacity on Income Per Capita and Employment 
Rate 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
Model 1, whose solar capacity to dependent variable relationship is slightly simpler to interpret, 

implies that for a 10 percent (%) increase in the MW’s that an electricity facility can generate there is a 

corresponding decrease in the employment rate of approximately 0.04 percentage points.11 Though the 

significance of this correlation has a 95% level of confidence, the reality is that such a change is quite 

 
11 Log adjusted variables are interpreted in percentages and the related change in a rate variable is interpreted as a 
change in percentage points, as opposed to percentage changes.  

 (1) (2) 

VARIABLES Employment Rate Log of Income Per Capita 

   

ln(Solar MW Capacity) -0.00404** 0.152*** 

 (0.00193) (0.0443) 

ln_NmplCapMW_SE2  -0.179*** 

  (0.0599) 

ln_NmplCapMW_SE3  0.0752*** 

  (0.0277) 

ln_NmplCapMW_SE4  -0.0132** 

  (0.00507) 

ln_NmplCapMW_SE5  0.000819** 

  (0.000319) 

FossilFuel 0.0116* -0.0140 

 (0.00620) (0.0157) 

OtherRE 0.0181 -0.0124 

 (0.0109) (0.0121) 

Employment Rate  0.587** 

  (0.242) 

ln(Income Wages and Salaries) 0.237***  

 (0.0487)  

   

Observations 1,424 1,424 

R-squared 0.446 0.743 

Number of County1 162 162 

Country FE YES YES 

Year FE YES YES 
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negligible. Even if the percent increase in capacity is greater, say 50 percent (%), the decrease in the 

employment rate is still only 0.2 percentage points. The relationship then, despite the level of significance, 

is closer to being neutral and evidence in support of the neutrality hypothesis. Since this marginal rate of 

change is relative within the sample12, even the fact that the employment rate is imperfectly calculated 

has no bearing on why the rate of change would be so small and essentially neutral. This does mean 

though that this rate of change is highly localized and largely applies only to this sample of counties and 

years, and so the relationship between solar and employment in other states’ counties is potentially 

different. Some possible reasons that there is such a neutral relationship in this case, for these 162 

counties in Texas from 2009 to 2019, are i) that the number of jobs created by establishment and 

operation of the facilities and businesses, if they have local offices, is not large relative to the number of 

jobs created overall, ii) that the jobs are not attracting people who were not already previously 

employed13; iii) a decent number of the jobs created are not local, and, or, iv) a large enough portion of 

the jobs do not last over the long-run, i.e. they are short- to medium-term jobs that do not last for 11 years 

or more.  

In the case of Model 2, the relationship is more complex. Though the first coefficient for the 

marginal relationship between a change in solar capacity and income per capita is larger and positive, 

implying that there is a positive correlation, the subsequent exponentiations are now also contributing 

factors. Every percent change must now be accounted for by them all. If there is a 50 percent (%) 

change, for example, then the equation for calculating the marginal rate of change in income per capita 

related to a change in solar capacity is as follows:  

Y(marginal rate of change in income per capita for every change in solar capacity) = 0.152(.5) - 0.179(.5)2 
+ 0.0752(.5)3 - 0.0132(.5)4 + 0.000819(.5)5  
 
Each exponentiation of the percent change in capacity either diminishes or increases the marginal rate of 

change in the income per capita by diminishing factors in the long-run14, resulting in a rate that is 

ultimately different from the first, non-exponentiated variable. In this example, for a 50 percent (%) 

 
12 The marginal rate of change only applies to the change in the employment rate from one year to the next in 
counties in this sample. The way in which the employment rate is calculated is consistent across all observations in 
the sample.  
13 The number of people in the market stays the same then if workers are simply jumping from one temporary job to 
another, as can happen in construction, which accounts for a large portion of the jobs created by a new solar facility.  
14 The values of the exponentiations’ coefficients are decreasing as the exponentiation increases, and each 
exponentiation is also multiplied by the exponentiated percent change term, e.g. .5 for 50%.  
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change in capacity, the total rate of change in income per capita is actually approximately 4 percent (%).15 

The other interpretation that is equally important, is that the amount of capacity that exists prior to the 

increase is a significant determinate of the direction and magnitude of the corresponding change in 

income per capita. Notably, the installation of the first few MW’s of solar capacity in a county that did not 

previously have any, so the starting capacity was 0, correlates with the strongest increase in income per 

capita compared to any subsequent additions. This is perhaps best understood and visualized using 

Figure H4 of Appendix H. The initial upward slope of the fitted line originating from zero solar capacity 

being the installation of the first MW’s and the related increase in income.  

 Despite these inferences and their possible implications for the solar industry-local economy 

relationship, the actual magnitude of the rate of change, the constant elasticity between solar capacity 

and income per capita, is actually quite small. At a 10 percent (%) increase in capacity the rate of change 

is about 1.35 percent (%), and at 85 percent (%), still only about 4 percent (%), similar to a 50 percent (%) 

increase. This still then primarily supports the neutrality hypothesis even though the null hypothesis that 

there is no relationship between solar capacity (supply) and income per capita and employment rate can 

be rejected at the 99 percent (%) (p-value of regression coefficient is < 0.01) and 95 percent (%) (p-value 

of regression coefficient is < 0.05), respectively. It should also be noted though that in neither model is the 

presence of fossil fuels significantly correlated at the 95 percent (%) level or higher with the dependent 

variable, nor are the values of the coefficients.  

What this means practically for solar businesses and their facilities and the local economies in 

Texas, is that though the arrival and growth of commercial solar utilities is not yet associated with a 

practically significant increase in employment or income per capita in the long-run, it is also not negatively 

correlated with them either. At least not using these measures and contexts for employment and income. 

To examine if solar capacity’s relationship to the county economies changes based on the measures of 

employment and income, as well as alternative structures for the models, we will conduct sensitivity 

analyses. 

  

 
15 Similar to the log relationship to a rate, independent variable is still interpreted in percentage changes, but now so 
is the dependent variable. E.g. a 1% change in solar capacity is equal to a .152% change in income per capita, if the 
other exponentiation terms were not there. To get the total marginal rate of change each exponentiated term must be 
included.  
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B. Sensitivity Tests 

i. OLS with Indicators for 2012, Rural Counties, and Years 

The first analysis has to do with a turning point year for Texas, 2012, before which the state 

employment rate had slightly dipped by about 67,000 jobs.16 The dip occurred specifically from 2008 to 

2009 with the market recovering in 2010 and increasing again in 2011. This is likely related to the Great 

Recession that began in 2008. Such a period of economic difficulty and change is therefore expected to 

be a significant factor in determining an industry’s, like solar to actually grow both the employment rate 

and income for a county during the period of this study’s analysis. When adding in a “turning point” 

indicator variable for before and after 2012 (A2012) to models though, there is no change at all in fact in 

any of the covariates’ coefficient values or standard errors, which means then no change in their 

significance, despite the fact that A2012 is actually a highly statistically and practically significant factor in 

estimating both employment rate and income per capita. This is not entirely unexpected since A2012 is a 

time varying characteristic, it changes over the years, given what it is measuring, and the fixed effects are 

already accounting for a multitude of these kinds of characteristics in addition to those fixed across time 

by varying across the counties. The results are provided in Table J1 of Appendix J. 

When we add an independent variable to the model though for a characteristic that is likely 

related to the presence of solar facilities and the economy and is time invariant but varies across 

counties, such as being rural or urban, along with individual indicators for the years instead of using fixed 

effects, we see something different. The results of adding an indicator for whether or not a county is rural 

or urban (Rural) in addition to A2012 and individual year indicators, which are not shown since they are 

employed simply to replace the fixed effects function, are provided in Table J2 of Appendix J. The 

indicator Rural is not a statistically significant factor itself but the significance of solar capacity changes in 

relation to both employment rate and income per capita, and the A2012 indicator does as well for income 

per capita. In neither model is solar capacity still significant. However, since Rural is invariant across time 

and A2012 is invariant across counties for a given period, the fixed effects were dropped and replaced 

with the indicators for each year to solve for the multicollinearity that would occur between fixed effects 

 
16 Employment data provided by Texas Labor Market Information’s Local Area Unemployment Statistics. 
https://texaslmi.com/LMIbyCategory/LAUS   

https://texaslmi.com/LMIbyCategory/LAUS
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and Rural and A2012 indicators. In doing so though, the OLS versions of the models with Rural, A2012, 

and the year indicators does not control for as many time and county fixed characteristics. This is 

reflected in the decreased R2’s and F-test scores for the joint significance of the independent variables in 

the models.  

The fixed effects models then are still the more effective models overall considering the greater 

breadth of variables that the fixed effects function controls for and the extent to which it therefore reduces 

omitted variables bias. Any additional insight that parsing out the Rural and A2012 variables provides is 

lost in comparison as a result of not being able to still account for as many variables manually and 

eliminate as much of the bias. Still of note though are the changes in the significance of the indicators for 

fossil fuels and other renewables in the OLS Models 1 and 2, respectively. Suddenly fossil fuels are 

significantly correlated with employment rate and other renewables with income per capita. Since this 

occurs when the fixed effects are removed and replaced it demonstrates just how much these effects 

account for that the OLS versions do not. The same of course can also be said for solar capacity. If the 

only level of analysis used were these OLS models and a few time and county invariant control variables, 

then we would be led to believe that fossil fuels are in fact a significant correlate of employment rate 

holding all else in the model constant, that , in the case of income per capita, other renewables are, and 

that solar capacity is not in either case. These are perhaps the more expected results given perceptions 

of fossil fuels and other renewables besides solar, but ones that do not hold up when we actually account 

for all fixed effects.  

ii. Other Measures for Employment and Income as Dependent Variables 

If we also examine the use of other measurements for employment, including disaggregating total 

jobs within a county into different industry sectors related to commercial energy facilities, we see a 

somewhat different story. Solar supply is no longer statistically related at the macro level to jobs when 

they are represented as a natural logarithm adjusted continuous measure. Nor is it to the natural 

logarithm of mining, quarry, and oil and gas extraction or construction jobs. In fact, the value of the 

relationship between solar supply and the log of total jobs is also extremely low, in addition to being 

significant insignificant. However, it is statistically significantly related at the 90 percent (%) level to the 

natural logarithm adjusted continuous measure of utility jobs. This is of particular note since the utilities 
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industry is of course integral to the commercial energy industry, even though the actual value of the 

relationship is still quite low (0.0318), though higher than it is for employment rate. Additionally, of note is 

the fact that fossil fuels and other renewables are statistically significantly related to total jobs. The value 

of their relationships to total jobs is also very low, but they are significantly related, nonetheless. The 

results for these analyses are provided in Table K1 of Appendix K. This change in the relationship to 

overall employment could be due to the employment rate, which was manually, simply calculated, likely 

picking up on fluctuations in the total population that are not related solar or the energy industry on the 

whole, or to employment. There could, for example, be changes in the child and elderly populations that 

are causing the rate to change but that are not related to any of the key variables. The statistically 

significant correlation between solar supply and employment rate simply being happenstance. It could 

also be that the structure of the model needs to be adjusted with exponentiations of solar capacity so that 

solar accurately relates to the new dependent variables.  

When we do run a model specification analysis for the natural logarithm of total personal income 

as the dependent variable in place of income per capita, provided in Table K2 of Appendix K, we see that 

the relationship between solar capacity and total personal income is actually quite similar to income per 

capita. Solar capacity is still statistically significantly related to the dependent variable, now total personal 

income, only out to the fifth exponentiation. The significance for the third to the fifth exponentiation is only 

at the 90 percent (%) now, however. The ratio of the coefficient values of solar capacity and its 

exponentiations is also essentially the same, though the values are now slightly higher. This primarily 

indicates that solar capacity remains statistically significantly related to the overall wealth of the counties 

even when not accounting for how it relates to the total population and its fluctuations. What is 

additionally of note is that other renewables are now highly statistically significant in relation to total 

personal income whereas they were previously not significant at all in relation to income per capita. The 

results of the comparative tests are provided in Table K3 of Appendix K. This change in other renewables 

may then mean that they are more sensitivity to changes in the population as accounted for by measuring 

on a per capita basis.  
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C. Total Renewables Comparative Analyses 

The final analyses we will run are Models 3 and 4. Similar to Bulut and Apergis (2020), as 

mentioned, these models will compare the relationship between the total aggregate renewable energy 

capacity, which is all electricity derived from renewable resources that could be supplied, and the key 

dependent variables employment rate and income per capita. Based on the on the results provided in 

Table 4 for employment rate and in Table 5 for income per capita we see that total renewables are not 

either a more statistically significant or practically significantly larger determinant of either dependent 

variable. The measures of total renewables in Model 3, which includes exponentiations only out to the 

square of the measure based on an exponentiation test, provided in Table L1 of Appendix L, reveals a 

confidence level of only a 90 percent (%) for the base measure of total renewables and then a 95 percent 

(%) level of significance for the squared term. Given the low value of the coefficients though, there is little 

to no practical significance. On net, the total marginal rate of change in employment for a change in total 

renewables capacity comes out to be approximately the same as solar capacity. The addition of other 

renewables then is mostly negligible, and we can conclude that, if anything, other renewables only 

diminish the relationship to employment rate.  

Table 4. Model 3 Employment Rate Comparative Fixed Effects Test using Total Renewables 

   

VARIABLES Solar Energy Total Renewables 

ln(Solar MW Capacity) -0.00404**  

 (0.00193)  

ln(Total Renewables MW Capacity)  -0.00676* 

  (0.00342) 

ln_TotalRENmplCapMW2  0.00155** 

  (0.000650) 

FossilFuel 0.0116* 0.0123 

 (0.00620) (0.00910) 

OtherRE 0.0181  

 (0.0109)  

ln(Income Wages and Salaries) 0.237*** 0.233*** 

 (0.0487) (0.0466) 

   

Observations 1,424 1,424 

R-squared 0.446 0.445 

Number of County1 162 162 

Country FE YES YES 

Year FE YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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For income per capita we see this as well. The base measure of total renewables capacity is 

significant at the 95 percent (%) level, but the subsequent measures are only at the 90 percent (%) and 

the overall values of the coefficients are smaller than those for solar capacity in the original model (see 

Table L2, Appendix L for total renewables exponentiation test). There is also again here a negative 

relationship overall between total renewables and income per capita, even though solar capacity 

becomes positively correlated as compared to Model 1, employment rate. While the value of the 

coefficients is practically insignificant, this change from a positive to negative relationship with the 

inclusion of other renewable resources facilities demonstrates that they so far only detract from the 

relationship between solar energy and the local economies.  

Table 5. Model 4 IPC Comparative Fixed Effects Test using Total Renewables 

   

VARIABLES Solar Energy Total Renewables 

ln(Solar MW Capacity) 0.152***  

 (0.0443)  

ln_NmplCapMW_SE2 -0.179***  

 (0.0599)  

ln_NmplCapMW_SE3 0.0752***  

 (0.0277)  

ln_NmplCapMW_SE4 -0.0132**  

 (0.00507)  

ln_NmplCapMW_SE5 0.000819**  

 (0.000319)  

ln(Total Renewables MW Capacity)  -0.0317** 

  (0.0150) 

ln_TotalRENmplCapMW2  0.0125* 

  (0.00720) 

ln_TotalRENmplCapMW3  -0.00129* 

  (0.000774) 

FossilFuel -0.0140 -0.0157 

 (0.0157) (0.0157) 

OtherRE -0.0124  

 (0.0121)  

Employment Rate 0.587** 0.593** 

 (0.242) (0.240) 

   

Observations 1,424 1,424 

R-squared 0.743 0.744 

Number of County1 162 162 

Country FE YES YES 

Year FE YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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VI. CONCLUSION AND FUTURE RESEARCH 

What these analyses tell us is that, while there is a statistically significant relationship between 

the supply of solar energy electricity and employment rate and income per capita, as well as utility sector 

employment in particular, the industry is not yet at a scale at which this relationship has any practical 

significance. Despite this, what we can further glean from the solar supply relationship with income per 

capita is that there is an initially positive correlation between the arrival of solar energy and income per 

capita that is larger than the rates of the subsequent exponentiations. It is possible that this relationship is 

related to an initial surge in employment for construction of the farm (plant) and its transmission 

infrastructure and then the gradual dispersal of those jobs as the project is completed. What this study 

and the solar energy sector needs though are following analyses that further refine and expand the data 

and analyses used. These 162 counties in Texas are but one piece of the solar landscape in the United 

States and to which the analyses conducted for the purpose of this study are only applicable. Additional 

states’ counties would increase this currently limited generalizability. 

Future studies should also address the comprehensiveness of the dataset and the calculation of 

the employment rate. Though the dataset was developed from three surveys, they were quite narrow in 

scope and so then was the final master set. Additional relevant variables on employment, energy 

industries, and demographics would potentially add power to the models if other time and entity varying 

characteristics related to the solar energy industry and the economy are identified and included. A more 

accurately calculated employment rate would also increase the accuracy of the measurement of its 

relationship to solar supply. As it stands, the current analysis can only tell us so much given the method 

of calculation employed. Beyond these data issues, further analyses could also utilize autoregressive 

distributed lag (ARDL’s) variables to better account for delayed effects (if the model used is determined to 

be able to establish causality) that changes in solar supply capacity would have on the economy, or 

correlated changes if the relationship is not soundly causal. ARDL’s are a common tool for accomplishing 

this and a logical one given that changes in the economy often take time to develop. Other, more 

advanced econometric methodologies appropriate to the county level, in addition to ARDL’s, would also 

add power to the analyses and greater ability to establish causal relationships.  
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This current analysis, however, can already contribute to ideations on the policy path forward for 

solar energy. Specifically, its indication that solar energy is statistically significantly positively correlated 

with income per capita implies that there is an opportunity to grow this relationship and its potentially 

positively causal relationship with local economies.17 Opportunities could include addressing the repeated 

renewal of the solar ITC that has likely cost companies, associations, and policy makers time and 

therefore money in labor and likely in investments as well as a result of greater risk created by the 

uncertainty of continuation of the credit. Its continually promised phase out, in spite of the fact that it has 

thus far exponentially grown the solar industry nationwide, and subsidies still remain for long-established 

oil and gas, appears to only be undermining the ability of the solar industry to fully establish itself. When it 

has reached a scale sufficient enough to sustain itself without subsidy, then the credit could be repealed 

in a similar fashion to many other programs.  

In the area of innovation, nascent market catalysts similar to the solar ITC could be developed 

and implemented to support initiatives such as alternative and multi-use siting. This is already being 

explored by some in the agriculture and livestock sector in places like Pennsylvania, North Carolina, and 

Florida through the incorporation of sheep grazing.18 Others have recently begun to take to the water. At 

almost 5 MW’s the Healdsburg Floating Solar Project in Healdsburg, California, was just completed in 

March 2021.19 This is an area though in which China has been pioneering and is currently largely leading 

the way, but the United States could catch up with the right market incentives and long-term research and 

development.20 Recently reintroduced legislation, the GREEN Act of 2021 (H.R. 848, 117th) and the 

CLEAN Future Act of 2021 (bill number and text not yet confirmed), are promising and ambitious steps, 

but the GREEN Act in particular only proposes yet another extension and phase out of the solar ITC.21 

Both pieces of legislation though have room to be more thoughtfully strategic in the long-term and 

 
17 Fixed effects are in fact a couple of steps closer to determining causality than multivariate OLS regressions, but in 
light of the dataset issues identified, we will refrain from asserting definitively that there is a causal relationship in this 
particular case.  
18 https://solargrazing.org/what-is-solar-
grazing/#:~:text=It's%20the%20practice%20of%20grazing,humans%20would%20struggle%20to%20reach.; 
https://extension.psu.edu/sheep-grazing-to-maintain-solar-energy-sites-in-pennsylvania; https://solargrazing.org/faq/  
19 https://www.pv-tech.org/us-largest-floating-solar-farm-completed-in-wine-country/  
20 https://www.power-technology.com/features/worlds-biggest-floating-solar-farms/  
21 https://pv-magazine-usa.com/2021/02/09/house-lawmakers-reintroduce-the-green-act-a-critical-bill-for-
solar/#:~:text=Lawmakers%20on%20the%20U.S.%20House,Led%20by%20Subcommittee%20Chairman%20Rep.  

https://solargrazing.org/what-is-solar-grazing/#:~:text=It's%20the%20practice%20of%20grazing,humans%20would%20struggle%20to%20reach
https://solargrazing.org/what-is-solar-grazing/#:~:text=It's%20the%20practice%20of%20grazing,humans%20would%20struggle%20to%20reach
https://extension.psu.edu/sheep-grazing-to-maintain-solar-energy-sites-in-pennsylvania
https://solargrazing.org/faq/
https://www.pv-tech.org/us-largest-floating-solar-farm-completed-in-wine-country/
https://www.power-technology.com/features/worlds-biggest-floating-solar-farms/
https://pv-magazine-usa.com/2021/02/09/house-lawmakers-reintroduce-the-green-act-a-critical-bill-for-solar/#:~:text=Lawmakers%20on%20the%20U.S.%20House,Led%20by%20Subcommittee%20Chairman%20Rep
https://pv-magazine-usa.com/2021/02/09/house-lawmakers-reintroduce-the-green-act-a-critical-bill-for-solar/#:~:text=Lawmakers%20on%20the%20U.S.%20House,Led%20by%20Subcommittee%20Chairman%20Rep
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perhaps will become so during the legislative process. However, they are decidedly not the last great 

solutions, but certainly potential steps along the way.  

With the Biden Administration’s recently released American Jobs Plan with its inclusion of clean 

energy and climate related goals22, the upcoming Leader’s Summit on Climate, the United States’ reentry 

into the Paris Climate Agreement with forthcoming updated National Determined Contributions, and 

Democratic majorities in both chambers of Congress, there is a window of opportunity for ambitious, 

bipartisan policy. Clean energy industries like solar energy still have enormous potential to be unlocked 

and technological and operational innovations, like the heralded perovskite solar cells23, that could 

change the energy landscape. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
22 https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/31/fact-sheet-the-american-jobs-plan/ 
23 https://spectrum.ieee.org/tech-talk/energy/renewables/oxford-pv-sets-new-record-for-perovskite-solar-cells 
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APPENDIX A. HYPOTHESES AND LITERATURE MATRICES24 
 
Table A1. Growth Hypothesis Literature 

Growth 

  Year Author(s) Period Country Methodology 
Details of 
Relationship 

1 2011 Fang 
1978-
2008 China OLS 

Renewable 
Energy 
Consumption 

(REC) → GDP 

2 2012 

Yildirim, 
Saraç, & 
Aslan 

1949-
2010 

United 
States of 
America 
(USA) 

Toda-Yamamoto causality 
test, Bootstrap-corrected 
causality test 

REC → GDP for 
biomass 

3 2013 
Bildirici & 
Özaksoy 

1960-
2010 

10 European 
countries 

Autoregressive Distributed 
Lag (ARDL), vector error-
correction models 

REC → GDP for 
Hungary & 
Poland 

4 2013 
Magnani & 
Vaona 

1997-
2007 

20 Italian 
regions Panel error correction REC → GDP 

5 2014 

Al-mulali, 
Fereidouni, 
& Lee 

1980-
2010 

18 Latin 
American 
countries 

Pedroni co-integration test, 
DOLS, VECM 

REC → GDP in 
the long run 

6 2014 
Halkos & 
Tzeremes 

1990-
2011 36 countries 

Local linear estimator, 
Nonparametric analysis 

REC → GDP for 
advanced 
economies 

7 2014 

Kahsai, 
Nondo, & 
Xiarchos 

1997-
2009 

48 USA 
contiguous 
states & 
D.C.  

IPS, LLC, & Hadri Unit Root 
test, Pedroni, Kao, & Fisher 
cointegration tests, Granger 
causality test 

REP → GDP in 
the long run 
 

REP → 
Employment in 
the short run 

8 2015 Bilgili 
1981-
2013 USA Wavelet analysis REC → GDP 

9 2015 Chang et al. 
1990-
2011 G7 countries 

The Emirmahmutoglu 
and Kose causality 
methodology  

REC → GDP for 
Germany & 
Japan 

10 2015 Dogan 
1990-
2012 Turkey 

ARDL, Johansen 
cointegration test, Gregory-
Hansen cointegration test 
with Struactural break 

REC → GDP in 
the long run 

11 2016 Inglesi-Lotz 
1990-
2010 

OECD 
countries Pedroni co-integration test REC → GDP 

 
24 All matrices are adapted from the matrix developed by Cvijović  et al. (2020) and expanded on. 
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12 2016 
Hamit-
Haggar 

1991-
2007 

11 Sub-
Saharan 
African 
countries 

Panel cointegration, OLS, 
DOLS, FM OLS, DSUR REC → GDP 

13 2016 
Alper & 
Oguz 

1990-
2009 

8 new EU 
countries 

Asymmetric causality test, 
ARDL 

REC → GDP for 
Bulgaria 

14 2017 
Destek & 
Aslan 

1980-
2012 

17 emerging 
countries Bootstrap panel causality 

REC → GDP for 
Peru 

15 2017 Ito 
2002-
2017 

42 
developed 
countries 

Generalized method of 
moments (GMM), pooled 
mean group (PMG) 
technique 

REC → GDP in 
the long run 

16 2017 

Kahia, 
Aїssa, & 
Lanouar 

1980-
2012 

11 MENA 
Net Oil 
Importing 
Countries 
(NOICs) 

Panel error correction 
model REC → GDP 

17 2017b Amri 
1980-
2012 Algeria ARDL REC → GDP 

18 2017 
Koçak & 
Şarkgüneşi 

1990-
2012 

9 Black Sea 
& Balkan 
countries 

Heterogeneous panel 
causality 

REC → GDP for 
Bulgaria, 
Greece, 
Macedonia, 
Russia, & 
Ukraine 

19 2018 Gozgor 
1965-
2016 USA 

Lee & Strazicich unit root, 
Pesaran et al. cointegration, 
ARDL, VECM Granger 
causality tests 

REC → GDP 
controlling for 
economic 
complexity (ECI) 

20 2019 Bao & Xu 
1997-
2015 

30 provinces 
and 7 
geographical 
regions in 
China 

Bootstrap panel causality 
test 

REC → GDP for 
4 provinces 

21 2019 

Maji, 
Sulaiman, & 
Abdul-
Rahim 

1995-
2014 

15 West 
African 
countries Panel DOLS 

Negative REC  

→ GDP 

22 2019 
Ozcan & 
Ozturk 

1990-
2016 

17 emerging 
countries 

Bootstrap panel causality 
test 

REC → GDP for 
Poland 

23 2019 
Bulut & 
Inglesi-Lotz 

2000-
2018 USA 

ADF, PP, and KPSS unit 
root test, Non-linear ARDL 
(NARDL) model 

REC → IP in the 
long run 
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24 2020 
Bulut & 
Apergis 

1984-
2018 USA 

E&L unit root, Tsong et al. 
cointegration, DOLS,  log-
linear Cobb-Douglas model 

REC → GDP in 
the long run 
 
Solar Energy 
Consumption 

(SEC) → GDP 
in the long run 
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Table A2. Conservation Hypothesis Literature 

Conservation 

  Year Author(s) Period Country Methodology 
Details of 
Relationship 

1 2009a Sadorsky 
1994-
2003 

18 emerging 
countries 

Ordinary Least Squares 
(OLS), Fully Modified 
(FM) OLS, Dynamic OLS 
(DOLS), Seemingly 
Unrelated Regression 
(SUR) GDP → REC 

2 2009b Sadorsky 
1980-
2005 G7 countries  

Panel cointegration, FM 
OLS GDP → REC 

3 2011a 
Apergis & 
Payne 

1990-
2007 

16 emerging 
countries 

Pedroni heterogeneous 
panel co-integration 

GDP → REC in 
the short run 

4 2013 
Bildirici & 
Özaksoy 

1960-
2010 

10 European 
countries 

Autoregressive 
Distributed Lag (ARDL), 
vector error-correction 
models 

GDP → REC for 
Austria & Turkey 

5 2013 

Al-mulali, 
Fereidouni, 
Lee, & Sab 

1980-
2009 108 countries FM OLS model 

GDP → REC for 
2% of countries 

6 2013 Ocal & Aslan 
1990-
2010 Turkey 

ARDL, Toda-Yamamoto 
causality test 

Negative GDP → 
REC  

7 2014 

Azlina, Law, 
& Nik 
Mustapha 

1975-
2011 Malaysia Error correction model GDP → REC 

8 2015 Chang et al., 
1990-
2011 G7 countries 

The Emirmahmutoglu 
and Kose causality 
methodology  

GDP → REC for 
France & UK 

9 2016 Destek 
1971-
2011 

Newly 
industrialized 
countries Asymmetric causality test 

GDP → REC for 
South Africa, 
Turkey, India 

10 2016 Xu 
1993-
2014 USA 

ADF, PP, & KPSS unit 
root tests, Non-linear 
wavelet analysis Granger 
causality, linear Granger 
causality 

Industrial 
Production (IP) 

→ REC  

11 2016 Alper & Oguz 
1990-
2009 

8 new EU 
countries 

Asymmetric causality test, 
ARDL 

GDP → REC for 
Czech Republic 

12 2017 Furuoka 
1992-
2011 

Baltic 
countries 

Panel cointegration test, 
panel causality test GDP → REC 

13 2017 
Brini, Amara, 
& Jemmali 

1980-
2011 Tunisia 

ARDL, Granger causality 
test 

Negative GDP → 
REC 
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14 2017 Saad & Taleb 
1990-
2014 

12 European 
Union 
countries 

Granger causality, Panel 
vector error correction 
model 

GDP → REC in 
the long run 

15 2019 Bao & Xu 
1997-
2015 

30 provinces 
and 7 
geographical 
regions in 
China 

Bootstrap panel causality 
test 

GDP → REC for 
9 provinces & 4 
geographical 
regions 

16 2020 
Rahman & 
Velayutham 

1990-
2014 

5 South Asian 
countries 

Pedroni and Kao test, 
FMOLS & DOLS 
estimation techniques, 
Dumitrescu-Hurlin 
causality test GDP → REC 
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Table A3. Feedback Hypothesis Literature 

Feedback 

  Year Author(s) Period Country Methodology 
Details of 
Relationship 

1 2010 

Apergis, 
Payne, 
Menyah, & 
Wolde-
Rufael 

1984-
2007 

19 
developed 
and 
developing 
countries 

Cointegration, Granger 
Causality 

REC  GDP in 
the short run 

2 2010a 
Apergis & 
Payne 

1985-
2005 

20 OECD 
countries 

Panel cointegration test, 
Granger causality REC  GDP 

3 2010b 
Apergis & 
Payne 

1992-
2007 

13 Eurasia 
countries 

Panel cointegration test, 
Granger causality 

REC  GDP in 
the long run 

4 2011a 
Apergis & 
Payne 

1990-
2007 

16 emerging 
countries Panel cointegration 

REC  GDP in 
the long run 

5 2011b 
Apergis & 
Payne 

1980-
2006 

6 Central 
American 
countries 

Panel cointegration, panel 
ECM REC  GDP  

6 2011 Tiwari 
1960-
2009 India 

Structural vector 
autoregression (VAR) 
approach REC  GDP 

7 2012 
Apergis & 
Payne 

1990-
2007 80 countries 

Panel cointegration and 
panel ECM REC  GDP  

8 2013 
Bildirici & 
Özaksoy 

1960-
2010 

10 European 
countries 

Autoregressive Distributed 
Lag (ARDL), vector error-
correction models 

REC  GDP 
for Spain, 
Sweden, & 
France 

9 2013 

Al-mulali, 
Fereidouni, 
Lee, & Sab 

1980-
2009 

108 
countries FM OLS model 

REC  GDP 
for 79% of 
countries 

10 2013 Pao & Fu 
1980-
2010 Brazil VECM-based causality test 

REC  GDP in 
the short run 

11 2014 

Al-mulali, 
Fereidouni, 
& Lee 

1980-
2010 

18 Latin 
American 
countries Granger causality REC  GDP  

12 2014 
Sebri & Ben-
Salha 

1971-
2010 

BRICS 
countries 

ARDL, VECM Granger 
causality REC  GDP  

13 2014 
Lin & 
Moubarak 

1977-
2011 China 

ARDL, Johansen 
cointegration, Granger 
causality 

REC  GDP in 
the long run 

14 2015 

Shahbaz, 
Loganathan, 
Zeshan, & 
Zaman 

1972-
2011 Pakistan 

ARDL, Rolling Widow 
approach (RWA), VECM 
Granger causality REC  GDP  
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15 2015 Ibrahiem 
1980-
2011 Egypt ARDL REC  GDP  

16 2015 Chang et al. 
1990-
2011 G7 countries 

The Emirmahmutoglu 
and Kose causality 
methodology  

REC  GDP 
for all countries 

17 2017 

Cherni & 
Essaber 
Jouini 

1990-
2015 Tunisia 

ARDL, Granger causality 
test REC  GDP  

18 2017 
Destek & 
Aslan 

1980-
2012 

17 emerging 
countries Bootstrap panel causality 

REC  GDP 
for Greece & 
South Korea 

19 2017 
Rafindadi & 
Ozturk 

1971-
2013 Germany 

Clemente-Montanes-
Reyesdetrened structural 
break test, Bayer-Hanck 
combined co-integration 
test, ARDL REC  GDP  

20 2017a Amri 
1990-
2012 72 countries 

Dynamic-simultaneous 
equation panel data 
approach 

REC  GDP 
for all countries 

21 2017 

Kahia, 
Aїssa, & 
Lanouar 

1980-
2012 

11 MENA 
Net Oil 
Importing 
Countries 
(NOICs) Panel error correction model REC  GDP  

22 2017 
Koçak & 
Şarkgüneşi 

1990-
2012 

9 Black Sea 
& Balkan 
countries 

Heterogeneous panel 
causality 

REC  GDP 
for Albania, 
Georgia, & 
Romania 

23 2017 
Saad & 
Taleb 

1990-
2014 

12 European 
Union 
countries 

Granger causality, Panel 
vector error correction 
model 

REC  GDP in 
the short run 

24 2019 Bao & Xu 
1997-
2015 

30 provinces 
and 7 
geographical 
regions in 
China 

Bootstrap panel causality 
test 

REC  GDP 
for 1 province 

25 2019 

Zafar, 
Shahbaz, 
Hou, & 
Sinha 

1990-
2015 

APEC 
countries 

Westerlund co-integration 
test, Continuously Updated 
FM OLS (CUPFM OLS) REC  GDP  

26 2019 Aydin 
1980-
2015 

26 OECD 
countries 

Dumitrescu-Hurlin panel 
causality test, Crous and 
Reusens frequency domain 
causality test REC  GDP  
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27 2019 
Alvarado et 
al. 

1972-
2014 

19 countries 
of Latin 
America 

Pedroni and Westerlund co-
integration techniques, 
Dumitrescu-Hurlin causality 
test REC  GDP  
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Table A4. Neutrality Hypothesis Literature 

Neutrality 

  Year Author(s) Period Country Methodology 
Details of 
Relationship 

1 2010 
Bowden & 
Payne 

1949-
2003 USA Toda-Yamamoto causality 

REC ≠ GDP in 
the long run 

2 2011 Menegaki 
1997-
2007 

27 European 
countries 

One-way random effect 
model, Panel causality 
test REC ≠ GDP 

3 2012 

Yildirim, 
Saraç, & 
Aslan 

1949-
2010 USA 

Toda-Yamamoto causality 
test, Bootstrap-corrected 
causality test REC ≠ GDP 

4 2013 

Al-mulali, 
Fereidouni, 
Lee, & Sab 

1980-
2009 108 countries FM OLS model 

REC ≠ GDP for 
19% of countries 

5 2013 Pao & Fu 
1980-
2010 Brazil ECM-based causality test 

REC ≠ GDP in 
the long run 

6 2015 Chang et al. 
1990-
2011 G7 countries 

The Emirmahmutoglu 
and Kose causality 
methodology  

REC ≠ GDP for 
Canada, Italy, & 
USA 

7 2015 Dogan 
1990-
2012 Turkey 

ARDL, Johansen 
cointegration test, 
Gregory-Hansen 
cointegration test with 
Structural break 

REC ≠ GDP in 
the short run 

8 2016 Destek 
1971-
2011 

Newly 
industrialized 
countries Asymmetric causality test 

REC ≠ GDP for 
Brazil & Malaysia 

9 2016 Alper & Oguz 
1990-
2009 

8 new EU 
countries 

Asymmetric causality test, 
ARDL 

REC ≠ GDP for 
Cyprus, Estonia, 
Hungary, Poland, 
& Solvenia 

10 2017 
Destek & 
Aslan 

1980-
2012 

17 emerging 
countries Bootstrap panel causality 

REC ≠ GDP for 
71% of countries 

11 2017 
Koçak & 
Şarkgüneşi 

1990-
2012 

9 Black Sea & 
Balkan 
countries 

Heterogeneous panel 
causality 

REC ≠ GDP for 
Turkey 

12 2019 
Ozcan & 
Ozturk 

1990-
2016 

17 emerging 
countries 

Bootstrap panel causality 
test 

REC ≠ GDP for 
16 countries 
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13 2020 
Bulut & 
Menegaki 

1999-
2015 

Top 10 highest 
installed solar 
capacity 
(China, USA, 
Japan, 
Germany, Italy, 
India, UK, 
France, 
Australia, & 
Spain) 

Unit root, Westerlund 
panel co-integration, 
Cobb-Douglas production 
linear Dumitrescu-Hurlin 
causality tests 

Solar Energy 
Production (SEP) 
≠ GDP 
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APPENDIX B. TABLES AND FIGURES OF COUNTIES AND ENERGY RESOURCES 
 
Table B1. Counties in Texas and their Rural/Urban Designation 
 
Name Rural or Urban 

 
Name Rural or Urban 

Andrews  Rural Denton  Urban   

Angelina  Rural Dickens  Rural   

Archer  Urban Donley  Rural   

Atascosa  Urban Ector  Urban   

Austin  Urban El Paso  Urban   

Bailey  Rural Ellis  Urban   

Bastrop Urban Erath  Rural   

Baylor Rural Fannin  Rural   

Bell  Urban Fayette  Rural   

Bexar  Urban Fisher  Rural   

Borden  Rural Floyd Rural   

Bosque  Rural Foard  Rural   

Brazoria  Urban Fort Bend  Urban   

Brazos Urban Freestone  Rural   

Brewster Rural Frio  Rural   

Briscoe Rural Galveston  Urban   

Burnet Rural Glasscock  Rural   

Calhoun Urban Goliad  Urban   

Cameron  Urban Gonzales  Rural   

Carson  Urban Gray  Rural   

Cass  Rural Grayson  Urban   

Castro  Rural Gregg  Urban   

Chambers  Urban Grimes  Rural   

Cherokee  Rural Guadalupe  Urban   

Clay  Urban Hale  Rural   

Cochran  Rural Hansford  Rural   

Coke  Rural Hardeman  Rural   

Collin  Rural Hardin  Urban   

Colorado  Rural Harris  Rural   

Comal  Urban Harrison  Rural   

Comanche  Rural Hartley  Rural   

Concho  Rural Haskell  Rural   

Cooke  Rural Hays  Urban   

Crockett  Rural Hemphill  Rural   

Crosby  Urban Henderson  Rural   

Culberson  Rural Hidalgo  Urban   

Dallas  Urban Hood  Rural   

Dawson  Rural Howard  Rural   

DeWitt  Rural Hudspeth  Rural   

Deaf Smith  Rural Hunt  Urban   
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Name Rural or Urban 
 
Name Rural or Urban 

Hutchinson  Rural Parmer  Rural 

Irion  Urban Pecos  Rural 

Jack  Rural Potter  Urban 

Jasper  Rural Presidio  Rural 

Jefferson  Urban Randall  Urban 

Jim Hogg  Rural Reagan  Rural 

Johnson  Urban Real  Rural 

Kaufman  Urban Reeves  Rural 

Kenedy  Rural Roberts  Rural 

Kent  Rural Robertson  Urban 

Kinney  Rural Rusk  Urban 

Knox  Rural San Jacinto  Urban 

Lamar  Rural San Patricio Rural 

Lamb  Rural Schleicher  Rural 

Liberty  Urban Scurry  Rural 

Limestone  Rural Shackelford  Rural 

Llano  Rural Sherman  Rural 

Lubbock  Urban Somervell  Rural 

Lynn  Rural Starr  Rural 

Marion  Rural Sterling  Rural 

Martin  Rural Tarrant  Urban 

Matagorda  Rural Taylor  Urban 

Maverick  Rural Titus  Rural 

McCulloch  Rural Tom Green  Urban 

McLennan  Urban Travis  Urban 

Menard  Rural Tyler  Rural 

Milam  Rural Upton  Rural 

Mills  Rural Uvalde  Rural 

Mitchell  Rural Val Verde  Rural 

Montgomery  Urban Victoria  Urban 

Moore  Rural Ward  Rural 

Morris  Rural Webb  Urban 

Nacogdoches  Rural Wharton  Rural 

Newton  Rural Wichita  Urban 

Nolan  Rural Wilbarger  Rural 

Nueces  Urban Willacy  Rural 

Ochiltree  Rural Williamson  Urban 

Oldham  Rural Winkler  Rural 

Orange  Urban Wise  Urban 

Palo Pinto  Rural Yoakum  Rural 

Parker  Urban Young  Rural 
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Figure B1. Map of Texas Counties: Rural and Urban Designation 
Source: https://www.texasagriculture.gov/Portals/0/forms/ER/Rural-Metro%20Counties.pdf  
Map prepared by: Texas State Office of Rural Health, Office of Rural Affairs, Texas Department of 
Agriculture. April 2012   
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Table B2. Fossil fuels and other renewable resources facilities subcategories and their 
assignment to aggregate categories 
 
Generator Technology or 
Resources Combination   Long Name for Acronyms Category 

ABNGABNG 
Agri By Products-Natural Gas-Agri By 
Products-Natural Gas 

Biomass Renewables 
and Fossil Fuels 

ABNGNG 
Agri By Products-Natural Gas-Natural 
Gas 

Biomass Renewables 
and Fossil Fuels 

All Other  Other 

BFGNG Blast Furnance Gas-Natural Gas Fossil Fuels 

BLQNGNG Black Liqour-Natural Gas-Natural Gas 
Biomass Renewables 
and Fossil Fuels 

BLQNGWDSBLQ  
Black Liqour-Natural Gas-Wood/Wood 
Waste Solids-Black Liqour 

Biomass Renewables 
and Fossil Fuels 

BLQWDSNGNG 
Black Liqour-Wood/Wood Waste Solids-
Natural Gas-Natural Gas 

Biomass Renewables 
and Fossil Fuels 

BLQWDSNGRFONG 

Black Liqour-Wood/Wood Waste Solids-
Natural Gas-Residual Fuel Oil-Natural 
Gas 

Biomass Renewables 
and Fossil Fuels 

BLQWDSNGRFOOBSNG 

Black Liqour-Wood/Wood Waste Solids-
Natural Gas-Residual Fuel Oil-Other 
Biomass Solids-Natural Gas 

Biomass Renewables 
and Fossil Fuels 

BLQWDSNGTDFNG 

Black Liqour-Wood/Wood Waste Solids-
Natural Gas-Tire-derived Fuels-Natural 
Gas 

Biomass Renewables 
and Fossil Fuels 

BLQWDSNGWDSNG  

Black Liqour-Wood/Wood Waste Solids-
Natural Gas-Wood/Wood Waste Solids-
Natural Gas 

Biomass Renewables 
and Fossil Fuels 

BLQWDSRFONG 
Black Liqour-Wood/Wood Waste Solids-
Residual Fuel Oils-Natural Gas 

Biomass Renewables 
and Fossil Fuels 

Batteries  Storage 

Conventional Hydroelectric  

Zero Emissions 
Renewables 

Conventional Steam Coal  Fossil Fuels 

DFO Distillate Fuel Oil Fossil Fuels 

DFODFO Distillate Fuel Oil-Distillate Fuel Oil Fossil Fuels 

DFONG Distillate Fuel Oil-Natural Gas Fossil Fuels 

DFONGDFO 
Distillate Fuel Oil-Natural Gas-Distillate 
Fuel Oil Fossil Fuels 

Flywheels  Storage 

LFG Landfill Gas Other Renewables 

LFGLFG Landfill Gas-Landfill Gas Other Renewables 

LIGDFO Lignite Coal-Distillate Fuel Oil Fossil Fuels 

LIGDFODFO 
Lignite Coal-Distillate Fuel Oil-Distillate 
Fuel Oil Fossil Fuels 

LIGNG Lignite Coal-Natural Gas Fossil Fuels 

LIGNGNG Lignite Coal-Natural Gas-Natural Gas Fossil Fuels 

LIGNGSUBNG 
Lignite Coal-Natural Gas-Subbituminous 
Coal-Natural Gas Fossil Fuels 

LIGNGSUBPCNG 
Lignite Coal-Natural Gas-Subbituminous 
Coal-Petroleum Coke-Natural Gas Fossil Fuels 

LIGSUBDFODFO 
Lignite Coal-Subbituminous Coal-Distillate 
Fuel Oil-Distillate Fuel Oil Fossil Fuels 
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LIGSUBNG 
Lignite Coal-Subbituminous Coal-Natural 
Gas Fossil Fuels 

LIGSUBNGDFONG 
Lignite Coal-Subbituminous Coal-Natural 
Gas-Distillate Fuel Oil-Natural Gas Fossil Fuels 

LIGSUBNGPCNG 
Lignite Coal-Subbituminous Coal-Natural 
Gas-Petroleum Coke-Natural Gas Fossil Fuels 

Landfill Gas  Biomass Renewables 

MWH Electricity used for energy storage Storage 

NG Natural Gas Fossil Fuels 

NGDFO Natural Gas-Distillate Fuel Oil Fossil Fuels 

NGDFODFO 
Natural Gas-Distillate Fuel Oil-Distillate 
Fuel Oil Fossil Fuels 

NGDFONG 
Natural Gas-Distillate Fuel Oil-Natural 
Gas Fossil Fuels 

NGDFORFONG 
Natural Gas-Distilalte Fuel Oil-Residual 
Fuel Oil-Natural Gas Fossil Fuels 

NGJF Natural Gas-Jet Fuel Fossil Fuels 

NGNG Natural Gas Fossil Fuels 

NGNGNG Natural Gas Fossil Fuels 

NGNGNGNGNG Natural Gas Fossil Fuels 

NGOG Natural Gas-Other Gas Fossil Fuels 

NGOGNG Natural Gas-Other Gas-Natural Gas Fossil Fuels 

NGOGNGNGNGNG Natural Gas Fossil Fuels 

NGOGOTH Gas Fossil Fuels 

NGOTH Natural Gas-Other Fossil Fuels 

NGOTHOG Gas Fossil Fuels 

NGRFO Natural Gas-Residual Fuel Oil Fossil Fuels 

NGRFONG Natural Gas-Residual Fuel Oil Fossil Fuels 

NGSUBNG Natural Gas-Subbituminous Coal Fossil Fuels 

NGWO Natural Gas-Waste/Other Oil Fossil Fuels 

NUC Nuclear Nuclear 

Natural Gas Fired Combined 
Cycle  Fossil Fuels 

Natural Gas Fired 
Combustion Turbine  Fossil Fuels 

Natural Gas Internal 
Combustion Engine  Fossil Fuels 

Natural Gas Steam Turbine  Fossil Fuels 

Nuclear  Nuclear 

OBGLFGNG 
Other Biomass Gas-Landfill Gas-Natural 
Gas 

Other Renewables and 
Fossil Fuels 

OBGLFGNGOBG 
Other Biomass Gas-Landfill Gas-Natural 
Gas 

Other Renewables and 
Fossil Fuels 

OG Other Gas Fossil Fuels 

OGNG Other Gas-Natural Gas Fossil Fuels 

OGNGNG Other Gas-Natural Gas Fossil Fuels 

OGPCNG Other Gas-Natural Gas-Petroleum Coke Fossil Fuels 

OTH Other Other 

OTHNG Other-Natural Gas Fossil Fuels 

OTHNGNG Other-Natural Gas Fossil Fuels 

Onshore Wind Turbine  

Zero Emissions 
Renewables 

Other Gases  Fossil Fuels 
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Other Waste Biomass  Biomass Renewables 

PC Petroleum Coke Fossil Fuels 

PCNG Petroleum Coke-Natural Gas Fossil Fuels 

PCNGOG Petroleum Coke-Natural Gas Fossil Fuels 

PCNGRFO 
Petroleum Coke-Natural Gas-Residual 
Fuel Oil Fossil Fuels 

PCSUBNG 
Petroleum Coke-Subbituminous Coal-
Natural Gas Fossil Fuels 

PUR Purchased Steam Other 

PURNG Purchased Steam-Natural Gas Fossil Fuels 

Petroleum Coke  Fossil Fuels 

Petroleum Liquids  Fossil Fuels 

SUBDFO Subbituminous Coal-Distillate Fuel Oil Fossil Fuels 

SUBLIGDFODFO 
Subbituminous Coal-Lignite Coal-Distillate 
Fuel Oil Fossil Fuels 

SUBLIGNGNG 
Subbituminous Coal-Lignite Coal-Natural 
Gas Fossil Fuels 

SUBNG Subbituminous Coal-Natural Gas Fossil Fuels 

SUBNGNG Subbituminous Coal-Natural Gas Fossil Fuels 

SUN Solar Solar 

Solar Photovoltaic  Solar 

WAT Hydro/Water 
Zero Emissions 
Renewables 

WDS Wood/Wood Waste Solids Biomass Renewables 

WDSDFO 
Wood/Wood Waste Solids-Distillate Fuel 
Oil 

Biomass Renewables 
and Fossil Fuels 

WDSOBS 
Wood/Wood Waste Solids-Other Biomass 
Solids Biomass Renewables 

WH 
Waste heat not directly attributed to a fuel 
source Other 

WHNG 
Waste heat not directly attributed to a fuel 
source-Natural Gas Fossil Fuels and Other 

WHPC 
Waste heat not directly attributed to a fuel 
source-Petroleum Coke Fossil Fuels and Other 

WND Wind 
Zero Emissions 
Renewables 

Wood/Wood Waste Biomass  Biomass Renewables 

 
The capacities of all generators in a given county and year that either exclusively or primarily used a type 
of fossil fuel or other renewable, or a combination of types, were summed up and that sum used to create 
the new variables for all electricity generation capacity attributable to all types of fossil fuels and other 
renewables. 
 
Table B3. Resource Assignments to Total Other Renewables and Fossil Fuels Categories used in 
Analysis Models  

Other Renewables Fossil Fuels  

Zero emissions renewables Fossil Fuels 

Other Renewables Fossil Fuels + Other Renewables 

Biomass Renewables Fossil Fuels + Other Energy 

  Fossil Fuels + Biomass Renewables 
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Figure B2. EIA-860 Form Table  
Energy Resource Definitions and Abbreviations 
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Figure B2. EIA-860 Form Table (continued) 
Energy Resource Definitions and Abbreviations  
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APPENDIX C. MODEL O-1 AND O-2 TESTS AND GRAPHS FOR HETEROSKEDASTICITY  
 

 
Figure C1. Scatter Plot of Model O-1 Employment Rate Estimated Values and Residuals 
The fitted values are the estimated values for employment rate using the model and the 
corresponding residual value is the difference between this value and the  
actual employment rate numbers taken from the dataset.  
 

 
Figure C2. Scatter Plot Of Model O-2 Income Per Capita Estimated Values And Residuals 
The fitted values are the estimated values for income per capita using the model and the  
corresponding residual value is the difference between this value and the  
actual income per capita numbers taken from the dataset. 
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Table C1. Model O-1 Huber-White Test for Heteroskedasticity 

White’s test for Ho: homoskedasticity 
         against Ha: unrestricted 
heteroskedasticity 
         chi2(14)     =     212.73 
         Prob > chi2  =    0.0000 
Cameron & Trivedi’s decomposition of IM-test 

  
 
 
 
 
 

 
 
 
 
 

 

 chi2 df p 

Heteroskedasticity 212.730 14 0.000 
Skewness 77.510 4 0.000 

Kurtosis 4.330 1 0.037 

Total   294.570 19 0.000 

 
Table C2. Model O-2 Huber-White Test for Heteroskedasticity 

 
  

 
 
  

White's test for Ho: homoskedasticity 
         against Ha: unrestricted 
heteroskedasticity 
         chi2(14)     =     348.08 
         Prob > chi2  =    0.0000 
Cameron & Trivedi's decomposition of IM-test 

  
 
 
 
 
 

 
 
 
 
 

 

 chi2 df p 

Heteroskedasticity   348.080 14 0.000 
Skewness    48.120 4 0.000 

Kurtosis     18.570 1 0.000 

Total   414.770 19 0.000 
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APPENDIX D. MODEL O-1 AND O-2 LINK TESTS AND RAMSEY RESET TESTS 
 
Table D1. Model O-1 Link Test 

Source  SS df MS Number of observations = 1,424 

 
Model     14.294 2     7.147 Prob > F   =     0.000 

 
Residual     22.700 1,421     0.016 R-squared  =     0.386 

 
Total     36.994 1,423     0.026 Root MSE =     0.126 

 

 EmployRate   Coef.  Std.Err.  t  P>t [95%Conf.  Interval] 

_hat     -1.274     0.240    -5.300     0.000    -1.746    -0.803 
_hatsq      1.926     0.201     9.570     0.000     1.531     2.321 
_cons      0.651     0.071     9.190     0.000     0.512     0.790 
 

 
Table D2. Model O-2 Link Test 

Source  SS df MS Number of observations = 1,424 

 
Model     24.906 2    12.453 Prob > F    =    0.000 

 
Residual     66.037 1,421     0.046 R-squared =    0.274 

 
Total     90.943 1,423     0.064 Root MSE =    0.216 

 

 ln_IncPerCap   Coef.  Std.Err.  t  P>t [95%Conf.  Interval] 

_hat     26.491     2.521    10.510     0.000    21.546    31.437 
_hatsq     -1.188     0.117   -10.110     0.000    -1.418    -0.958 
_cons   -136.703    13.527   -10.110     0.000  -163.238  -110.168 
 

 
The p-values for the _hat2 variables are well below the 0.05 level of significance. The _hat2 being the 
generated variable for the square of the naturally logged MW values for solar energy capacity. The 
significant correlation indicating that, based on this test, adjustments to the key independent or dependent 
variables are needed.  
 
Table D3. Model O-1 Ramsey RESET Test 
Ramsey RESET test using powers of the fitted values of EmployRate 
       Ho:  model has no omitted variables 
                F(3, 1416) =     53.99 
                  Prob > F =      0.0000 
 
Table D4. Model O-2 Ramsey RESET Test 
Ramsey RESET test using powers of the fitted values of ln_IncPerCap 
       Ho:  model has no omitted variables 
                F(3, 1416) =     46.06 
                  Prob > F =      0.0000 
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APPENDIX E. MODEL O-1 AND O-2 CORRELATION MATRICES 
 
Table E1. Model O-1 Matrix of Correlations  

  Variables   (1)   (2)   (3)   (4)   (5) 

 (1) Employment Rate 1.000 

 (2) ln(Solar MW Ca~) 0.040 1.000 

 (3) ln(Other Renew~c 0.282 0.036 1.000 

 (4) ln(Total Fossi~a -0.214 -0.045 -0.533 1.000 

 (5) Avg Income Wag~e 0.467 0.145 -0.049 0.202 1.000 

 

 
Table E2. Model O-2 Matrix of Correlations  

  Variables   (1)   (2)   (3)   (4)   (5) 

 (1) ln(Income Per ~) 1.000 

 (2) ln(Solar MW Ca~) 0.077 1.000 

 (3) ln(Other Renew~c 0.126 0.036 1.000 

 (4) ln(Total Fossi~a -0.130 -0.045 -0.533 1.000 

 (5) Employment Rate 0.466 0.040 0.282 -0.214 1.000 
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APPENDIX F. MODEL O-1 WAGES AND SALARIES INCOME VARIABLE DIAGNOSTICS 
 
Table F1. Summary Statistics For Total Wages And Salaries Income (WSI) 

     Mean   Min   Max 

 Wages and salaries income 4490000 5442 1.82e+08 
 
Table F2. Summary Statistics For Average WSI  

     Mean   Min   Max 

 Avg Income Wages and Salaries 28.864 11.434 69.153 
 
Table F3.  Descriptive Statistics For Average And The Log Of WSI  

Variable  Obs Mean Std.Dev. Min Max 

 
Avg_WagesS~c  1,424    28.864     9.099    11.434    69.153 

 
ln_Wages_S~c  1,424    13.119     1.955     8.602    19.021 

 
 
Table F4. Model O-1 WSI Covariates 

 (1) (2) 

VARIABLES Average Wages and Salaries 
Income 

Log of Wages and 
Salaries Income 

   

ln(Solar MW Capacity) -0.00529* -0.00439* 

 (0.00285) (0.00223) 

ln(Total Fossil Fuel MW Capacity) 0.00209 0.00140 

 (0.00168) (0.000933) 

ln(Other Renewables MW Capacity) 0.000351 0.00184 

 (0.00126) (0.00130) 

Avg Income Wages and Salaries 0.00566***  

 (0.000904)  

ln(Income Wages and Salaries)  0.233*** 

  (0.0466) 

   

Observations 1,424 1,424 

R-squared 0.236 0.442 

Number of County1 162 162 

Country FE YES YES 

Year FE YES YES 

 
Table 5. Summary statistics for Employment Rate 

   Min   Max Mean   25th Percentile Median 75th Percentile 

 Employment Rate .185 2.133 .549 .454 .522 .614 
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APPENDIX G. MODEL O-1 AND O-2 TESTS OF INDICATORS FOR FOSSIL FUELS AND OTHER 
RENEWABLES  
 
Table G1. Model O-1 Employment Rate Fixed Effects Test using the Log of Fossil Fuels and Other 
Renewables 

 (1) (2) (3) 

VARIABLES Model 1.1 Model 1.2 Model 1.3 

    

ln(Solar MW Capacity) -0.00456** -0.00457** -0.00439* 

 (0.00225) (0.00224) (0.00223) 

ln(Total Fossil Fuel MW Capacity)  0.00116 0.00140 

  (0.000917) (0.000933) 

ln(Other Renewables MW Capacity)   0.00184 

   (0.00130) 

ln(Income Wages and Salaries) 0.232*** 0.231*** 0.233*** 

 (0.0464) (0.0464) (0.0466) 

    

Observations 1,424 1,424 1,424 

R-squared 0.440 0.441 0.442 

Number of County1 162 162 162 

Country FE YES YES YES 

Year FE YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
Table G2. Model O-1 Employment Rate Fixed Effects Test using Indicators for Fossil Fuels and 
Other Renewables 

 (1) (2) (3) 

VARIABLES Model 1.1 Model 1.2 Model 1.3 

    

ln(Solar MW Capacity) -0.00456** -0.00429** -0.00404** 

 (0.00225) (0.00196) (0.00193) 

FossilFuel  0.0117* 0.0116* 

  (0.00616) (0.00620) 

OtherRE   0.0181 

   (0.0109) 

ln(Income Wages and Salaries) 0.232*** 0.231*** 0.237*** 

 (0.0464) (0.0464) (0.0487) 

    

Observations 1,424 1,424 1,424 

R-squared 0.440 0.442 0.446 

Number of County1 162 162 162 

Country FE YES YES YES 

Year FE YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table G3. Model O-2 IPC Fixed Effects Test using the Log of Fossil Fuels and Other Renewables 

 (1) (2) (3) 

VARIABLES Model 2.1 Model 2.2 Model 2.3 

    

ln(Solar MW Capacity) 0.00331 0.00332 0.00287 

 (0.00388) (0.00389) (0.00392) 

ln(Total Fossil Fuel MW Capacity)  -0.000708 -0.00131 

  (0.00279) (0.00263) 

ln(Other Renewables MW Capacity)   -0.00459* 

   (0.00258) 

Employment Rate 0.588** 0.588** 0.587** 

 (0.242) (0.242) (0.242) 

    

Observations 1,424 1,424 1,424 

R-squared 0.742 0.742 0.743 

Number of County1 162 162 162 

Country FE YES YES YES 

Year FE YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
Table G4. Model O-2 IPC Fixed Effects Test using Indicators for Fossil Fuels and Other 
Renewables 

 (1) (2) (3) 

VARIABLES Model 2.1 Model 2.2 Model 2.3 

    

ln(Solar MW Capacity) 0.00331 0.00308 0.00284 

 (0.00388) (0.00398) (0.00398) 

FossilFuel  -0.0104 -0.0104 

  (0.0164) (0.0164) 

OtherRE   -0.0165 

   (0.0117) 

Employment Rate 0.588** 0.590** 0.587** 

 (0.242) (0.243) (0.242) 

    

Observations 1,424 1,424 1,424 

R-squared 0.742 0.742 0.742 

Number of County1 162 162 162 

Country FE YES YES YES 

Year FE YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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APPENDIX H. EXPONENTIATION OF INDEPENDENT SOLAR CAPACITY VARIABLE 
 

 
Figure H1. Solar Capacity and Employment Rate Scatter Plot 
Fitted Line and 95% CI  
 

 
Figure H2. Solar Capacity and IPC Scatter Plot  
Fitted Line and 95% CI  
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Figure H3. Solar Capacity and Employment Rate Scatter Plot with Fitted Mean Line  
 

 
Figure H4. Solar Capacity and IPC Scatter Plot with Fitted Mean Line  
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Table H1. Model 1 Employment Rate Fixed Effects Test using Exponentiated Solar Capacity 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Model 1.2 Model 1.2 Model 1.3 Model 1.4 Model 1.5 Model 1.6 

       

ln(Solar MW 
Capacity) 

-0.00404** -0.00433 -0.00717 -0.0394* -0.0218 -0.0428 

 (0.00193) (0.00365) (0.00974) (0.0213) (0.0418) (0.0697) 

ln_NmplCap
MW_SE2 

 6.70e-05 0.00157 0.0284* 0.00583 0.0458 

  (0.000875) (0.00471) (0.0171) (0.0464) (0.106) 

ln_NmplCap
MW_SE3 

  -0.000172 -0.00690 0.00291 -0.0235 

   (0.000497) (0.00431) (0.0187) (0.0612) 

ln_NmplCap
MW_SE4 

   0.000519 -0.00121 0.00663 

    (0.000333) (0.00321) (0.0167) 

ln_NmplCap
MW_SE5 

    0.000106 -0.000964 

     (0.000197) (0.00216) 

ln_NmplCap
MW_SE6 

     5.46e-05 

      (0.000106) 

FossilFuel 0.0116* 0.0117* 0.0117* 0.0105* 0.0101* 0.0101* 

 (0.00620) (0.00607) (0.00612) (0.00543) (0.00528) (0.00527) 

OtherRE 0.0181 0.0181 0.0181 0.0168 0.0174 0.0173 

 (0.0109) (0.0110) (0.0110) (0.0108) (0.0107) (0.0107) 

ln(Income 
Wages and 
Salaries) 

0.237*** 0.237*** 0.237*** 0.237*** 0.237*** 0.238*** 

 (0.0487) (0.0488) (0.0489) (0.0489) (0.0489) (0.0490) 

       

Observations 1,424 1,424 1,424 1,424 1,424 1,424 

R-squared 0.446 0.446 0.446 0.446 0.447 0.447 

Number of 
County1 

162 162 162 162 162 162 

Country FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table H2. Model O-2 IPC Fixed Effects Test using Exponentiated Solar Capacity 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Model 2.1 Model 2.2 Model 2.3 Model 2.4 Model 2.5 Model 2.6 

       

ln(Solar MW 
Capacity) 

0.00284 0.000278 0.0257 0.0159 0.152*** 0.171*** 

 (0.00398) (0.00727) (0.0199) (0.0393) (0.0443) (0.0579) 

ln_NmplCap
MW_SE2 

 0.000592 -0.0129 -0.00475 -0.179*** -0.215* 

  (0.00189) (0.0105) (0.0330) (0.0599) (0.112) 

ln_NmplCap
MW_SE3 

  0.00154 -0.000500 0.0752*** 0.0990 

   (0.00113) (0.00874) (0.0277) (0.0766) 

ln_NmplCap
MW_SE4 

   0.000158 -0.0132** -0.0203 

    (0.000704) (0.00507) (0.0235) 

ln_NmplCap
MW_SE5 

    0.000819** 0.00178 

     (0.000319) (0.00328) 

ln_NmplCap
MW_SE6 

     -4.92e-05 

      (0.000170) 

FossilFuel -0.0104 -0.00999 -0.0104 -0.0107 -0.0140 -0.0140 

 (0.0164) (0.0165) (0.0161) (0.0159) (0.0157) (0.0157) 

OtherRE -0.0165 -0.0165 -0.0169 -0.0173 -0.0124 -0.0123 

 (0.0117) (0.0118) (0.0117) (0.0122) (0.0121) (0.0120) 

Employment 
Rate 

0.587** 0.587** 0.587** 0.587** 0.587** 0.586** 

 (0.242) (0.242) (0.242) (0.242) (0.242) (0.242) 

       

Observation
s 

1,424 1,424 1,424 1,424 1,424 1,424 

R-squared 0.742 0.742 0.743 0.743 0.743 0.743 

Number of 
County1 

162 162 162 162 162 162 

Country FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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APPENDIX I. FINAL MODELS DESCRIPTIVE STATISTICS 
 
Table I1. Models 1 and 2 Descriptive Statistics  

 Variable Observations  Mean Std.Dev.  Min  Max 

 Employment Rate 1424 .549 .161 .185 2.133 
 ln(Income Per Capita) 1424 10.58 .253 9.875 11.938 
 ln(Solar MW Capacity) 1424 .246 .924 0 6.743 
 FossilFuel 1424 .613 .487 0 1 
 OtherRE 1424 .04 .196 0 1 
 ln(Income Wages and 
Salaries) 

1424 13.119 1.955 8.602 19.021 
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APPENDIX J. BEFORE AND AFTER 2012 AND RURAL COUNTIES SENSITIVITY TESTS 
 
Table J1. Fixed Effects Tests using Time Turning Point Indicator for Before and After 2012 

 Employment Rate Log of Income Per Capita 

VARIABLES (1) (2) (3) (4) 

     

ln(Solar MW Capacity) -0.00404** -0.00404** 0.152*** 0.152*** 

 (0.00193) (0.00193) (0.0443) (0.0443) 

ln_NmplCapMW_SE2   -0.179*** -0.179*** 

   (0.0599) (0.0599) 

ln_NmplCapMW_SE3   0.0752*** 0.0752*** 

   (0.0277) (0.0277) 

ln_NmplCapMW_SE4   -0.0132** -0.0132** 

   (0.00507) (0.00507) 

ln_NmplCapMW_SE5   0.000819** 0.000819** 

   (0.000319) (0.000319) 

FossilFuel 0.0116* 0.0116* -0.0140 -0.0140 

 (0.00620) (0.00620) (0.0157) (0.0157) 

OtherRE 0.0181 0.0181 -0.0124 -0.0124 

 (0.0109) (0.0109) (0.0121) (0.0121) 

Employment Rate   0.587** 0.587** 

   (0.242) (0.242) 

A2012  -0.0497***  0.340*** 

  (0.0160)  (0.0142) 

ln(Income Wages and 
Salaries) 

0.237*** 0.237***   

 (0.0487) (0.0487)   

     

Observations 1,424 1,424 1,424 1,424 

R-squared 0.446 0.446 0.743 0.743 

Number of County1 162 162 162 162 

Country FE YES YES YES YES 

Year FE YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table J2. Fixed Effects Tests Compared to OLS Regressions using Indicator for Before and After 
2012 and Rural Designation with Indicators for the Years of the Panel 

 Employment Rate Log of Income Per Capita 

VARIABLES (1) (2) (3) (4) 

     

ln(Solar MW Capacity) -0.00404** -0.000512 0.152*** 0.421 

 (0.00193) (0.00786) (0.0443) (0.265) 

ln_NmplCapMW_SE2   -0.179*** -0.397 

   (0.0599) (0.291) 

ln_NmplCapMW_SE3   0.0752*** 0.130 

   (0.0277) (0.119) 

ln_NmplCapMW_SE4   -0.0132** -0.0180 

   (0.00507) (0.0208) 

ln_NmplCapMW_SE5   0.000819** 0.000905 

   (0.000319) (0.00129) 

FossilFuel 0.0116* -0.0842*** -0.0140 -0.0127 

 (0.00620) (0.0291) (0.0157) (0.0328) 

OtherRE 0.0181 0.0139 -0.0124 0.208*** 

 (0.0109) (0.0346) (0.0121) (0.0395) 

Rural   0.0247  -0.0277 

  (0.0270)  (0.0288) 

A2012  0.00986  0.165*** 

  (0.00648)  (0.0119) 

Employment Rate   0.587** 0.663*** 

   (0.242) (0.228) 

ln(Income Wages and Salaries) 0.237*** 0.0120   

 (0.0487) (0.00874)   

     

Observations 1,424 1,424 1,424 1,424 

R-squared 0.446 0.068 0.743 0.390 

F test 16.91 6.968 466.2 62.45 

Number of County1 162  162  

Country FE YES  YES  

Year FE YES  YES  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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APPENDIX K. OTHER MEASURES FOR EMPLOYMENT AND INCOME AS THE DEPENDENT 
VARIABLES 
 
Table K1. Model 1 Fixed Effects Test using Other Employment Indicators as the Dependent 
Variable25 

     

   Log of Mine, 

Log of 
Construction 

Jobs 

   Quarry, 

VARIABLES Log of Total 
Jobs 

Log of Utility 
Jobs 

& Oil & Gas 
Extraction Jobs 

     

ln(Solar MW Capacity) 9.40e-05 0.0318* -0.0100 -0.0135 

 (0.00305) (0.0161) (0.0162) (0.0122) 

FossilFuel 0.0337** -0.00974 -0.0111 0.0371 

 (0.0131) (0.0916) (0.0664) (0.0441) 

OtherRE -0.0378*** -0.00405 0.0681 -0.0169 

 (0.00684) (0.0588) (0.0572) (0.0231) 

ln(Income Wages and Salaries) 0.531*** 0.285 0.676*** 0.719*** 

 (0.0265) (0.228) The (0.127) (0.0880) 

     

Observations 1,424 964 1,173 1,234 

R-squared 0.828 0.085 0.510 0.399 

Number of County1 162 118 151 146 

Country FE YES YES YES YES 

Year FE YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
  

 
25 The number of observations and counties changes for each model since not all counties report out on jobs in the 
subsectors. These missing values are reported in the dataset as missing values rather than zeros since it is a matter 
of lack of data from these counties and not that there are, in fact, no jobs.  
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Table K2. Model 2 Fixed Effects Test using Log of Total Personal Income and Exponentiated Solar 
Capacity 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Model 2.1 Model 2.2 Model 2.3 Model 2.4 Model 2.5 Model 2.6 

       

ln(Solar MW 
Capacity) 

0.00783* 0.0200** 0.0531** 0.0680 0.212** 0.316*** 

 (0.00408) (0.00971) (0.0253) (0.0722) (0.0965) (0.118) 

ln_NmplCapM
W_SE2 

 -0.00281 -0.0204* -0.0328 -0.218** -0.415** 

  (0.00184) (0.0121) (0.0543) (0.107) (0.188) 

ln_NmplCapM
W_SE3 

  0.00201 0.00512 0.0855* 0.216* 

   (0.00129) (0.0126) (0.0436) (0.112) 

ln_NmplCapM
W_SE4 

   -0.000240 -0.0144* -0.0532* 

    (0.000923) (0.00743) (0.0309) 

ln_NmplCapM
W_SE5 

    0.000869* 0.00616 

     (0.000446) (0.00396) 

ln_NmplCapM
W_SE6 

     -0.000270 

      (0.000192) 

FossilFuel 0.0101 0.00822 0.00776 0.00831 0.00487 0.00469 

 (0.0174) (0.0166) (0.0164) (0.0167) (0.0170) (0.0170) 

OtherRE -0.0994*** -0.0994*** -0.0999*** -0.0992*** -0.0941*** -0.0936*** 

 (0.0171) (0.0167) (0.0164) (0.0166) (0.0164) (0.0163) 

Employment 
Rate 

0.600** 0.599** 0.598** 0.598** 0.598** 0.598** 

 (0.262) (0.261) (0.261) (0.261) (0.261) (0.261) 

       

Observations 1,424 1,424 1,424 1,424 1,424 1,424 

R-squared 0.758 0.758 0.758 0.758 0.759 0.759 

Number of 
County1 

162 162 162 162 162 162 

Country FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table K3. Model 2 Fixed Effects Test using Total Personal Income as the Dependent Variable 

 (1) (2) 

VARIABLES Log of Income Per Capita Log of Total Personal Income 

   

ln(Solar MW Capacity) 0.152*** 0.212** 

 (0.0443) (0.0965) 

ln_NmplCapMW_SE2 -0.179*** -0.218** 

 (0.0599) (0.107) 

ln_NmplCapMW_SE3 0.0752*** 0.0855* 

 (0.0277) (0.0436) 

ln_NmplCapMW_SE4 -0.0132** -0.0144* 

 (0.00507) (0.00743) 

ln_NmplCapMW_SE5 0.000819** 0.000869* 

 (0.000319) (0.000446) 

FossilFuel -0.0140 0.00487 

 (0.0157) (0.0170) 

OtherRE -0.0124 -0.0941*** 

 (0.0121) (0.0164) 

Employment Rate 0.587** 0.598** 

 (0.242) (0.261) 

   

Observations 1,424 1,424 

R-squared 0.743 0.759 

Number of County1 162 162 

Country FE YES YES 

Year FE YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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APPENDIX L. TOTAL RENEWABLES COMPARATIVE ANALYSES EXPONENTIATION TESTS 
 
Table L1. Model 3 Employment Rate Fixed Effects Test using Exponentiated Solar Capacity 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Model 1 Model 1.2 Model 1.3 Model 1.4 Model 1.5 Model 1.6 

       

ln(Total Renewables 
MW Capacity) 

0.00154 -0.00676* 0.00640 -0.00172 -0.0348 -0.00888 

 (0.00120) (0.00342) (0.00768) (0.0141) (0.0238) (0.0419) 

ln_TotalRENmplCap
MW2 

 0.00155** -0.00423 0.00146 0.0347 -0.00154 

  (0.000650) (0.00377) (0.00997) (0.0217) (0.0614) 

ln_TotalRENmplCap
MW3 

  0.000578 -0.000631 -0.0121* 0.00621 

   (0.000420) (0.00226) (0.00716) (0.0329) 

ln_TotalRENmplCap
MW4 

   8.09e-05 0.00172* -0.00252 

    (0.000167) (0.000994) (0.00801) 

ln_TotalRENmplCap
MW5 

    -8.29e-05* 0.000376 

     (4.91e-05) (0.000897) 

ln_TotalRENmplCap
MW6 

     -1.88e-05 

      (3.75e-05) 

FossilFuel 0.0148* 0.0123 0.0127 0.0130 0.0125 0.0130 

 (0.00836) (0.00910) (0.00947) (0.00947) (0.00965) (0.00972) 

ln(Income Wages 
and Salaries) 

0.232*** 0.233*** 0.234*** 0.234*** 0.234*** 0.234*** 

 (0.0465) (0.0466) (0.0467) (0.0468) (0.0467) (0.0478) 

       

Observations 1,424 1,424 1,424 1,424 1,424 1,424 

R-squared 0.439 0.445 0.447 0.448 0.449 0.449 

Number of County1 162 162 162 162 162 162 

Country FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table L2. Model 4 IPC Fixed Effects Test using Exponentiated Solar Capacity 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Model 4.1 Model 4.2 Model 4.3 Model 4.4 Model 4.5 Model 4.6 

       

ln(Total Renewables 
MW Capacity) 

-0.00449* -0.00244 -0.0317** -0.00576 -0.0366 -0.172** 

 (0.00246) (0.00594) (0.0150) (0.0291) (0.0432) (0.0855) 

ln_TotalRENmplCap
MW2 

 -0.000383 0.0125* -0.00567 0.0252 0.214* 

  (0.00116) (0.00720) (0.0202) (0.0436) (0.122) 

ln_TotalRENmplCap
MW3 

  -0.00129* 0.00257 -0.00807 -0.104 

   (0.000774) (0.00432) (0.0157) (0.0632) 

ln_TotalRENmplCap
MW4 

   -0.000258 0.00126 0.0234 

    (0.000299) (0.00236) (0.0148) 

ln_TotalRENmplCap
MW5 

    -7.71e-05 -0.00247 

     (0.000124) (0.00161) 

ln_TotalRENmplCap
MW6 

     9.80e-05 

      (6.59e-05) 

FossilFuel -0.0154 -0.0148 -0.0157 -0.0168 -0.0172 -0.0195 

 (0.0155) (0.0155) (0.0157) (0.0155) (0.0156) (0.0151) 

Employment Rate 0.586** 0.587** 0.593** 0.594** 0.592** 0.590** 

 (0.242) (0.241) (0.240) (0.239) (0.238) (0.235) 

       

Observations 1,424 1,424 1,424 1,424 1,424 1,424 

R-squared 0.743 0.743 0.744 0.744 0.744 0.745 

Number of County1 162 162 162 162 162 162 

Country FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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