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ABSTRACT 

 

This dissertation contributes to the public policy literature by examining energy policy in 

the U.S. In a three paper format, this dissertation investigates different dimensions of energy 

policy. First, it covers both policy process and policy analysis. Second, it covers different levels 

of governance in the U.S. All three levels of governance, national, state and local levels, are 

covered in this study. Third, it examines different aspects of energy policy, including network 

interactions among policy actors, environmental impacts and growth of green jobs. In the first 

paper, I investigate the formation of networks among the clean energy NGOs in the U.S. With 

network data collected on the hyperlinks from the websites of these NGOs, testable hypotheses 

are proposed to test the driving mechanisms for the energy policy networks in the U.S. In the 

second paper, I evaluate the effectiveness of these policy tools in reducing carbon emissions in 

electric power sector. With a panel data set for 48 continental states from 1990 to 2008, three 

fixed-effect panel regressions are estimated to test the impacts of these policy tools on total 

carbon emissions, electricity generation and carbon intensity. In the third paper, I examine the 

short-term direct employment effects of state and local clean energy and climate policies in U.S. 

metropolitan areas (MSAs) in year 2006.  
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CHAPTER ONE 

INTRODUCTION 

 

In an age of emerging impacts on the natural environment and human society from global 

climate change and rising price of traditional sources of energy, clean energy development is 

increasingly seen as a promising alternative to mitigate the climate change, diversify the energy 

supply and stimulate the economic development (Rabe, 2008; Drummond, 2010). In the United 

States, clean energy is increasingly considered an important policy area, in which an array of 

policy instruments are applied to mitigate climate change through reducing Greenhouse Gas 

emissions, diversify the energy supply by stimulating the deployment of clean energy capacities, 

secure energy independence from excessive energy imports, and stimulate economic 

development by creating green jobs.  

In the political agenda, energy policy has gain much political salience in the past few 

years, due to its connection to global climate change, and recent surge of gas prices that affected 

the daily life of every individual in the U.S. Energy policy is of great importance to all levels of 

governments in the United States, and the energy policy arena is characterized by a multi-level 

governance structure, in which federal, state and local governments all have a role in governing 

energy use. Federal government plays a key role in U.S. energy policy by making investment in 

R & D, providing tax incentives for clean energy, and making grants to support state and local 

initiatives.  One of the major economic initiatives made by the Obama Administration is the 

implementation of ARRA (The American Recovery and Reinvestment Act of 2009) stimulus 

package, designed to help United States regain economic momentum by creating a competitive 

clean energy industry.  

At the state level, many states adopted clean energy policies with multiple policy 

purposes (Rabe, 2004, 2008). At the local level, as reported in a survey conducted by 

International City/County Management Association (ICMA, 2010), 71.1% of the local 

governments consider green jobs as a priority in their jurisdictions, out of 2176 cities that 

responded to the survey. 
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Under this background of policy importance, there are two major aspects of energy policy 

that merit academic investigations: policy actors and policy tools. On the policy actor side, the 

clean energy development is stimulated by and stimulating a large policy network, in which 

policy makers, renewable energy interest groups and utility companies are actively interacting 

with each other. The scale and frequency of the actor interactions in the policy network not only 

affect the policy choices, but also affect the extent of clean energy development. On the policy 

instrument side, the clean energy policy instruments are adopted and revised to have impacts on 

economic development, energy independence and environmental protection. This dissertation 

addresses these two aspects by looking at the interactions of policy actors in the energy policy 

arena nationally, and by evaluating the impacts of clean energy policies at state and local levels.  

The first paper focuses on policy process in the energy policy arena. Energy policy arena 

in the U.S. is characterized by multiple policymaking entities and competing coalitions of policy 

actors at different levels of governance. Specific attention is paid to the interactions among the 

green NGOs in forming policy networks around the clean energy policy issues. The research 

question that this paper seeks to answer is what the underlying driving forces for the formation of 

energy policy network are. With the recent development of hyperlink network, this study utilizes 

web crawlers to extract and collect network data of the clean energy policy actors in the U.S. A 

set of testable hypotheses are proposed on the underlying reasons for the formation of network 

relationships among these policy actors. Statistical models (Exponential Random Graph Models) 

are used to test the hypotheses. 

The second paper evaluates the effectiveness of state clean energy policies in reducing 

carbon emissions in the electricity sector. Pertinent research questions include: have state clean 

energy policies effectively reduced carbon emissions? Do policy tools, such as renewable 

portfolio standards, energy efficiency resource standards and public benefit funds, reduce carbon 

emissions in different ways? Are supply and demand side energy policy tools equally effective? 

This paper addresses these research questions by empirically examining the determinants of 

carbon emissions in the electric utility sector in the U.S. states. By decomposing carbon 

emissions into electricity generation and carbon intensity and evaluate the impacts of demand 

side and supply side energy policy tools separately, this paper examines the relative impacts of 

demand side and supply side energy policy tools on carbon emissions.  
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The third paper focuses on linkage between clean energy policies and green jobs at the 

metropolitan level. Despite the fact that green economic development and job creation are at the 

center of political rhetoric and academic discussion, much less attention has been directed to 

evaluation of the extent to which existing clean energy policies have successfully created green 

jobs. Most of the existing literature on green jobs has focused on ex-ante forecasting of green 

jobs creation potential of different energy. Much less work has been done to conduct ex-post 

evaluation of the job effects of clean energy development, especially in the context of the United 

States. This paper fills this lacuna by empirically examining the short-term effectiveness of clean 

energy policies of at the state and local levels in stimulating green jobs creation in the U.S. 

metropolitan areas. This study contributes to extant literature of state and local energy policies as 

well as green jobs studies.  
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CHAPTER TWO 

NETWORKING IN THE U.S. NATIONAL GREEN ENERGY 

POLICY DOMAIN: AN ERGM ANALYSIS BASED ON 

HYPERLINK MEASURES OF POLICY NETWORK 

 

2.1 Introduction 

In the United States, energy policy has undergone significant policy changes over the last 

decade, as more aggressive policies were put forward to reduce carbon emissions in electricity 

generations, to improve energy efficiencies in vehicles and buildings, and to deploy a wide array 

of renewable energy technologies, such as solar, wind and biomass technologies. As the federal 

government increasingly considers clean energy as an innovation leading to economic 

competitiveness with sustained job creation, as well as a pathway to a low-carbon society, a 

clean energy policy network is emerging. In the literature of policy theory, policy network, a 

communication network among government officials, think tanks, and interest groups around 

specific policy issues, is increasingly seen as an important meso-level concept linking macro-

level political institutions and micro-level individual behaviors (Lubell et al., 2012). In the clean 

energy policy network being considered, the clean energy advocacy groups have increasing 

influence over the energy policy making and implementation, by forming coalitions to advocate 

the passage of clean energy legislations and fostering the dissemination of knowledge regarding 

the necessity and importance of a clean economy. 

Within this clean energy policy network, it is important to understand with whom these 

policy actors share linkages and why. Gaining access to information and building relationships 

with other actors are key to an organization’s success in advancing its own goals. This is 

especially true for organizations in the clean energy policy arena, because clean energy advocacy 

organizations not only are faced with a strong advocacy coalition of carbon intensive interest 

groups, but also internal competitions among alternative clean technologies (eg. solar, wind, 

biomass, geothermal, and energy efficiency) for policy attentions from federal government.  

Therefore, participating in the policy network and choosing network partners wisely may provide 
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means for each organization to advance their own policy agenda. The question addressed in this 

chapter is why some clean energy advocacy organizations choose to have connections with other 

organizations, while others do not, and how they select their partners.  

This chapter is theoretically motivated by the institutional collective action (ICA) 

framework (Feiock and Scholz, 2010), which was proposed to explain collective action 

dilemmas among institutional actors. In the recent advancement of ICA framework in explaining 

policy network formation, a differentiation was made between coordination and cooperation 

games based on the risk levels of collaboration (Berardo and Scholz, 2010), and this has been 

tested in networks of local water governance (Berardo and Scholz, 2010) and local economic 

development administration (Feiock et al., 2010). This chapter develops testable hypotheses 

regarding clean energy policy network formation based on ICA framework by differentiating 

mechanisms associated with the coordination and cooperation games. 

Another motivation for this study is a methodological one. The difficulty of network data 

collection has always been a hurdle for scholars to overcome, requiring considerable time and 

effort. This is a result of largely document-based or survey-based network data collection 

methodology underlying most of the current network literature in political science, sociology and 

policy studies (Laumman and Knoke, 1987; Burt 1992; Provan and Milward, 1995). This study 

measures policy networks among the policy actors with a hyperlink network of the websites of 

these actors, and utilizes a webcrawling methodology for collecting network linkages among the 

policy actors in the clean energy policy domain. I argue that this alternative approach captures 

the key aspects of the underlying network of interests to policy and network scholars in an 

efficient and reproducible manner. 

In the next chapter, I first introduce the background of clean energy policy domain and 

the dynamics of link formation among the policy actors. Then I will discuss the theory of 

institutional collective action and how the differentiation of coordination versus cooperation 

games can help understand the link formation among the clean energy policy actors. A hyperlink 

network data collection methodology is introduced, and the resultant network is analyzed using 

an Exponential Random Graph Model (ERGM) to test the cooperation and coordination 

hypotheses on the clean energy network formation. Discussions are focused on the results of the 

ERGM model. This paper concludes with a discussion of the key findings and directions of 

future research. 
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2.2 Federal Clean Energy Policy Domain 

In an age of emerging impacts on the natural environment and human society from global 

climate change and rising price of traditional sources of energy, clean energy development is 

increasingly seen as a promising alternative to mitigate the climate change, diversify the energy 

supply and stimulate the economic development (Rabe, 2007; Drummond, 2010). In the United 

States, clean energy is increasingly considered an important policy area, in which an array of 

policy instruments are applied to mitigate climate change through reducing Greenhouse Gas 

emissions, diversify the energy supply by stimulating the deployment of clean energy capacities, 

secure energy independence from excessive energy imports, and stimulate economic 

development by creating green jobs.  

In the political agenda, energy policy has gained much political salience in the past few 

years, due to its connection to global climate change, and recent surge of gas prices that affected 

the daily life of every individual in the U.S. Energy policy is of great importance to all levels of 

governments in the United States, and the energy policy arena is characterized by a multi-level 

governance structure, in which federal, state and local governments all have a role in governing 

energy use. Although all levels of government are involved, federal government plays a key role 

in U.S. energy policy by making investment in R & D, providing tax incentives for clean energy, 

and making grants to support state and local initiatives.  One of the major economic initiatives 

made by the Obama Administration is the implementation of ARRA (The American Recovery 

and Reinvestment Act of 2009) stimulus package, designed to help United States regain 

economic momentum by creating a competitive clean energy industry.  

This study focuses on the federal level, instead of state and local levels, because federal 

government is the most powerful government authority in the U.S., whose policies could 

potentially pick winners and losers over a very long period of time. For example, the passage of 

federal production tax incentives (PTC) has stimulated a decade of fast growth of wind 

industries. As part the ARRA stimulus package, energy efficiency and building retrofitting 

claimed a significant portion of the government investment that greatly stimulated the growth of 

building efficiency businesses. Therefore, the policy advocacy and lobbying at the federal could 

potentially produce larger benefits, compared with similar efforts at state and local levels. 
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As the federal government increasingly considers clean energy as an innovation leading 

to economic competitiveness with sustained job creation, as well as a pathway to a low-carbon 

society, the configurations and dynamics among the policy actors is changing. More clean 

energy advocacy groups have emerged, and more importantly, getting more involved in the 

energy policy arena. Compared with a policy domain dominated by an “iron triangle” of carbon 

intensive interest groups, congress committees, federal energy regulatory commission (FERC) 

and Department of Energy (DOE) 10 years ago, the energy policy network is now characterized 

by a diverse policy network, in which the legislature, administrative agencies (DOE and EPA), 

regulatory agency (FERC) and competing advocacy coalitions (fossil fuel based and clean 

energy) are embedded in.  

The clean energy policy network is a subset of the energy policy network. This policy 

network is consisted of legislature, governmental agencies (DOE, EPA and FERC), business 

associations (for example, American Public Power Associations), sector based associations (for 

example, American Wind Energy Association), and professional associations (for example, 

North American Board of Certified Energy Practitioners). At the center of the network locate the 

governmental actors, who are the targets for various lobbying activities for these national 

advocacy groups. This chapter focuses on non-governmental actors and their interrelationships in 

the context of the clean energy policy network. It is interesting to examine this network, because, 

on the one hand, the actors within the network share common policy goals to fight against the 

fossil fuel based energy interests, and on the other hand, compete with each other for access to 

policy information and policy attentions. The dynamic condition in this policy arena makes it 

ideal for examining the network formation mechanism in a policy arena characterized by 

multiple institutional collective action (ICA) problems. 

 

2.3 Hyperlink Networks 

This study will use hyperlinks to study the structure of interactions within the green 

energy policy network.  With the advance of internet technology, social media is playing a more 

and more important role in our life. The network analysis methodology also advances 

dramatically over the past few years, not only in terms of statistical modeling of the networks, 

but also in the ways to defining social relationships. Social media provides an opportunity for 

scholars to go beyond the traditional survey-based network data collection methodology, and 
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examine the underlying social relationships underlying the virtual networks on the Internet. 

Social media-based network analysis has been developed and applied to study email networks 

(Hansen et al., 2011), wiki networks (Welser et al., 2011), facebook networks (Hogan 2011), 

blog networks (Adamic and Adar, 2003), youtube networks (Rotman and Golbeck, 2011) and 

hyperlink networks (Ackland, 2011; Rogers, 2010). The commonalities among these innovative 

ways of measuring networks are that they exploit the newly-available data generated by some 

form of social media. 

Of particular interest is the World Wide Web hyperlink network (Park and Thelwall, 

2003; Rogers, 2010; Ackland, 2011). Hyperlink is a reference to data that web surfer can directly 

follow. Different websites are connected with hyperlinks. Hyperlink network measures the 

relationships among the websites by counting the hyperlinks among them. Scholars from 

computer science and communication research study the hyperlinks to examine the various 

properties of the web network, for example the scale-free and small world properties of the 

network (Barabasi and Albert, 1999) and information diffusion processes (Adamic et al., 2007).  

In a hyperlink network, actors (nodes) are defined as the websites, for example 

www.fsu.edu, www.greenpeace.org, www.whitehouse.gov. The links between the nodes are 

defined as the hyperlinks from the webpages of one site to those of the other chosen websites. 

Because there are directions in the hyperlinks (i.e. website A may or may not a hyperlink to 

website B, and B may or may not have a hyperlink to A), the resulting network is a directed 

network with senders and receivers. The resulting network is also a valued network, in that a 

website could send multiple links to another website, suggesting a stronger relationship with 

multiple points at which references are directed to pages in the other website. 

Hyperlink network analysis has been applied to study various topics in social sciences, 

including E-commerce (Krebs, 2000), social movement (Adamic, 1999), interpersonal 

communication (Park et al, 2000; 2001), inter-organizational communication (Bae and Choi, 

2000), international communication (Barnett, 2001), environmental movement (Ackland and 

O’Neil, 2011) and virtual policy network (McNutt, 2006). All these studies suggest that 

hyperlink network analysis is becoming a useful approach to study offline social relationships. 

 

2.4 Measuring Policy Networks with Hyperlink Networks 

http://www.fsu.edu/
http://www.greenpeace.org/
http://www.whitehouse.gov/
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 To measure policy networks with hyperlink networks, a series of methodological 

questions need to be discussed and resolved. First, does online hyperlink network represent 

offline social relationships? If yes, can hyperlink network capture the relationships presented in a 

policy network? Would there be any biases to measure policy network with hyperlink network? 

If yes, what are the directions of the biases? These questions are fundamental in understanding 

the linkages between hyperlink networks and policy networks, and this paper makes an effort in 

answering these questions. 

 

2.4.1 Hyperlink Network and Offline Social Relationship 

 The hyperlink network is first a network of websites connected by hyperlinks, and as 

such reflects factors that are specific to the “online” characteristics determining the hyperlinking 

activities. In particular, the preferential attachment principle was recognized as a key organizing 

principle of the web pages (Barabasi and Albert, 1999; Barabasi et al., 2000). This principle 

states that new nodes in the web send links to older nodes in proportion to the links that they 

already receive, generating a path-dependency that gives advantage to the most senior sites. 

Links may also be generated because of the quality of the website content (Brin and Page, 1998). 

With this perspective, the relationship between links and websites are analogous to that between 

citations to papers (Park and Thelwall, 2003).   

 Hyperlink networks also reflect social and political reasons for organizations’ creation of 

hyperlinks to other organizations. Hyperlinks can express endorsement and trust (Kleinberg, 

1999; Davenport and Cronin, 2000). Park, Kim and Barrett (2004) argue that hyperlinking is a 

strategy for organizational alliance building. Rogers and Ben-David (2008) particularly 

emphasize the “issue network” nature of the hyperlink networks. This formulation of resonates 

the “issue network” concept in policy theories. The hyperlinked organizations are located within 

the same issue network.  

 These social and political reasons for hyperlink network formation are of particular 

interests to political scientists and policy scholars. The above stated reasons for hyperlink 

network formation can be summarized as two general propositions: first, information sharing and 

transmission, and second, trust building and alliance development. Although the latter seems to 

have more “social” and “political” elements in it, they are necessary components of a policy 

network, depending on the specific collective action problems the policy actors are confronting. 
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In the Institutional Collective Action (ICA) framework, the formation of a policy network could 

be based on a network structure conducive for information sharing or/and a structure beneficial 

for trust building. Therefore, what was found about the reasons underlying hyperlink network 

formation based on previous studies of NGO hyperlink networks (Ackland and O’Neil, 2011; 

Rogers and Ben-David, 2008) and virtual policy network (McNutt, 2006) suggests that hyperlink 

network reflects similar organizing mechanisms as that of a typical policy network. The 

arguments (information sharing and trust building of hyperlink networks) made by previous 

hyperlink studies are based more on qualitative judgment generated from in-depth case studies of 

a particular hyperlink network, and what this study contributes to the literature are: an integration 

of hyperlink network with the ICA framework, and empirical test of the hypotheses with 

statistical models of networks (Exponential Random Graph Models, ERGM). 

 

2.4.2 Hyperlink Network and Policy Network 

Hyperlink networks measure the relationships among the websites of policy-relevant 

organizations by counting the hyperlinks connecting them. Given the fast development of 

information technology of modern society, most policy actors (governments, business groups, 

NGOs, consultants and other stakeholders) have their own websites. To the extent that 

hyperlinks reflect the array of other contacts with useful organizations, the hyperlink networks 

among their websites provide an alternative measure of the underlying policy network. In extant 

literature, very few studies have utilized hyperlink networks to study policy networks. McNutt 

(2006) proposed that the web based network is a virtual policy network (VPN), in which 

organizations online imitate their offline counterparts. Following the policy subsystem typology 

of Howlett (2002), McNutt tested the model with hyperlink network data from four policy areas: 

Aboriginal policy, agriculture, banking and women-centered policy. The conclusion she drew 

from the analysis is that the hyperlink networks “appear to mimicking their real world 

counterparts” (McNutt, 2006). There are also some limitations with this approach, because the 

author analyzed hyperlink data with indegree counts and rankings, and did not utilize a broader 

array of tools available in social network analysis. Although the author argues that the hyperlink 

network correspond to the real world policy network, the empirical evidence is based on the 

correspondence of typological categories instead of detailed network measures. This study will 
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provide empirical evidence of the correspondence between hyperlink network and policy 

network with statistical tests. 

 

2.5 Institutional Collective Action and Federal Clean Energy Network Formation 

 Why do actors engage in policy networks, and how do they select network partners to 

further their interests? These are the key questions facing scholars studying policy networks. The 

study of policy networks originates from the concept of iron triangle and issue networks (Heclo, 

1978). In the “iron triangle” formulation, policy making is determined in the interrelationships 

among congress committees, federal agencies and interest groups. The concept of issue network 

depicts the dynamics that groups organize around particular policy issues. The literature on 

subsystem politics further developed the idea of policy networks. The major theoretical 

frameworks in subsystem politics research include Punctuated Equilibrium (PE, Baumgartner 

and Jones, 1993) and Advocacy Coalition Framework (ACF, Sabatier and Jenkins-Smith, 1993). 

Recent decade has seen an increasing interest in policy network studies, with significant 

advancement of new theories and frameworks of policy networks. Institutional Collective Action 

(ICA) framework and the related Ecology of Games framework are directly addressing 

theoretical and methodological issues involving policy networks. Under the ICA framework, 

studies were done to understand local economic development (Lee, Feiock and Lee, 2012), local 

public goods supply (Shrestha and Feiock, 2011) and local water governance (Scholz, Berardo 

and Kile, 2008). The ICA framework explicitly deal with policy networks and is grounded on 

network analytic methodologies, and various network statistical models were used, including 

QAP (Quadratic Assignment Procedure) model and ERGM (Exponential Random Graph) 

models.  

Policy actors in the national clean energy policy arena are engaging in two types of 

games in choosing partners in this policy network: a coordination game and a cooperation game 

(Berardo and Scholz, 2010). The coordination game is characterized by a low risk prisoner’s 

dilemma, in which efficient information sharing and transmission is needed to ensure 

collaborative relationships. In the field of clean energy policy, this coordination is exemplified 

by the mutual sharing of policy-relevant technical knowledge regarding the causes of climate 

change, the cost and benefits of different clean technology alternatives and expert judgment 

regarding appropriate windows for policy change for renewables and efficiency. The cooperation 
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game comes into play when higher risks are at stake, and trust among the players is important to 

achieve collaboration. In the case of clean energy policy, trust-based cooperation is needed 

among the advocacy organizations to collectively lobby for favorable policy change. The games 

at play have implications for the underlying network signatures needed to maintain the overall 

structural relationships in the policy network. While a coordination game entails a network 

microstructure conducive for information bridging and diffusion of ideas, tightly-clustered and 

strong bonding relationships are needed to ensure cooperation.  

As discussed in the previous section, the coordination versus cooperation propositions for 

network link formation developed in the tradition of ICA framework is also supported implicitly 

by the works done in hyperlink studies. In hyperlink network studies, it is argued that the two 

major motivations for hyperlinking are sharing of high quality web contents and information, and 

building allies with important partners (Gonzales-Bailon, 2009). This articulation loosely 

corresponds to the coordination and cooperation hypotheses in the ICA framework. The sharing 

of high quality web contents and information can be seen as a coordination game among the 

policy actors. The alliance formation among the websites can be seen as a cooperation game, in 

which websites building clustered and reciprocal relationships with their partners. Therefore, 

using hyperlink network to test ICA framework involves two levels of theoretical and 

methodological integrations. First, ICA framework could help theorize the hyperlink formation 

mechanisms on the web. Second, ICA framework could utilize the data generated with hyperlink 

analysis to test its hypotheses. The fact that the previously separated literature of hyperlink 

studies and ICA framework correspond with each other indicates that hyperlink network 

represents the characteristics of a typical policy network that can be explained by policy theories. 

 

2.6 National Clean Energy Policy Network as a Coordination Game 

 Information sharing and coordination is important for clean energy policy advocacy 

organizations. Policy advocacy groups need policy relevant information and technical knowledge 

in the policy area to influence the policy making process (Carpenter et al., 1998). Successful 

policy advocacy of these organizations in the complicated clean energy policy arena need quality 

policy information regarding global climate change, cost effectiveness and employment effects 

of relevant renewable and efficiency technologies, and implementation strategies etc. In the clean 

energy policy area, it is highly costly for these policy advocacy organizations to invest their own 
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resources for all policy information needed for lobbying. In addition to doing their own research 

on some topics, they also look to other clean energy advocacy groups for relevant information. 

The sharing of policy information help maintains a collaborative relationship among the policy 

actors that benefits the individual network participants.  

Two network structures are conducive for information sharing among policy actors. 

Coordination needs efficient ways of acquiring quality information. Therefore, popular clean 

energy advocacy organizations serve a role to provide policy information to other actors. Other 

policy actors also prefer to link to popular actors, because the popularity itself signals quality of 

information.  This is also called “preferential attachment” in the network science literature 

(Barabasi et al., 2000). In the context of hyperlink networks, if website A sends a hyperlink to 

website B, then it signals that A endorses the web information provided by B. For example, in 

the clean energy policy network that will be presented later, the websites of American Solar 

Energy Society (ASES) and American Council for an Energy-Efficient Economy (ACEEE) each 

receives an inlink of 14 and 11 separately, indicating that other websites consider the two 

websites as authoritative in this policy field in providing relevant policy information. This 

observation of the hyperlink patterns corresponds to the real world roles of these two 

organizations. For example, ACEEE has established an energy efficiency information portal, 

held conferences, and published reports on energy efficiency, making it a leading organization in 

advocating for energy efficiency. In terms of network structure, the relationship in which all 

actors tend to link to a single popular actor is called “in-star”, providing the most efficient 

information transmission mechanism (as shown in Figure 2.1).    

Popularity Hypothesis: Clean energy policy advocacy actors will link to popular actors (in-

stars). 

 

To search for novel and unique information, actors also prefer to link to actors that are 

connecting clustered networks. The actors that are bridging between two clustered networks are 

brokers. By linking to brokers, the clean energy policy actors can acquire information 

unavailable in the tightly clustered policy clique. In the context of hyperlink networks, this 

means that a website is more inclined to link to a website connecting different clusters of 

websites. The network signature related to this hypothesis is a two-path structure (as shown in 

Figure 2.2). For a policy actor entering the policy network, it helps shorten the path length by 
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connecting to alters who have the largest number of alters not already connected to ego.  For 

example, the website of National Association of State Energy Officers (NASEO, represented as 

B in Figure 2.2) is connected to a broad range of policy actors, including energy efficiency (C) 

and solar energy (D). For an organization A that is entering this policy network, it would more 

likely send a link to NASEO (B), because the linkage to B provides information about C and D. 

From an web surfer point of view, if website A builds a hyperlink to B, which already has 

outlinks to C and D, then it provides an information channel that efficiently leads web surfer 

from website A to C and D.  

Bridging Hypothesis: Clean energy policy advocacy actors will link to bridging actors (2-

paths). 

 

 

Figure 2.1: Popularity: in-stars                                           Figure 2.2: Bridging: 2-path 

 

 

2.7 National Clean Energy NGO network as a Cooperation Game 

 In addition to the coordination game that could potentially affect the linking patterns 

among the clean energy policy advocacy network, a cooperation game is an alternative 

explanation for the overall network structure. Clean energy policy advocacy groups are in a 

cooperation game for several reasons. First, clean energy policy advocacy organizations are 

faced with external policy competition from carbon intensive oil companies and electric utilities 

with stakes in preserving the policy status quo, i.e., a carbon intensive economy. In face with a 

strong competitive advocacy coalition, internal solidification and cooperation among the clean 

energy policy groups are needed to change the national energy policy toward a low-carbon path. 

Secondly, the policy actors in the clean energy policy arena are also very diverse. These 

organizations are representing different technologies (solar, wind, biomass, geothermal, or 
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energy efficiency) with different emphasis (industry development, employment opportunities or 

environmental protection). These actors are advocating for a green economy, but with different 

approaches. They are lobbying for a policy change for a low-carbon economy, in which their 

own agenda could be set as a priority in the national energy policy. Therefore, the policy actors 

have motivations for defection to seek a higher payoff for their own. Trust and monitoring are 

needed to ensure cooperation among the policy actors.   

 Two kinds of network structures among the clean energy policy advocacy organizations 

may underlie the cooperative relationships. Reciprocity is very important for building and 

maintaining trust (Putnam, 1993), because a stable and close cooperative relationship could not 

be maintained with one-directional flow of information and resources. As shown in Figure 2.3, 

Reciprocal relationship between the websites is symbolized by the exchanges of hyperlinks. If 

website A sends a hyperlink to B, and B reciprocate with a hyperlink back to A, it indicates a 

mutually beneficial relationship that the two organizations share similar values and stances on 

policy issues. For example, the websites of ACEEE and Alliance to Save Energy (ASE) 

reciprocate each other with multiple hyperlinks in and out, corresponding to the real world 

relationships of policy allies in advocating for energy efficiency.  

 Verifying the positive and collaborative relationships underlying the hyperlinks is a 

difficult task in measuring policy networks with hyperlink networks, because the hyperlink may 

sometimes indicate a negative relationship or public image building. For example, website A 

may critique website B and direct audiences to B with a hyperlink. The public image building 

motivation is discussed in an early study of hyperlinks (Rogers and Marres, 2000), in which they 

showed that Shell sent a hyperlink to GreenPeace to show its environmental friendliness, while 

Green Peace did not reciprocate. This means that sending a hyperlink is one thing, and getting a 

hyperlink back is another thing. Therefore, the existence of reciprocal relationships of hyperlink 

network could be a litmus test of policy coalition.  

Reciprocity Hypothesis: Clean energy policy advocacy actors forge reciprocal relationships 

(reciprocal ties).  

 

Mutually beneficial exchanges of information and resources between policy actors are 

necessary for cooperation among policy actors. In addition to reciprocity, third party 

enforcement is also needed to ensure credible commitment. This social enforcement mechanism 
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could be achieved by forming tightly-clustered relationships with other policy actors. As shown 

in Figure 2.4, a transitive triad represents a network structure that enhances information 

redundancy and cross-checking within the closed group. In the context of hyperlink network, 

given that A and B share a reciprocal relationship by sending hyperlinks to each other, and that B 

also sends a hyperlink to C to endorse the quality of contents in website C, B is in a position to 

ensure C’s trustworthiness.   

Bonding Hypothesis: Clean energy policy advocacy actors form tightly-clustered groups 

(transitivity). 

 

Figure 2.3: Reciprocity: reciprocal ties                               Figure 2.4: Bonding (Social Clustering): transitivity 

 

 

2.8 Data Collection 

To rigorously study a policy network, it is important to clearly identify the actors that will 

be included into or excluded from the network; otherwise, the network could become too large to 

be theoretically meaningful. The boundary of the federal clean energy policy network is defined 

as follows. As this study pays special attention to network of policy advocacy groups, I include 

all organizations listed as “national organizations” by Database for State Energy Efficiency and 

Renewables (DSIRE), which is an important hub for policy information regarding clean energy 

policies in the U.S. Table 2.1 lists the 40 organizations identified for this study. However, this is 

not the universe of organizations participating in the clean energy policy making at the national 

level in the U.S. Numerous other organizations and individuals could also potentially influence 

the policy making. This sample is a set of important policy actors that are recognized to have a 

significant impact in U.S clean energy policy making. 
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Table 2.1 List of National Organizations Advocating for Clean Energy 

Alliance to Save Energy (ASE) National Hydropower Association (NHA) 

American Council for an Energy-Efficient Economy (ACEEE) National Rural Electric Cooperative Association (NRECA) 

American Council On Renewable Energy (ACORE) National Wind Coordinating Committee (NWCC) 

American Public Power Association (APPA) Network for New Energy Choices (NNEC) 

American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) 

North American Board of Certified Energy Practitioners 

(NABCEP) 

American Solar Energy Society (ASES) North Carolina Solar Center (NCSC) 

American Wind Energy Association (AWEA) Power Scorecard 

Biomass Energy Resource Center Regulatory Assistance Project (RAP) 

Biomass Thermal Energy Council (BTEC) Renewable Energy Policy Project (REPP) 

Center for Resource Solutions (CRS) Rocky Mountain Institute (RMI) 

Clean Energy States Alliance (CESA) Solar Alliance 

Environmental and Energy Study Institute (EESI) Solar America Board for Codes and Standards (Solar ABCs) 

Florida Solar Energy Center (FSEC) Solar Electric Power Association (SEPA) 

Geothermal Energy Association (GEA) Solar Energy Industries Association (SEIA) 

Interstate Renewable Energy Council (IREC) Solar Rating and Certification Corporation (SRCC) 

National Association of Regulatory Utility Commissioners 

(NARUC) 
Southface Energy Institute 

National Association of State Energy Officials (NASEO) U.S. Combined Heat & Power Association (USCHPA) 

National Association of State Utility Consumer Advocates 

(NASUCA) 
U.S. Green Building Council (USGBC) 

National Center for Appropriate Technology (NCAT) U.S. Green Building Initiative 

National Conference of State Legislatures (NCSL) 
Union of Concerned Scientists (UCS) - Renewable Electricity 

Toolkit 

 

Some of these organizations represent specific industrial clean energy sectors, for 

example, American Wind Energy Association (AWEA), American Solar Energy Society (ASES) 

and Biomass Energy Resource Center. Some organizations advocate clean energy in general, for 

example Renewable Energy Policy Project (REPP) and Clean Energy States Alliance (CESA). 

There are also organizations for engineers working in specific clean energy fields, such as North 

American Board of Certified Energy Practitioners (NABCEP) and American Society of Heating, 

Refrigerating and Air-Conditioning Engineers (ASHRAE).  

With this list of network nodes, I retrieved all URL addresses of the websites associated 

with these organizations. These URL addresses were then used as seeds loaded in Issuecrawler to 

identify all hyperlinks between the URL addresses (Rogers, 2010). The Issuecrawler is a network 

location and visualization software. It consists of crawlers, analysis engines and visualisation 

http://www.ase.org/
http://www.hydro.org/
http://www.nreca.coop/
http://www.acore.org/
http://www.nationalwind.org/
http://www.appanet.org/
http://www.newenergychoices.org/
http://www.ashrae.org/
http://www.ashrae.org/
http://www.nabcep.org/
http://www.nabcep.org/
http://www.ases.org/
http://www.ncsc.ncsu.edu/
http://www.awea.org/
http://www.powerscorecard.org/
http://www.biomasscenter.org/
http://www.raponline.org/
http://www.biomassthermal.org/
http://www.repp.org/
http://www.resource-solutions.org/
http://www.rmi.org/
http://www.cleanenergyfunds.org/
http://www.solaralliance.org/
http://www.eesi.org/
http://www.solarabcs.org/
http://www.fsec.ucf.edu/
http://www.solarelectricpower.org/
http://www.geo-energy.org/
http://www.seia.org/
http://www.irecusa.org/
http://www.solar-rating.org/
http://www.naruc.org/
http://www.naruc.org/
http://www.southface.org/
http://www.naseo.org/
http://www.uschpa.org/
http://www.nasuca.org/
http://www.nasuca.org/
http://www.usgbc.org/
http://www.ncat.org/
http://www.thegbi.org/
http://www.ncsl.org/
http://go.ucsusa.org/cgi-bin/RES/state_standards_search.pl?template=main
http://go.ucsusa.org/cgi-bin/RES/state_standards_search.pl?template=main
http://www.ases.org/
http://www.biomasscenter.org/
http://www.repp.org/
http://www.cleanenergyfunds.org/
http://www.nabcep.org/
http://www.nabcep.org/
http://www.ashrae.org/
http://www.ashrae.org/
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modules. It is capable of crawling specified sites, and captures the outlinks from the specified 

sites. Three types of crawling are available for researchers: co-link analysis, snowball analysis 

and inter-actor analysis. The first two methods could be used to identify important websites and 

exhaust all the potentially linked websites. This chapter utilizes Inter-actor analysis, because it 

crawls the seed URLs and retains inter-linking between the seeds. After the crawl, it generates a 

40 by 40 asymmetric network matrix with the number of links from row to column organization 

in each cell, indicating a directed and valued network. To simplify the analysis, the valued 

network is dichotomized by transforming links equal or greater than 1 into 1, otherwise 0. The 

transformation process is done in UCINET 6.  

 

2.9 Descriptive Statistics and Network Visualization 

Table 2.2: Descriptive Statistics: Links of Actors (from SIENA) 

Network Level Statistics Statistics 

Unique edges 185 

Dyadic counts 741 

     Mutual 32 

    Asymmetric 121 

     Null 588 

Network Density 0.125 

Average Degree 4.744 

Number of transitive triplets 320 

Number of alternating out-k-stars 257 

Number of alternating in-k-stars 239 

Number of two-path 951 

 

Table 2.2 reports descriptive information on the hyperlink relations among clean energy 

policy advocacy organizations in this study. The total edges (hyperlinks) observed for this 

network is 185, with 32 pairs of mutual edges and 121 asymmetric edges. The density of the 

network is 0.125. On average, each policy actors sends and receives 4.744 hyperlinks to other 

organizations. The distribution of indegrees and outdegrees are shown in Figure 2.5 and Figure 

2.6.  The indegree distribution shows a pattern between normal distribution and power law 
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distribution, indicating that there are factors in addition to preferential attachment that affect the 

link formation among the policy actors. The outdegrees for policy actors roughly follow a 

bimodal distribution, with many actors sending zero or a few outlinks and many actors sending a 

large number of outlinks. This may indicates that the policy network is polarized with a few very 

active policy actors trying to link to other organizations and a few policy actors that possess 

important policy resources that do not have much motivation to link to other actors. 

 

 

Figure 2.5: Indegree Distribution for Policy Actors 

 

 

 

Figure 2.6: Outdegree Distribution for Policy Actors 
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Figure 2.7: National Clean Energy Policy Advocacy Network in the U.S. 

 

Figure 2.7 maps the network structures of clean energy advocacy groups. This network 

visualization is generated with Fruchterman-Reingo algorithm in NodeXL, with node sizes 

proportional to indegrees. From this map, we can see that organizations with high indegrees are 

located at the center of the network.  

 

2.10 Statistical Model 

 To analyze the structure of the hyperlink network for the clean energy advocacy 

organizations, a statistical model of network is utilized. The model estimated in Table 2.3 

belongs to the exponential random graph models (ERGMs/p* models, Snijders et al., 2006; 

Robins et al., 2007). The ERGMs are used to understand the micro structures driving the 

formation of networks. It is increasingly used by policy scholars to understanding the structural 

as well as nodal level factors underlying the overall network patterns. This ERG model is 
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estimated in SIENA (Simulation Investigation for Empirical Network Analysis) 3. The ERG 

model in SIENA uses Metropolis-Hastings algorithm for generating random draws from an 

exponential random graph distribution, and estimate the patterns of relationships using stochastic 

approximation (Snijders et al., 2006). It estimates the probability that the network signatures 

included in the model appear more frequently than would have been in a random graph with the 

same number of nodes and links.  

 

2.11 Model Results 

 Table 2.3 reports the ERG model estimates together with standard errors. Large positive 

parameters indicate that there is greater frequency of a hypothesized configuration in the 

observed network than expected by a random graph, conditioning on other network signatures. 

Negative parameters indicate that the configuration occurs less frequently than would have been 

in a random graph. 

 

Table 2.3: ERG Estimates and Standard Errors 

 

 

 

 

 

 

 

First, we will discuss the results related to cooperation hypotheses. In the cooperation 

hypotheses, we argue that reciprocity and social bonding are two main reasons for policy actors 

to form connections. Reciprocity is operationalized as a network structure of reciprocal ties, and 

bonding is operationalized as transitive triplets. In the context of the ERG model, we can test 

these hypotheses by comparing the number of reciprocal ties and transitive triplets of the 

observed the network and a randomly generated graph. As shown in Table 2.3, the cooperation 

hypotheses receive very strong support. The positive and statistically significant coefficient of 

“Transitive Triplets” indicates that the bonding structure has a positive impact on the link 

formation among the clean energy policy actors. The coefficient of reciprocity is also positively 

 Coefficient Standard Errors 

Reciprocity 1.3426*** 0.3002 

Transitive Triplets 0.2123*** 0.0609 

2-path -0.0991*** 0.0285 

Alternating in-k-stars 1.0745*** 0.2252 

Alternating out-k-stars 0.3358 0.3051 
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significant, indicating that mutually beneficial relationships are also driving the network patterns 

in clean energy policy network. These results are consistent with one set of hypotheses regarding 

the nature of the game at play among the clean energy policy actors: a cooperation game. Faced 

with external pressures to push for policy changes against the resistance of carbon intensive 

advocacy coalitions and higher risks of defections within the policy community, these actors 

form strong tie relationships based on mutual benefits and clustered groups.  

We also proposed two coordination hypotheses: a popularity hypothesis and a bridging 

hypothesis. The first is linked to a network structure of in-star, and latter linked to two-paths. As 

shown in the results of ERG estimation, the coordination hypotheses are partially supported. The 

coefficient of k-in-stars is positive and statistically significant. This indicates that clean energy 

policy groups are more likely to link to popular actors than would have been observed in a 

random graph. Consistent with the popularity hypothesis, clean energy policy actors prefers to 

look to popular actors to seek quality policy-relevant information. The bridging hypothesis is not 

supported, to the contrary, it is negative and significant. This might be attributed to the fact that 

there are no clearly separated clusters of groups because of the choice of clean energy policy 

network out of energy policy network in general. If a larger network boundary is drawn, it is 

likely that the bridging hypothesis could become positive and significant. 

 Several substantive implications can be drawn from this analysis. We find more evidence 

supporting trust building and coalition development among the clean energy policy advocacy 

organizations, compared with information bridging and sharing. Considering that this study 

measures policy network with hyperlink network, this suggests that the websites of these clean 

energy advocacy organizations are purposefully linked with each other in a way that reflects the 

underlying policy coalitions. In addition to preferential attachment as an organizing rule for 

internet based network, the statistical significance of reciprocity and transitivity does lend 

credence to the argument that this hyperlink network does mimic the behavioral patterns of a 

typical policy network. What this means for clean energy policy is that in the face of external 

competitive policy coalitions advocating for the interests of carbon based energy industries, 

clean energy policy actors solve the collective action dilemma by forming mutually beneficial 

relationships and link to allies’ allies. Clean energy policy actors also seek popular information 

sources for policy relevant knowledge, but they do not seek actors that possess multiple 

information sources. This might indicate the clean energy policy sector is such a consolidated 
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network in which policy actors prefer building strong and redundant relationships to acquire 

trustworthy information on clean energy policy, rather than linking to actors that are ambivalent 

in their policy stances regarding the priority regarding carbon based energy and renewable 

energy. This further indicates that the collective action problem faced by clean energy policy 

actors is a cooperation game, in which trust is important. In such a cooperation game, linking to 

policy brokers presents higher risks in that policy brokers may not provide policy information 

that the clean energy policy actors consider consistent to their values, beliefs and interests.  

 

2.12 Conclusions 

This chapter examines the mechanisms underlying the formation of U.S. national clean 

energy policy network. Based on Institutional Collective Action (ICA) framework, this chapter 

developed and tested hypotheses regarding cooperation versus coordination hypotheses 

regarding the reasons for clean energy policy actors’ networking activities. Using a webcrawler 

data collection strategy and measuring policy network with hyperlink network, I collect a data 

set of network relationships among the clean energy policy actors. With Exponential Random 

Graph models, I test the proposed hypotheses and finds strong empirical evidence supporting 

cooperation hypotheses, and partial support for coordination hypotheses. 

As clean energy policy gets increasing policy attention from federal government, it is 

important for policy scholars to understand how clean energy policy actors organize to influence 

the policy making. Examining the network structure of clean energy policy domain and 

analyzing the underlying mechanisms for network formation have revealed that the clean energy 

policy network in the U.S. is organized based on trust and clustered relationships. These 

structural properties of the network help ensure collective actions against traditional energy 

policies, and prevent potential defections of individual policy actors for a specific kind of clean 

technology. 

The theoretical implication of this study lies in its value in integrating policy theories and 

hyperlink networks. This paper adopts ICA as a theoretical framework to illustrate the value of 

hyperlink network for policy theories, and to test the propositions of ICA with hyperlink 

network. The robustness of the general propositions of ICA is supported. This paper serves as a 

first step in linking policy theories with hyperlink networks. Other theoretical frameworks of 

policy process, such as Advocacy Coalitions Framework and policy diffusions framework, could 
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also be tested with the assistance of hyperlink network. It is beyond the scope of this paper to 

discuss these further applications, and this leaves opportunities for further research. 

There are also several caveats for this analysis. Theoretically, hyperlink network is a 

communication/information network, in which policy actors shares information. The findings in 

this paper strongly suggest that reciprocity and transitivity are mechanisms underlying the clean 

energy policy network formation, and that this hyperlink network resembles properties of a 

typical policy network that could be explained by a policy theoretical framework. The extent to 

which hyperlink network measures policy network depends on the correlation between 

hyperlinks among the policy actors and the survey generated policy network, which is an 

ongoing project currently being investigated (Yi and Scholz, 2012). A Quadratic Assignment 

Procedural (QAP) model could be run to test the correlations among the two networks generated 

with different methods.  

 In addition to the above concerns, distinguishing between hostile and cooperative 

relationships between the sender and receiver presents a problem for researchers (McNutt and 

Pal, 2011). If the network size is small, it is not difficult for researchers to check individual links 

for hostile versus cooperative links. But with the increase of network size, it is not feasible to 

manually examine the individual hyperlinks. However, this does not mean that there is no 

solution to this problem. This paper makes an argument that reciprocal relationships could be 

indicators for strong tie relationships. In addition, as most policy network studies are 

theoretically driven, and most researchers are familiar with the policy area they are working on, 

therefore, it could be an option to first identify several policy coalitions that are likely to have a 

cooperative within coalition hyperlinks, and hostile outside coalition hyperlinks. Attentions 

could be paid to inter coalition (group) hyperlinks, to narrow down the scope of links to be 

examined.    
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CHAPTER THREE 

CLEAN ENERGY POLICIES AND ELECTRICITY SECTOR  

CARBON EMISSIONS IN THE U.S. STATES 

 

3.1 Introduction 

 In response to the urgent need for immediate climate mitigation actions on the threats 

posed by global climate change and the lack of policy actions from the federal government, state 

governments act as pioneers in climate and clean energy policies in the United States (Rabe, 

2004; 2008), with multiple interrelated policy goals, including energy diversification, 

decarbonization, and economic development. Characterized as the “golden” age of state energy 

policies, the past two decades have seen states’ proactive involvement in interstate competitions 

in policy innovations on a series of market based policy instruments and tools (Carley, 2011; 

Byrne et al., 2007).  

A very important motivation for these energy policies is to reduce carbon emissions in 

different sectors of the economy, especially in the electric power sector. In 2008, the electric 

utility sector accounts for 40.6% of total carbon emissions in the United States, the largest 

among all the economic sectors. Compared with tremendous difficulties in measuring and 

reducing carbon emissions in residential, commercial and transportation sectors, which are 

diffused downstream sources, the electric utility sector presents unique opportunities for 

government to implement effective and efficient upstream policies to inventory, monitor and 

reduce carbon emissions. By increasing energy efficiency and diverting to low-carbon generation 

fuels, policy tools targeted at electric utilities enjoys advantages in political acceptability and 

economic feasibility (Rabe, 2008). To much extent, the state energy policies are dominated by 

electricity sectoral policies after 1990s when the boundaries between climate policies and energy 

policies get increasingly blurred (Ellerman, 2012). State level green electricity actions have filled 

the policy void resulted from the inaction of federal government in climate mitigation in the U.S.  

The coupling of climate and energy policies brings both benefits and costs. On the 

positive side, it makes climate policies political acceptable when policy makers attach multiple 

goals to these instruments and build a broader alliance for policy advocacy. But on the down 
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side, evaluations of the effectiveness of these policy tools are likely to be obscured by their 

success in achieving one goal instead of the others. In current academic and political discussions, 

much attention has been paid to the energy diversity effect of clean energy and climate policies 

(Carley, 2009; Kneifel, 2008; Yin & Powers, 2010), while much less attention is paid to the 

impact of these policy tools on carbon emissions. While a diversified energy supply leads to 

increased energy security, energy diversification does not necessarily lead to decarbonization in 

the electric utility sector, and attaining the goal of increasing renewable energy supplies does not 

automatically lead to effective climate mitigation. Similarly, efforts to increase energy efficiency 

have resulted in significant effects in economic savings, but whether and how much these energy 

efficiency measures lead to reduced carbon emissions remain unexamined.  

Therefore, it is of both policy and academic importance to evaluate the effectiveness of 

state clean energy policies in reducing carbon emissions in the electricity sector. Pertinent 

research questions include: how to evaluate the carbon emissions reduction efforts in the electric 

utility sector? And, have state clean energy policies effectively reduced carbon emissions? Do 

policy tools, such as renewable portfolio standards, energy efficiency resource standards and 

public benefit funds, reduce carbon emissions in different ways? Are supply and demand side 

energy policy tools equally effective? 

This paper addresses these research questions by empirically examining the determinants 

of carbon emissions in the electric utility sector in the U.S. states. By decomposing carbon 

emissions into electricity generation and carbon intensity and evaluate the impacts of demand 

side and supply side energy policy tools separately, this paper examines the relative impacts of 

demand side and supply side energy policy tools on carbon emissions.  

In the next section, a brief overview of extant literature on state clean energy policies is 

presented. Section three will discuss different measures of carbon reduction in the electric utility 

sector, followed by hypotheses for state electric utility sector carbon emissions. Econometric 

model and results are presented next. It concludes with a discussion on policy implications. 

 

3.2 Background: State Clean Energy Policies and Carbon Emissions  

 Several lines of research inform this analysis. The first stream of studies focuses on the 

adoption of state level climate and clean energy policy instruments in the United States. These 

studies seek answers to why sub-national entities, such as state and local governments, take on 
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the challenge of climate protection, despite relatively little progress made at the federal level. 

Rabe (2004, 2008) explained state actions to address climate change focusing on three 

dimensions: politics, economics and mechanics. Policy entrepreneurs are very important in 

forming policy alliance in advocating policy changes for clean energy and climate protection. 

States adopt policies that impose least economic costs and build maximum political consensus. 

For example, renewable portfolio standards, although not as effective as carbon pricing in 

climate mitigation theoretically, are being widely adopted due to its broad political constituency.  

Much attention was also paid to the use of specific clean energy and climate policy tools, 

such as renewable portfolio standards (Matisoff, 2008; Chandler, 2009; Huang et al, 2007; Lyon 

& Yin, 2010; Yi & Feiock, 2012), net metering (Stoutenborough & Beverlin, 2008), tax 

incentives (Ciocirlan, 2008), energy efficiency resource standards (Nadel, 2006) and climate 

action plans (Wheeler, 2008). These studies systematically analyzed the political, social, 

economic and natural determinants of clean energy policy choices. The influence of clean energy 

potentials, citizen ideology, and the policy actions of neighboring states and previous 

commitment to green policies are found to be important predictors for state adoptions of these 

policy tools. 

Although understanding why governments make commitment to climate protection and 

clean energy is important, a more crucial task is to evaluate whether these policies have achieved 

some aspects of their claimed effectiveness. Studies were conducted to evaluate the effects of 

these policy tools on clean energy development (Carley, 2009; Yin & Powers, 2010; Kneifel, 

2008). Using state-level data from 1998 to 2006, Carley (2009) reported that RPS 

implementation was not a significant predictor of renewable energy generation. Political 

institutions, natural resource endowments and deregulation, among other factors, were found to 

be important predictors for renewable energy generations. However, other studies showed 

different results with regard to the effects of RPS policy on renewable energy development. 

Kneifel (2008) found that RPS with either capacity or sales requirement increased renewable 

energy generation capacity in that state. Yin and Powers (2010) also found that RPS policies had 

significant impacts on in-state renewable energy development, if RPS was measured with 

additional design features. What was missing in this literature is that these policy tools were 

adopted not only to stimulate the growth of clean energy industries, but more importantly to 
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reduce carbon emissions. Extant literature has paid little attention to the effect of these tools on 

carbon emissions. 

Several studies examined carbon emission reductions in the U.S. states. Jiusto (2006) 

compared different accounting methods for carbon emissions in the electric utility sector in the 

states in 1999, and found that whether interstate electricity flows were taken into account could 

significantly affect the measures of carbon emissions in the states. An indicator framework was 

put forward to assess carbon emissions reduction efforts in transportation sector, electrical power 

sector, heat services and the whole economy (Jiusto, 2008). Several indicators for carbon 

emissions were discussed, including total carbon emissions, per capita carbon emissions and 

carbon intensity. Based on this indicator framework, Drummond (2010) examined the influence 

of climate action plans on per capita carbon emissions in residential, commercial, transportation 

and nonindustrial end users from 1990 to 2007. The analysis indicated a modest reduction effect 

of climate action plans on state per capita carbon emissions. However, what was missing in this 

study is the electric utility sector, an area that accounts for much of the total carbon emissions 

and in which substantive decarbonization efforts are being undertaken. Many important carbon 

reduction efforts are targeted at the electric utilities, for example, policy incentives to increase 

the deployment of renewables and policy tools to enhance energy efficiency in generation, 

transmission and distribution of electricity, as well as funding for carbon sequestration and 

storage technology. An empirical examination of these policies on carbon emissions in the 

electric utility sector is needed to assess the effectiveness of the policy efforts. 

 In the literature of energy economics, a series of studies were conducted to examine the 

relationships among carbon intensity, energy intensity and carbon factor. Various versions of 

decomposition method were commonly used to investigate what accounts for the decreasing 

carbon intensity in OECD countries (Greening et al., 1998; Sun & Malaska, 1998), developing 

countries (Ang et al., 1998; Han & Chatterjee, 1997) and transition economies (Viguier, 1999).  

For example, Ang (1999) suggested that carbon intensity was affected by GDP, fuel carbon 

emission factor, fuel mix, sectoral energy intensity and product mix. However, the 

decomposition method could not fully replace econometric/statistical method in evaluating what 

factors were really at work, especially when the purpose was to evaluate the causal effect of 

policy intervention, because policy designs may have unintended or unsatisfactory consequences 

due to the disturbances posed by other socio-economic processes. But the results from previous 
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decomposition studies still inform this study by providing relevant explanatory variables to 

include in the empirical analysis.  

 

3.3 Measuring Carbon Emissions Reduction Efforts in Electric Utilities 

Several key questions need to be answered in evaluating carbon emissions in electrical 

power generation. These key issues involve two aspects: choosing a suitable indicator for 

assessing the carbon reduction efforts in electric utilities, and matching policies and the intended 

effects of these policies.  

The three most useful indicators for evaluating carbon emissions reduction in the electric 

utility sector include total carbon emissions, per capita carbon emissions and carbon intensity. 

Total carbon emissions is a direct measure and it is easily understandable. But using total carbon 

emissions would assume that states with different levels of population and gross state product 

(GSP) are subject to the same energy constraints, which is highly unrealistic. Total carbon 

emissions disadvantages large states such as California, Texas and New York.  

Per capita emissions is a better measure in that it normalizes the carbon emissions 

between small states and large states (Drummond, 2010). Using per capita emissions could better 

capture the underlying emissions induced by energy consumptions and individual behaviors, and 

is thus suited for examining residential, commercial, transportation and nonindustrial emissions. 

But applying per capita emissions in the electric utility sector fails to take into account the large 

demand generated from industrial uses and economic activities, which characterize the emission 

trends in electric utilities.  

Jiusto (2008) argued that carbon intensity, defined as carbon emissions per unit of energy 

consumed, captures the net effect of fuel mix changes, and thus is a useful indicator of overall 

state progress in carbon emissions reduction in the electric utilities. This measure captures 

carbon emissions for all the electricity consumptions in the state, rather than electricity 

production. Two alternative accounting methods are available in extant studies of carbon 

accounting: a production method and a consumption method. The production method estimates 

emissions at points of fuel combustion within a defined geographic area. The consumption 

method estimates emissions from in-state electricity usage. The key difference between these 

two methods is whether interstate electricity trading is included in the carbon accounting in the 

state. The consumption method adjusts in-state carbon emissions with electricity imports and 
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exports. Ignoring electricity imports and exports would underestimate the influence of 

consumption patterns on carbon emissions in the states. 

 

3.4 Decomposing State Electricity Carbon Emissions 

However, extant measures of carbon emissions reduction efforts have not effectively take 

into account the nature of the policy instruments, which can be either supply side, or demand 

side or both. Extant state clean energy policy tools are targeted toward the sources of electricity 

generation (supply side) as well as electricity consumptions (demand side). On the supply side, 

renewable energy policies were applied to change the portfolio of electricity fuel mix, mitigating 

the carbon content of electricity supply. On the demand side, energy efficiency policies were 

introduced to encourage energy conservation and reduce peak hour energy usage. Because 

supply side and demand side policies affect state electricity carbon emissions through affecting 

different components of the carbon emissions, evaluations of the policy effectiveness needs to 

match the policies and their intended consequences.  

Specifically, demand side policies affect energy demand by reducing the demand for 

energy, while supply side policies reduce the carbon intensity of the electricity generation. The 

product of electricity demand and carbon intensity of electricity generation is total electricity 

carbon emissions. In mathematical formula, it follows that: 

 

Carbon Emissions (Metric Tons) = Electricity Generation (GWh)× Carbon 

Intensity(MTC/GWh) 

  

Therefore, the clean energy policy tools’ impact on carbon emissions should be evaluated 

by assessing the impact of demand side energy policies on electricity generation on the one hand, 

and the impact of supply side energy policies on carbon intensity on the other. It would introduce 

errors in policy evaluations, without distinguishing the mechanisms through which policy 

instruments affect carbon emissions. This paper will first estimate the individual impact of the 

state energy policy tools on total carbon emissions, which might produce biased estimates for the 

impact of clean energy policies on carbon emissions. Then electricity generation is used as the 

dependent variable, and demand side policy tools the independent variables. In this way, demand 

side policies and their intended consequences are matched. In the third model, similarly, carbon 
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intensity is used as the dependent variable, and supply side policies the independent variables. 

This process could help evaluate the relative performance of the demand and supply side policy 

tools.  

  

3.5 Carbon Emissions, Net Generation and Carbon Intensity 

 During the two decades from 1990 to 2008, carbon emissions in U.S. electric utility 

sector increased from 489.24 to 625.30 million metric tons, a 28% increase
1
. At the state level, 

only five states have experienced declining carbon emission trends over this period (Table 3.1 

presents detailed information for each state). These states include Connecticut (28%), Vermont 

(75%), Delaware (18%), Massachusetts (21%) and New York (32%). However, most other states 

have seen various levels of increase in carbon emissions, from 6% in Nevada, to 35% in Florida 

and to 453% in Oregon. If a simple evaluation of clean energy policies is made narrowly on total 

carbon emissions, it is obvious that these policies have not been successful in controlling or 

reducing total carbon emissions. 

 An examination of electricity generation reveals another dimension underlying the rising 

carbon emissions in the electric utility sector. During the same period, net electricity generation 

in the U.S. has increased 36% from 3022 to 4101 Terawatthours (TWh), compared with a 28% 

increase in carbon emissions. All but two states (Connecticut and Delaware) have deployed more 

generation capacity in this period, in response to the rising demand for electric energy.  

On the supply side, the carbon intensity of the electricity generation has decreased over 

the last two decades. In fact, it has decreased 7% from 162.76 to 150.92 metric ton carbon per 

giga-watt hours (MTC/GWh) nationally. Unlike the across-the-board increase in carbon 

emissions and electricity generation, carbon intensity shows interesting variations among the 

states. While 15 states have seen increasing carbon intensity over time, 33 states underwent 

decline in carbon intensity (see Table 3.2). For example, carbon intensity in Montana has 

increased from 166.70 to 180.85 MTC/GWh, while it dropped from 176.68 to 143.18 MTC/GWh 

in Florida.  
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Table 3.1 Carbon Emissions and Net Generation Data: 1990 and 2008 

State 
Carbon 1990 

(MMTC) 

Carbon 2008 

(MMTC) 

Percent 

Change 

Net generation 

1990 (TWh) 

Net generation 

2008 (TWh) 

Percent 

Change 

AL 13.71 21.61 0.58 79.65 145.87 0.83 

AZ 8.87 15.58 0.76 62.77 119.46 0.90 

AR 5.89 7.84 0.33 39.10 55.05 0.41 

CA 10.96 13.89 0.27 165.78 207.98 0.25 

CO 8.53 11.05 0.30 32.55 53.44 0.64 

CT 2.98 2.14 -0.28 35.15 30.41 -0.13 

DE 2.04 1.67 -0.18 7.84 7.52 -0.04 

FL 23.23 31.45 0.35 131.50 219.64 0.67 

GA 16.76 22.81 0.36 102.69 136.17 0.33 

ID 0.00 0.18 N/A 9.69 11.97 0.24 

IL 15.44 25.80 0.67 129.39 199.48 0.54 

IN 25.88 32.48 0.25 101.42 129.51 0.28 

IA 7.27 11.02 0.52 30.04 53.09 0.77 

KS 7.39 9.74 0.32 34.18 46.63 0.36 

KY 18.02 25.33 0.41 73.81 97.86 0.33 

LA 9.44 10.85 0.15 76.47 92.45 0.21 

ME 0.56 0.69 0.23 15.95 17.09 0.07 

MD 7.12 7.48 0.05 33.16 47.36 0.43 

MA 6.84 5.40 -0.21 39.81 42.51 0.07 

MI 18.32 19.46 0.06 100.06 114.99 0.15 

MN 8.08 8.90 0.10 43.07 54.76 0.27 

MS 3.60 6.86 0.91 25.20 48.21 0.91 

MO 12.88 20.05 0.56 59.35 91.03 0.53 

MT 4.34 5.35 0.23 26.03 29.64 0.14 

NE 3.67 5.89 0.60 21.63 32.37 0.50 

NV 4.58 4.86 0.06 20.05 35.09 0.75 

NH 1.30 1.78 0.37 12.41 22.88 0.84 

NJ 3.32 5.04 0.52 39.97 63.67 0.59 

NM 7.39 8.23 0.11 28.82 37.01 0.28 

NY 17.12 11.61 -0.32 135.35 140.32 0.04 

NC 12.56 19.72 0.57 84.93 125.24 0.47 

ND 7.62 8.88 0.17 26.99 32.73 0.21 

OH 29.47 33.91 0.15 127.98 153.41 0.20 

OK 9.65 13.82 0.43 47.08 76.33 0.62 

OR 0.49 2.72 4.53 50.37 58.72 0.17 

PA 28.38 32.04 0.13 175.62 222.35 0.27 

RI 0.18 0.79 3.36 1.11 7.39 5.67 

SC 5.98 11.12 0.86 71.36 100.98 0.41 

SD 0.85 1.05 0.25 6.43 7.08 0.10 

TN 12.62 14.26 0.13 76.19 90.66 0.19 

TX 50.59 62.00 0.23 281.56 404.79 0.44 

UT 7.91 10.25 0.30 32.56 46.58 0.43 

VT 0.01 0.00 -0.75 5.16 6.82 0.32 

VA 6.29 9.76 0.55 52.56 72.68 0.38 

WA 2.05 3.45 0.69 102.07 110.83 0.09 

WV 19.11 22.67 0.19 79.54 91.12 0.15 

WI 9.06 11.96 0.32 47.77 63.48 0.33 

WY 10.92 11.87 0.09 39.97 46.50 0.16 
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Table 3.2 Carbon Intensity: 1990 and 2008 

State 
Carbon intensity in 

1990 (MTC/GWh) 

Carbon intensity in 

2008 (MTC/GWh) 
Percent Change 

AL 172.16 148.11 -0.14 

AZ 141.29 130.38 -0.08 

AR 150.66 142.33 -0.06 

CA 66.10 66.77 0.01 

CO 262.02 206.78 -0.21 

CT 84.89 70.22 -0.17 

DE 260.50 222.57 -0.15 

FL 176.68 143.18 -0.19 

GA 163.18 167.47 0.03 

ID 0.00 15.26 N/A 

IL 119.36 129.33 0.08 

IN 255.23 250.83 -0.02 

IA 241.91 207.50 -0.14 

KS 216.28 208.86 -0.03 

KY 244.21 258.81 0.06 

LA 123.48 117.32 -0.05 

ME 35.23 40.36 0.15 

MD 214.65 157.90 -0.26 

MA 171.88 127.11 -0.26 

MI 183.05 169.20 -0.08 

MN 187.49 162.45 -0.13 

MS 142.74 142.40 0.00 

MO 216.93 220.21 0.02 

MT 166.70 180.55 0.08 

NE 169.81 182.05 0.07 

NV 228.24 138.58 -0.39 

NH 104.65 77.97 -0.25 

NJ 82.97 79.20 -0.05 

NM 256.26 222.47 -0.13 

NY 126.46 82.76 -0.35 

NC 147.88 157.49 0.06 

ND 282.19 271.27 -0.04 

OH 230.26 221.06 -0.04 

OK 204.90 181.05 -0.12 

OR 9.75 46.26 3.75 

PA 161.60 144.11 -0.11 

RI 162.56 106.33 -0.35 

SC 83.77 110.14 0.31 

SD 131.54 148.63 0.13 

TN 165.63 157.27 -0.05 

TX 179.67 153.16 -0.15 

UT 242.88 220.15 -0.09 

VT 2.11 0.40 -0.81 

VA 119.59 134.23 0.12 

WA 20.07 31.15 0.55 

WV 240.22 248.74 0.04 

WI 189.66 188.39 -0.01 

WY 273.24 255.25 -0.07 
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Why do electric utilities in different states follow different patterns in carbon emissions, 

electricity generation and carbon intensity? A set of factors are relevant: demand side policies, 

supply side policies, the change in fuel mix, the trend of the state economy, among other factors. 

The discussion in the next sections focuses on the determinants of carbon emissions and the 

mechanisms of emissions reduction in electricity generation. 

 

3.6 State Level Clean Energy Policies  

 Two sets of clean energy policies are considered relevant for carbon emissions reduction 

in the electric utility sector: supply side policies and demand side policies. Supply-side policies 

change the fuel mix from carbon intensive portfolio to carbon “light” portfolio, through 

increasing the percentage of renewables and natural gas. Renewable energy policies (RPS) 

reduce carbon intensity by substituting coal generation capacity with renewables. Energy 

efficiency resource standards (EERS) reduce carbon intensity by substituting coal generation 

units with natural gas plants. Demand side policies reduce overall demand for energy by 

stimulating energy savings and conservation on the consumption side. EERS and PBF are the 

major policy tools on the demand side. 

 

3.6.1 Supply Side Policy: RPS 

The portfolio of fuel types in electricity generation is directly related to carbon intensity. 

Electricity generated from coal combustion is the most carbon intensive among all generation 

technologies (see Table 3.3 for carbon factors of different fuel types). Bituminous coal emits 

93.28 kg CO2 per MMBtu (EIA, 2011). If a state is heavily reliant on coal as the generation fuel, 

it will have very high carbon intensity. In 2008, 48.2% of electricity was generated from coal 

plants in the United States.  

States are increasingly looking for renewable energy as a solution for energy 

diversification. Renewable energy emits zero or little greenhouse gases, depending on the forms 

of renewable energy. Increasing the percentage of renewables can contribute to carbon emissions 

reduction. Renewable energy is attractive to policy makers, because it brings multiple benefits to 

the states and bridges the traditional conflicting parties of business and environmental groups.  
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Table 3.3 Carbon factor of fuels and U.S. electricity generation portfolio in 2008 

 

Fuel Types  
Carbon Factor 

(kg CO2 per MMBtu ) 

Percentage of Electricity 

Generation 

Coal (Bituminous ) 93.28 48.2% 

Natural Gas 52 to 54 21.4% 

Hydro 0 6% 

Nuclear 0 19.5% 

Solar 0 

< 2% Wind 0 

Geothermal ~3 

 

A popular policy tool increasingly adopted in the states is renewable portfolio standards 

(RPS), which is a market-based instrument to set annual goals for renewable energy generation 

capacity for electric utilities over a long period of time. By 2008, 30 states have adopted 

renewable portfolio standards, representing the most political salient clean energy policy efforts 

at the state level. The effect of renewable energy policies on carbon emissions follows a two-step 

causal chain. Theoretically, renewable energy policies affect the electricity fuel mix, which then 

shapes carbon intensity of electricity generation.  

 

3.6.2 Supply and Demand Side Policy: EERS 

Another supply side policy tool is energy efficiency resource standards (EERS).  Similar 

to RPS, EERS encourages more efficient generation, transmission, and use of electricity by 

setting energy savings targets for utilities. Energy efficiency measures can be considered as a 

zero-emission source of electricity that generate cost savings and reduced energy use. 18 states 

have adopted this policy by 2008, and it is getting increasingly popular in the recent years. EERS 

focuses on both supply side and demand side energy efficiency. On the demand side, it 

complements PBF in providing support for energy efficiency programs. On the supply side, it 

increases energy efficiency by replacing inefficient energy technologies with newly developed 

highly efficient technologies.  

Natural gas generates more emissions than hydro and nuclear plants, but less than coal 

plants. Depending on specific types of natural gas, it emits between 52 to 54 kg CO2 per MMBtu, 

much less than 93.28 of bituminous coal. Therefore, natural gas power plants are increasingly 

deployed to supplant outdated carbon intensive coal plants as a decarbonization strategy in many 
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states. The integrated gasification combined cycle (IGCC) natural gas power plants could 

achieve a fuel-to-electricity efficiency as high as 60%, compared with around 30% in 

conventional coal-fired steam plants.   

 

3.6.3 Demand Side Policy: PBF 

Another important demand side policy tool is public benefit funds (PBF)
2
. Most PBFs 

were developed in late 1990s to provide sustained support for renewable energy and energy 

efficiency (DSIRE, 2011). These funds are commonly supported through a surcharge on 

electricity consumption, which is also referred to as a "system benefits charge". PBFs are a major 

source for funding rebate programs, loan programs, research and development, and energy 

education programs, which are expected to affect energy conservation behaviors among 

individuals. By 2008, 15 states adopted PBF as part of their electricity market transformation 

processes. 

 

Supply Side Policy Hypothesis 1: RPS reduces carbon intensity in the electricity sector in the 

states over time (ceteris paribus). 

Supply Side Policy Hypothesis 2: EERS reduces carbon intensity in the electricity sector in the 

states over time (ceteris paribus). 

Demand Side Policy Hypothesis 1: EERS reduces electricity generation in the states over time 

(ceteris paribus). 

Demand Side Policy Hypothesis 2: PBF reduces electricity generation in the states over time 

(ceteris paribus). 

Total Carbon Emissions Reduction Effect Hypothesis: Clean energy policy tools reduce 

electricity carbon emissions in the states over time (ceteris paribus). 

 

3.7 State Economic Activities 

 Carbon emissions are closely tied to economic activities in the states. Economic 

prosperity determines electricity demand and consumption patterns. In states with a prosperous 

economy, demand for electricity is likely to grow. In this situation, carbon emissions will not 

decrease without effective energy efficiency and carbon reduction measures. But in states 

experiencing economic hardships, reducing demand for electricity will lead to reduced 
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consumptions and thus decreased carbon emissions. Two indicators of economic activity are 

typically used: GSP and unemployment rate. GSP measures the overall economic activities and 

thus should be positively related to carbon emissions. Unemployment rate also measures the 

vitality of businesses, with high unemployment rate likely leading to under-utilized factory 

capacity and thus reduced demand for electricity.  

 

3.8 Model and Measures 

 A panel data set for 48 continental states with a time range from 1990 to 2008 is collected 

for econometric analysis. There are two reasons for using 1990 as the base year. First, 1990 is 

used as the base year in many authoritative forums of climate change discussions, such as IPCC 

reports and Kyoto Protocol. Carbon reduction efforts and policy making typically use 1990 as 

the base year. In addition, the EPA data base for carbon emissions also starts from 1990, which 

imposes a hard constraint on the beginning year of the data set.  

Three models are estimated to examine the influence of policy tools, along with other 

variables, on total carbon emissions, electricity generation and carbon intensity. Fixed-effect 

regression models are employed to test the hypotheses. In mathematical formula, the model 

could be formulated as:  

 

Ys,t = αs+ τt + βXs,t + εs,t 

, where “s” is the state and “t” is the year of the observation. Ys,t is the dependent variable, which 

is the total carbon emissions (model 1), electricity generations (model 2) and electric utility 

sector carbon intensity (model 3) in state s for year t. Xs,t are explanatory variables (including 

policy variables, fuel mix variables and economic variables) and control variables. αs is a state-

specific intercept. τt denotes a vector of time dummies that control for time fixed effect. εs,t varies 

independently across time and states.  

 The use of fixed effect model presents several advantages. First, it generates consistent 

estimation even when explanatory variables and the error term are correlated. This means the 

validity of the estimates will be not affected by omitted variables. Second, it assumes that states 

are heterogeneous and that the state-specific intercept determines the baseline for carbon 

intensity in that state. This is consistent with the empirical observation that states are different in 
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their overall level of carbon intensity to start with. For example, the electricity carbon intensity 

in Colorado was 262 MMT/GWh in 1990, compared with 9.75 MMT/GWh in Oregon. 

Three dependent variables are measured separately. Total carbon emissions is measured 

in million metric tons of carbon dioxide (MMTCO2). Electricity generation is measured in 

terawatthhours (TWh) . Carbon intensity, measured in metric tons of carbon dioxide per giga-

watt hours generated (MTC/GWh). This measure is obtained by dividing carbon emissions over 

electricity generation. In the model, the dependent variables are log transformed to normalize the 

distributions of residuals and to simplify the interpretation of the coefficients. The data on carbon 

emissions of electric utilities is collected from U.S. Environmental Protection Agency (EPA), 

and data on electricity generation is collected from U.S. Energy Information Agency (EIA). The 

EPA carbon emissions data set estimates carbon emissions in residential, commercial, industrial, 

transportation and electricity from energy consumption data at the state level.  

The clean energy policies are measured with three dummy variables. PBF is measured 

with a binary indicator of whether the state has PBF in a given year, with 1 indicating a state 

adopts PBF in that year, and 0 indicating a state has not adopted such a policy. Similarly, EERS 

and RPS are also measured with binary indicators of whether the state has EERS or RPS in a 

given year, with 1 indicating a state adopts EERS or RPS in that year, and 0 indicating a state has 

not adopted such a policy. The data on these policy tools were collected from Database of State 

Incentives for Renewables and Efficiency (DSIRE) and EPA.  

In the first model, all three policy instruments are included to test the effects of these 

tools on total carbon emissions (logged). In the second model, the dependent variable is 

electricity generation (logged), therefore, only demand side policy tools (PBF and EERS) are 

included in the analysis. In the third model, the dependent variable is carbon intensity (logged), 

and only supply side policy tools (EERS and RPS) are included in the model.  

 The fuel mix variables for different fuel types are calculated based on generation capacity 

data collected from EIA. These variables are measured as ratios. For example, the coal share 

variable is measured as percent of coal generation in the whole generation capacity in a state, and 

natural gas share the percent of natural gas generation in the electricity portfolio. Similar logic 

applies to shares of hydro power, nuclear power and renewables. 

GSP is measured in millions of current dollars. Because the calculation of GSP changed 

from SIC (Standard Industrial Classification) to NAISC (North American Industry Classification 
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System) in 1997, using GSP data from 1990 to 2008 may present inconsistencies in data 

measurement. However, considering that previous studies have found that it does not affect the 

statistical outcomes (Metcalf, 2008), this paper follows a similar approach and use the GSP data 

provided in Bureau of Economic Analysis (BEA). The data on unemployment rate is collected 

from Bureau of Labor Statistics (BLS). 

 Other factors that could potentially affect electric utility sector carbon intensity are 

included as controls. These factors include state population, heating degree days, cooling degree 

days, per capita income, electricity price and electricity imports and exports, clean energy 

interest groups and state citizen ideology.  

Heating and cooling degree days are highly related to energy demand, and are used in 

many empirical studies to control for energy demand (Metcalf, 2008; Drummond, 2010). For 

example, Florida’s high electricity consumption is largely determined by the demand for cooling 

during the summer. Without controlling for cooling degree days, the estimation will be biased.  

Per capita income is included to control for community characteristics. Electricity price is 

also connected to electricity consumption. Electricity price was found to be related to energy 

efficiency efforts in utility sector (Yi et al., 2011). High electricity price will induce less 

consumption of electricity and may possibly reduce carbon intensity.  

Electricity imports and exports should also be included to account for interstate electricity 

flows to account for carbon leakage. The electricity imports and exports are measured as the 

percentage of net electricity imports in total instate electricity generation, with a positive number 

indicating percentage of electricity imported and a negative number percentage of electricity 

exported.  

The activities of clean energy interest groups are measured by the number of renewable 

energy non-profit organizations in a state for a given year, which is coded from the database of 

National Center for Charitable Statistics (NCCS). State citizen ideology factors are controlled, 

because political factors are very important in climate and clean energy policy issues (Yi & 

Feiock, 2010; Carley, 2009; Delmas & Montes-Sancho, 2011), and the ideological tendencies in 

the state could shape the energy consumption and technology patterns in the long run. State 

citizen ideology measure is obtained from the index developed by Berry et al. (1998). The most 

recent data is collected from Richard Fording’s website. The measures and data sources for these 

variables are presented in Table 3.4.  
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Table 3.4: Summary of Variables and Predicted Relationships  

Variables Measures 
Predicted 

Relationships 
Data Sources 

Carbon emissions (DV) MMTCO2 N/A EPA 

Electricity generation (DV) GWh N/A EIA 

Carbon intensity (DV) MTC/GWh N/A EPA and EIA 

RPS (IV) 
Dummy Variable: 1: with RPS; 0: 

without RPS 
− DSIRE 

PBF (IV) 
Dummy Variable: 1: with PBF; 0: 

without PBF 
− DSIRE 

EERS (IV) 
Dummy Variable: 1: with EERS; 0: 

without EERS 
− DSIRE 

Percentage of electricity 

generated from coal 
Percentage + EIA 

Percentage of electricity 

generated from natural gas 
Percentage − EIA 

Percentage of electricity 

generated from hydropower 
Percentage − EIA 

Percentage of electricity 

generated from nuclear 

power 

Percentage − EIA 

Percentage of electricity 

generated from renewables 
Percentage − EIA 

GSP Trillion current dollars + BEA 

State unemployment rate 
Percent of people unemployed in the 

state. 
− BLS 

Population State population (thousands) Control BEA 

Heating degree days Number of heating degree days Control NCCS 

Cooling degree days Number of cooling degree days Control NCCS 

Per capita income 
Per capita income measured in 

thousand dollars per person. 
Control BEA 

Electricity price 
Industrial electricity price measured in 

cents per KWh. 
Control EIA 

Electricity imports and 

exports 

Percentage of electricity 

exported/imported: a positive number 

means electricity imports and a 

negative number means electricity 

exports. 

Control EIA 

Energy NGOs 
Number of clean energy non-profits in 

the state 
Control NCCS 

State citizen ideology 

Index score. High score indicates 

liberal orientation, and low score 

indicates conservative orientation. 

Control Berry et al., 1998 
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3.9 Results and Discussions 

The descriptive statistics for all the variables are presented in Table 3.5. A series of unit 

root tests are performed to test the stationarity of the dependent variables. If the panel is 

stationary, then a static panel data method should be applied, otherwise a dynamic specification 

should be used. Two kinds of tests are performed, Augmented Dickey-Fuller approach and 

Phillips-Perron approach, with different specifications on lags, a linear trend, or a drift for all 

three dependent variables. All specifications reject the null hypothesis of unit-root. Therefore, 

the dependent variables (total carbon emissions, electricity generation and carbon intensity) are 

panel stationary, and thus fixed-effect or random effect models are applicable.  

Three Hausman tests are conducted to test the specification of fixed-effect versus 

random-effect models. The null hypothesis that the difference of the coefficients estimated by the 

two specifications is not systematic is rejected, indicating the choice of a fixed-effect model 

(χ2
(15 d.f.) = 136.51 for model 1, χ2

(14 d.f.) =101.93 for model 2 and χ2
(14 d.f.) = 101.06 for 

model 3). To control for heteroskedasticity, the standard errors reported are clustered robust 

standard errors. The inclusion of time dummies could control for the influence of federal clean 

energy policies, such as production tax credits and other incentive programs. Time dummies 

could also control for unobserved factors influencing carbon emissions over time, such as the 

evolution of technology and consumption patterns. 

Table 3.6 presents the results of fixed-effect panel regression models. In the first model, 

where total carbon emissions is used as the dependent variable, interesting effects are found 

regarding the relative impacts of different policy tools on total carbon emissions. The coefficient 

of EERS is negative and statistically significant at 0.001 level. The magnitude of the coefficient 

means that total carbon emissions in a given state decreases by 8.4% on average with the 

adoption of EERS over time. The effect of PBF is similar to EERS, because the coefficient of 

PBF is also negative and statistically significant at 0.001 level. To put it into perspective, total 

carbon emissions in a given state decreases by 7.6% on average with the adoption of PBF over 

time. The effect of demand side policies on carbon emissions is confirmed. However, the effect 

of RPS is found to be positive and statistically significant, contrary to the hypothesis that RPS 

reduces carbon emissions over time. This corresponds to concerns raised earlier on the potential 
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problems when no distinctions are made on the policy tools. This confirms the necessity to 

estimate the effects of demand side and supply side policies separately.  

 

Table 3.5 Descriptive Statistics 

Variable Obs. Mean SD Min Max 

Carbon emissions 864 43.642 39.786 0 229.57 

Electricity generation 864 75.524 65.624 1.107 405.492 

Carbon intensity 864 157.197 70.009 0 289.441 

RPS 864 0.201 0.401 0 1 

PBF 864 0.171 0.377 0 1 

EERS 864 0.064 0.244 0 1 

% Coal 864 0.393 0.271 0 0.984 

% Natural gas 864 0.247 0.218 0 0.980 

% Hydropower 864 0.120 0.203 0 0.931 

% Nuclear power 864 0.112 0.119 0 0.518 

% Renewables 864 0.012 0.020 0 0.180 

GSP 864 0.199 0.244 0.012 1.912 

Population 864 5741.069 6148.645     460       36757 

State unemployment rate 864 5.068 1.365 2.2 11.3 

Heating degree days 864 829.215 309.027 80 1750 

Cooling degree days 864 3.983 15.895 0 162 

Per capita income 864 27847.47 7620.019 13208.33 56272 

Electricity price 864 15.641 5.694 6.563 43.770 

Electricity imports and exports 864 1926.638 6232.83 -29.536.97 45435.51 

Energy NGOs 864 4.487 6.066 0 75 

State Citizen Ideology 864 49.808 14.770 8.450 95.972 

 

 

In the second model, the dependent variable is electricity generation. This model is used 

to test the influence of demand side policies on electricity demand, and it answers the question of 

whether demand side policies work effectively to reduce energy demand. The result shows 

statistically significant and negative effect of PBF on electricity demand, consistent with demand 

side policy hypothesis 2. The magnitude of the coefficient means that electricity generation in a 

given state decreases by 4.3% on average with the adoption of PBF over time, controlling for 

other factors. However, the effect of EERS fails to achieve statistical significance. This indicates 

a moderate effect of demand side policies on the reduction of energy demand.  
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In the last model, the dependent variable is carbon intensity, and policy variables are 

supply side tools. This model evaluates the effectiveness of supply side policy tools. The results 

show very interesting results. First, the coefficient of EERS is negative and statistically 

significant, supporting supply side policy hypothesis 2. The magnitude of the coefficient means 

that carbon intensity in a given state decreases by 10.2% on average with the adoption of EERS 

over time, controlling for other factors. The coefficient of RPS is also negative and statistically 

significant, supporting supply side policy hypothesis 1. To put it into perspective, carbon 

intensity in a given state decreases by 5.8% on average with the adoption of RPS over time. The 

result for RPS is quite interesting, in that RPS was wrongly estimated to be positively significant 

in model 1, when estimating its impact on total carbon emissions. This means that after matching 

RPS with its intended supply side effect on carbon intensity, a sizeable impact contributing to 

reduced carbon emissions has been detected. This is clear evidence supporting its effectiveness 

in decarbonizing electric utilities.  

To compare the results in model 2 and model 3, EERS is found to be an important supply 

side policy tool, but not as effective a demand side tool. This has implications for the policy 

designs of EERS. Most EERS do not distinguish between supply side and demand side energy 

savings when setting the energy saving targets. This means that states could meet EERS either by 

making improvement in electricity generation efficiency, or through reducing overall demand on 

the consumption side. While meeting the target through supply side improvement is effective, as 

shown in the analysis, the insignificance of EERS on the demand side probably indicates that the 

policy design has not given sufficient emphasis on demand side management.  

To evaluate the relative performance of demand side and supply side policy tools. It 

should be noticed that supply side policies are generally more effective in contributing to the 

reduction of carbon emissions. The adoption of EERS and RPS could substantially reduce the 

carbon intensity of electricity generation, while the use of PBF contributes to less percentage of 

electricity demand reduction. Because the total emissions is the product of electricity generation 

and carbon intensity, the overall trend of increased electricity carbon emissions in the U.S. could 

be attributed to the lack of policy effectiveness in reducing electricity demand, while the supply 

side policies are making noticeable progress in controlling carbon intensity. The policy 

implication is that more aggressive policy efforts on the demand side are needed to effectively 

mitigate carbon emissions in the electricity sector. 
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Table 3.6 Determinants of State Electric Utility Sector  

Total Emissions, Generations and Carbon Intensity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.10 Conclusions 
 

State governments in the United States have enacted various clean energy policy tools to 

decarbonize the electric utilities. To measure the carbon reduction efforts in the electric utilities, 

total carbon emissions, electricity generation and carbon intensity are used as the dependent 

variables in this study. This paper evaluates the effectiveness of clean energy policies, including 

renewable portfolio standards (RPS), energy efficiency resource standards (EERS) and public 

benefit funds (PBF), in reducing carbon emissions of electric utilities. With a panel data set for 

 
Model 1 

DV: Total Carbon Emissions 

Model 2 

DV: Electricity Generation 

Model 3 

DV: Carbon Intensity 

Variables Estimates Estimates Estimates 

EERS -0.084 (0.022)*** 0.009 (0.018) -0.102 (0.039)*** 

RPS 0.038 (0.017)** - -0.058 (0.028)** 

PBF -0.076 (0.019)*** -0.043 (0.015)*** - 

% Coal 0.577 (0.183)*** 0.089 (0.152) 0.762 (0.314)** 

% Natural gas 0.603 (0.131)*** 0.803 (0.109)*** -0.235 (0.223) 

% Hydropower -0.296 (0.258) 0.691 (0.215)*** -5.854 (0.436)*** 

% Nuclear power -1.864 (0.208)*** 0.185 (0.173) -1.907 (0.358)*** 

% Renewables 1.899 (0.403)*** 0.811 (0.334)** 1.028 (0.694) 

GSP -0.036 (0.123) -0.229 (0.103)** 0.317 (0.209) 

State unemployment 

rate 
0.0001 (0.006) 0.002 (0.005)  -0.024 (0.010)** 

Population 0.00002 (0.00002) 0.00005 (0.00001)*** -0.00005 (0.00003)* 

Heating degree days -0.0000002(0.0001) 0.00001 (0.00004) 0.0001 (0.0001) 

Cooling degree days -0.0005 (0.001) -0.0005 (0.0006) 0.0004 (0.001) 

Per capita income -0.019 (0.0003)*** 0.006 (0.030)  -0.026 (0.001)*** 

Electricity price -0.005 (0.002)** -0.003 (0.002)* 0.001 (0.004) 

Electricity imports and 

exports 
-0.298 (0.092)*** -0.423 (0.077) 0.442 (0.158)*** 

Energy NGOs 0.006 (0.002)** 0.001 (0.002) -0.008 (0.004)** 

State citizen ideology 0.0004 (0.001) -0.001 (0.001) -0.001 (0.001) 

Constant 3.360 (0.186)*** 17.201 (0.153)*** 6.337 (0.320)*** 

Observation 864 864 864 

State Fixed Effect Yes Yes Yes 

Year Fixed Effect Yes Yes Yes 

R-squared (within) 0.576 0.597 0.368 
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48 continental states from 1990 to 2008, fixed-effect panel regressions are applied to test the 

hypotheses. The results indicate that supply side energy policies, RPS and EERS, have been 

effective in reducing the carbon intensity of the electric utility in the states. In addition, the 

results also show modest reduction effect of PBF on electricity generation. More aggressive 

policies on the demand side are needed to effectively control carbon emissions in the U.S. 

electricity sector. 

Previous studies have documented the effect of RPS and EERS in stimulating the growth 

of clean energy industries, and this study adds to the literature in providing empirical evidence of 

the carbon reduction effects of these policy tools. Clean energy policies at the state level are 

motivated by multiple purposes to secure diversified energy supply, to stimulate green economic 

development and to mitigate carbon emissions. To some extent, these clean energy policies could 

achieve all of the purposes, with empirical evidence provided in this study and previous studies.  

However, several limitations of this study needs to be acknowledged. First, even supply 

side policies are effective in reducing carbon intensity in the electricity sector, it does not mean 

that these policies could effectively reduce overall carbon emissions, which are more important 

for the overall mitigation of global climate change. More aggressive policies are needed to 

promote renewable energy generation and enhance energy efficiency among the states, if 

effective climate mitigation is to be achieved. Current levels of renewable energy portfolio in the 

U.S. are still too small to dramatically influence the overall trend of carbon emissions in the 

states.  

Many states in the U.S. have already started more aggressive carbon reduction efforts in 

the electric utility sector, for example, the RGGI initiative and Western Climate Initiative (WCI). 

Under these regional initiatives, cap-and-trade programs were put forward to make substantive 

efforts in reducing GHG emissions in electricity generation. Cap-and-trade programs under 

RGGI took effect after Jan, 2009, which is beyond the time range of this study. Future studies are 

needed to evaluate how these cap-and-trade programs have fundamentally transformed the 

carbon intensity in electricity generation. 

Another limitation of this study is that it only considers policies in the electricity sector. 

Even though carbon emissions in the electricity sector is the largest among all economic sectors 

in the U.S., other sectors of the economy are also important for policy interventions, if global 

warming is to be controlled within the 2 degrees centigrade Celsius limit. Clean energy policies 
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in electricity sector need complementary policies targeting on changing residential energy 

consumption behaviors, limiting the growth of urban boundaries, and encouraging the 

development of public transportations. 

 

Endnotes 

 
1
 The calculations of total carbon emissions, electricity generations and electricity carbon intensity for the U.S. are 

based on 48 continental states, excluding Alaska, Hawaii and Washington D.C. 

2 
States also adopted policies to encourage energy efficiency on the consumption points. These policies include tax 

incentives, appliance/equipment efficiency standards and energy standards for public buildings. These policies are 

not included in the analysis, because state level analysis may not an appropriate level of analysis for these policy 

tools, and the effects of these tools on carbon intensity is likely to be minimal. In addition, the incentive programs 

are partly funded by public benefit funds (PBF), which are included in this analysis. 
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CHAPTER FOUR 

CLEAN ENERGY POLICIES AND GREEN JOBS: AN 

EVALUATION OF GREEN JOBS CREATION IN U.S. 

METROPOLITAN AREAS 

 

4.1 Introduction 

The transition towards more sustainable and low carbon communities requires the 

development and deployment of a range of new and existing energy technologies. The U.S. state 

and local governments are in the forefront of energy efficiency and renewable energy policy to 

address global climate change. State governments in the U.S. have adopted renewable portfolio 

standards, energy efficiency resource standards and various tax incentives to stimulate the 

growth of clean energy industry (Rabe, 2004, 2008; Carley, 2011). At the local level, counties 

and cities are actively engaged in greenhouse gas emission reduction efforts through joining in 

ICLEI’s Cities for Climate Protection (CCP) movement and U.S. Conference of Mayors Climate 

Protection Agreement (CPA), among various other local initiatives (Francis and Feiock, 2010). 

In addition to environmental motivations for these policies, the most important rationale for 

adopting these policies is to stimulate economic development through creating green jobs. In 

many cases, the rationales for supporting the clean energy industry are based on economic 

development instead of climate protection (Rabe, 2004).  

Despite the fact that green economic development and job creation are at the center of 

political rhetoric and academic discussion, much less attention has been directed to evaluation of 

the extent to which existing clean energy policies have successfully created green jobs. Most of 

the existing literature on green jobs has focused on ex-ante forecasting of green jobs creation 

potential of different energy technologies (For example, Kammen et al., 2004; Wei et al., 2010). 

Much less work has been done to conduct ex-post evaluation of the job effects of clean energy 

development, especially in the context of the United States. Also, the literature on state and local 

climate and clean energy policies in the U.S. has been focused on energy diversification and 

decarbonization, instead of employment effects (Carley, 2011; Yin and Powers, 2010). This 
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stream of research has been totally disconnected from the green jobs literature, leaving a 

significant gap in the literature. The lack of empirical evidence of the effectiveness of the state 

and local clean energy policies in creating green jobs has not only thwarted meaningful 

communication in the political debates, but also affected the progress of academic understanding 

in this important policy area.   

This paper fills this lacuna by empirically examining the short-term effectiveness of clean 

energy policies of at the state and local levels in stimulating green jobs creation in the U.S. 

metropolitan areas. This study contributes to extant literature of state and local energy policies as 

well as green jobs studies.  

In the next section, extant literature on green economic development is examined. We 

then discuss the array of state and local policies adopted to stimulate green economic 

development and present the key hypotheses. OLS regression is then conducted to empirically 

examine the influence of clean energy policies on green jobs creation in 361 U.S. metropolitan 

areas. This paper concludes with implications and suggestions for future research. 

 

4.2 Green Economic Development and Green Jobs 

 The traditional framework of economic development portrays a tradeoff between 

economic opportunities and environmental sustainability (Portney, 2003). Within this 

framework, economic development is achieved at the expense of environment, and 

environmental preservation is realized by sacrificing the economic opportunities. Green 

economic development is an emerging economic development framework that integrates the 

traditionally contentious relationship between economic development and environmental 

protection. An increasing number of local governments are pursuing sustainability policies to 

gain economic competitiveness and savings, and there is not necessarily a tradeoff between 

economic development and environmental protection (Portney, 2009; Fitzgerald, 2010). Most of 

these green economic development activities rely on research, development and deployment of 

renewable energy and energy efficiency technologies. 

Green economic development and job creation is of great importance to all levels of 

governments in the United States. At the federal level, one of the major economic initiatives 

made by the Obama Administration is the implementation of ARRA (The American Recovery 

and Reinvestment Act of 2009) stimulus package, designed to help United States regain 
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economic momentum by creating a competitive clean energy industry. At the state level, many 

states adopted clean energy policies with a goal to create green jobs (Rabe, 2004, 2008). At the 

local level, as reported in a survey conducted by International City/County Management 

Association (ICMA, 2010), 71.1% of the local governments consider green jobs as a priority in 

their jurisdictions, out of 2176 cities that responded to the survey. 

 What exactly is green economic development? Chapple et al. (2011) defined green 

economy as “economic activity that reduces energy consumption and/or improves environmental 

quality” (p.5). Carley et al. approached green economic development from the perspective of 

“energy-based economic development”, by defining it as a process by which various policy 

actors in a given region work to promote clean energy, “in ways that contribute to job creation, 

job retention and regional wealth creation” (Carley et al., 2011, p.287). Fitzgerald (2010) 

described three strategies for green economic development: linking strategies, transformational 

strategies and leapfrogging strategies. Therefore, green economic development has three basic 

characteristics. First, it is economic development driven by specific sectors of economy, namely 

clean energy industries. Second, it encompasses the goal to create jobs. Third, it is driven by 

strategic actions of relevant policy actors, and thus government policies play a significant role. 

As evidenced in current literature, much potential exists for promoting green jobs in a 

green economy. Many studies forecasted potential jobs for different technologies under different 

scenarios. Singh and Fehrs (2001) estimated that solar PV with a scale of commercial retail 

operation 2-kw system will create 35.5 person-years per MW, a 37.5 MW wind project will 

create 4.8 person-years per MW, and biomass co-firing project between 100-750 MW will create 

3.8 to 21.8 person-years per MW. Kammen et al. (2004) reported that a 20% Renewable 

Portfolio Standard (RPS) by 2020 (85% biomass, 14% wind energy, 1% solar PV) would create 

a total employment of 163,669. Wei et al. (2010) forecasted that aggressive energy efficiency 

policies combined with a 30% renewable portfolio standards target in 2030 could create over 4 

million jobs by 2030. Roland-Holst (2008) estimated that 400,000 new green jobs will be created 

under the full compliance with the greenhouse gas emission regulations in California. However, 

no empirical studies examine the job creation of clean energy policies across different 

subnational jurisdictions. An ex-post evaluation is needed to determine if these policies worked 

to create jobs. 
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 Another dimension of green economic development is that clean energy policies have 

short-term, mid-term and long-term employment effects (Fankhauser et al., 2008). Scholars have 

different predictions regarding the employment effects of clean energy development. Optimists 

argue that in the short term, clean energy policies could create jobs, due to the fact that low-

carbon technologies are more labor-intensive than conventional options. In the medium term, 

early movers in clean energy may further provide jobs by engaging in exports of products and 

services. In the long term, technical change and innovation could bring about structural change to 

the economy (Fankhauser et al., 2008). Pessimists argue that investment and employment in 

clean energy industry might impose a crowd-out effect on other sectors of economy, and long-

term employment effects of clean energy development is negative (Frondel et al., 2010).  

 The classification of short-term, mid-term and long-term employment effects also loosely 

coincides with the job definitions proposed by Wei et al. (2010). The definitions include direct 

employment, indirect employment and induced employment. Direct employment refers to jobs 

created in the “design, manufacturing, delivery, construction/installation, project management 

and operation and maintenance of the difference components of the technology, or power plant, 

under consideration” (Wei et al., 2010, p.920). Indirect employment refers to jobs created in the 

upstream and downstream industries. Induced employment takes into account the economy-wide 

employment enhancement due to expenditures and economic activities of direct and indirect 

employees. Direct employment tends to happen in the short term, indirect employment can be 

created in the mid term, and induced employment takes a much longer time. 

While the major difference among different studies lies in their prediction of the long-

term economy-wide employment effects (induced effects) of clean energy industry, they seem to 

agree that incentives for and investment in clean energy industries could at least create direct 

employment in the short term in the clean energy industries. Even though the literature agrees on 

the short-term direct employment effect of clean energy policies, empirical investigation is 

warranted to examine the validity of the forecasts. 

In addition, unlike clean energy development in Germany, where federal government 

plays a key role in incentivizing renewables and efficiency through federal legislations (Frondel 

et al., 2010) , sub-national entities, such as state and local governments, are the real proponents 

in clean energy development and climate protections in the United States (Rabe, 2004; Betsill, 

2001). Even though the Obama Administration put forward the stimulus package for clean 
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energy development in 2009, the same efforts have already been undertaken in many states and 

cities. State and local governments have been the laboratory of policy innovations in the clean 

energy policy area since late 1990s, some more successful than others. Considering the regional 

variation in clean energy development in the U.S., it is theoretically important to understand the 

role of sub-national government incentives and policies in determining the patterns of new green 

jobs distribution across regions. This paper focuses on the short term direct employment effects, 

by examining the green jobs creation of state and local clean energy and climate policies in the 

U.S. metropolitan areas in 2006.  

 

4.3 State Policy Incentives for Clean Energy Development 

State governments in the U.S. have adopted various policy tools to stimulate the clean 

energy industry and thus green economic growth. These policy tools are typically market-based 

tools that rely on incentive designs to provide support for renewable energy and energy 

efficiency. These tools include renewable portfolio standards (RPS), energy efficiency resource 

standards (EERS), public benefit funds (PBF), various tax incentives, appliance/equipment 

standards, emission caps, net metering, vehicle emission standards etc. (see Table 4.1 for a full 

list of policy tools). We will only focus our discussion on several of the most important policy 

tools for clean energy.  

RPS requires the retail electricity suppliers to procure a certain minimum amount of 

qualified renewable energy. Through setting the proportion of electricity to be generated from 

renewable sources with a predesigned timetable, the share of renewable energy among the whole 

electricity production can be incrementally increased. Similar to RPS, energy efficiency resource 

standards (EERS) encourages more efficient generation, transmission, and use of electricity by 

setting energy savings targets for utilities.  

Most public benefit funds (PBFs) were developed in late 1990s to provide sustained 

support for renewable energy and energy efficiency (DSIRE, 2011). These funds are commonly 

supported through a surcharge on electricity consumption, which is also referred to as a "system 

benefits charge" (SBC). PBFs are a major source for funding rebate programs, loan programs, 

research and development, and energy education programs. Another important aspect of the state 

clean energy policies is the rise of financial incentives, most notably tax incentives, including 
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property tax, sales tax, corporate income tax and personal income tax incentives. In theory, tax 

incentives help adjust market imperfections by stimulating the development of renewables. 

 

Table 4.1 State Clean Energy and Climate Policy Tools (By Dec 2005)  

Categories Policy Tools Number of States 

Adopted 

Renewable Energy RPS 20 

 PBF (for renewables) 16 

 Net Metering 30 

 Inter-Connection Standards 22 

 Green Power Purchasing 5 

 Mandatory Green Power Option 3 

 Property Tax Incentive 27 

 Corporate Tax Incentive 13 

 Income Tax Incentive 18 

 Sales Tax Incentive 15 

 Industry Support 6 

Energy Efficiency EERS 7 

 PBF (for efficiency) 14 

 Appliance/Equipment Standards 7 

 Energy Standards for Public Buildings 17 

 Property Tax Incentive 2 

 Corporate Tax Incentive 5 

 Income Tax Incentive 8 

 Sales Tax Incentive 1 

Emission Policies Vehicle Greenhouse Gas Emission 

Standards 

8 

 Greenhouse Gas Emissions Targets 7 
Source: Database of State Incentives for Renewable Energy (DSIRE), and Environmental Protection Agency. 

 

Rabe (2004, 2008) argued that many states adopt climate and clean energy policies to 

gain an early-mover advantage in the interstate economic competitions. For example, 

California’s adoption of vehicle emission regulation was interpreted as economic rent-seeking 

(Rabe, 2008). Even though the adoption of RPS may not be a policy response to unemployment 

(Yi et al., 2012), RPS is economically beneficial to the adopting state and consistent with the 

goals of economic development (Rabe, 2006). For example, the RPS legislation in Texas does 

not emphasize its impact on climate, but instead job creation and energy supply diversity. 
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Urpelainen (2009) also found that economic benefits, together with environmental and political 

benefits, are the primary motivators for state climate actions.  

Other studies have documented the effects of policy incentives on renewable energy 

capacities in the states (Yin and Powers, 2010; Carley, 2009; Kneifel, 2008). These studies focus 

on the renewable capacities in the utility sector. Using a fixed effect model with state-level data 

from 1998 to 2006, Carley (2009) reported that RPS implementation was not a significant 

predictor of renewable energy generation. Political institutions, natural resource endowments and 

deregulation, among other factors, were found to be important predictors for renewable energy 

generations. However, other studies show different results with regard to the effects of RPS 

policy on renewable energy development. Kneifel (2008) found that RPS with either capacity or 

sales requirement increases renewable energy generation capacity in that state. Yin and Powers 

(2010) also found that RPS policies had significant impacts on in-state renewable energy 

development, if RPS is measured with additional design features. The logical link between 

renewable energy development and economic development is based on the jobs created by the 

renewable energy industry. We can expect that the growth of renewable energy capacity is 

accompanied with green jobs employed for site construction, installation, operation and 

maintenance. In addition to studies related to renewable energy policies, literature also 

documents the potential employment effects of state energy efficiency policies (Laitner and 

McKinney, 2010; Sherman et al., 2004; Prindle et al., 2003).   

Hypothesis 1: Policy incentives adopted at the state level for renewable energy and energy 

efficiency will positively stimulate green jobs creation in the metropolitan areas.  

 

4.4 Local Policy Tools for the Green Economy 

 At the local level, counties and cities are also actively involved in climate mitigation 

policies that are motivated not only by environmental concerns, but also by economic 

motivations. One of the most important local climate mitigation policies is their participation in 

ICLEI’s Cities for Climate Protection (CCP) Campaign. Established in 1990, ICLEI is an 

international association of local governments and other levels of governments who share the 

commitment to sustainable development. By 2010, ICLEI has attracted a membership of 1048 

local governments and entities in 69 countries. In the U.S., 582 local governments, including 

counties and cities, have obtained ICLEI membership by 2009. Being a member of ICLEI, a 
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local government could achieve its sustainability goals more efficiently and effectively through 

the assistance of and collaboration with ICLEI. Being a member of ICLEI means a better 

government capacity in dealing with local sustainability issues, especially the issues of climate 

change.  

ICLEI initiated the Cities for Climate Protection (CCP) Campaign in 1993, which aims to 

facilitate GHG emission reduction of local governments through a five-milestone process. The 

five-milestone process is a tough test of local governments’ commitment to climate protection. 

The whole process consists of conducting a baseline emissions inventory and forecast, adopting 

an emissions reduction target for the forecast year, developing a Local Action Plan, 

implementing policies and measures, and monitoring results.  

In addition to the major benefits of climate mitigation, current literature has documented 

much empirical evidence arguing that local governments’ participation in ICLEI membership is 

also motivated by economic concerns. ICLEI officials claimed that participation in the CCP 

campaign provides increased job growth in energy goods and services as co-benefits (Zahran et 

al., 2008; Kousky and Schneider, 2003; Lindseth, 2004). Benzschawel (2002) documented in 

Madison (Wisconsin)’s climate action plan that certain climate policies can lead to job creation. 

Betsill (2001) studied the adoption of CCP (Cities for Climate Protection) programs in the local 

government in the US. She emphasized that the local government’s decision to adopt local 

climate policies are driven by localized economic benefits.  

Hypothesis 2: Metropolitan areas with ICLEI membership will create more green jobs. 

 

4.5 Other Factors that Contribute to Green Jobs Creation 

 While this paper examines the effects of clean energy and climate policies on green jobs, 

a set of alternative explanations need to be taken into account. Two groups of factors are 

identified to influence local green economic development: economic factors and labor supply 

factors. 

4.5.1 Economic Factors 

 Economic factors could potentially influence the growth of clean energy industry and 

related services in the metropolitan area. The first factor is the overall level of local economic 

activities as measured by per capita GDP in the metropolitan area. The green jobs for 

installation, maintenance, consulting services and educational services all depend upon a 

http://www.iclei.org/index.php?id=810
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sufficient level of local demand. The clean energy R & D and manufacturing industries that have 

a national or global market also need to locate in an economically vibrant metropolitan area to 

have access to other economic resources, such as financial, legal and consulting services, to 

achieve localization economies (Ihlanfeldt, 1995). The higher the GDP level, the larger the 

market size in the metropolitan area, creating a sufficiently large market to achieve economies of 

scale for clean energy and related service industries to develop and grow. A preliminary 

hypothesis could be proposed that the higher the per capita GDP in a metropolitan area, the more 

green jobs will be created in the area. 

 The second factor related to the growth of green jobs is the unemployment rate in the 

area. The unemployment rate measures the local economic health, which could significantly 

affect the economic environment in which clean energy industries operate. Two potential 

mechanisms could come into play. On the one hand, when the unemployment rate is high, it 

could signal a stressed local economy within which clean energy industry is nested. High 

unemployment rate would lead to reduced citizen disposable income and thus the demand for 

clean energy products and services, leading to a decline of green jobs employed for installation 

and maintenance, as well as manufacturing. High unemployment rate also means that the 

capacity of factories are under-utilized and less electricity is needed, leading to an overall decline 

in electricity demand and reducing the need for energy efficiency. This could mean loss of jobs 

in the utility sector for professionals who specialize in energy efficiency and smart grid. On the 

other hand, when unemployment rate is high, local governments are more likely also under much 

pressure to look for alternative solutions for the employment problem. At this time a policy 

window is needed for clean energy policy entrepreneurs to demonstrate the necessity to develop 

clean energy. If problems, solutions and policy entrepreneurs couple at this time (Kingdon, 

1995), a policy window could open for clean energy industries to grow.  

 The third economic factor is the local carbon intensive industries. The carbon intensive 

industries include manufacturing, chemicals, metals and electric utilities etc. Carbon intensive 

industries in the local economy could lead to institutional lock-in for the local economy. 

Metropolitan area relying on carbon intensive industries may be trapped in an economic 

development model that is difficult to change. In this scenario, clean energy industries would 

find it difficult to develop. The more influential the carbon-based industries, the fewer the green 

jobs will be created in the area. 
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 The last economic factor to consider is the population trend in the metropolitan area. If a 

metropolitan area is undergoing a fast population growth, various kinds of jobs are being created, 

including green jobs. If a metropolitan area is experiencing a declining population, green jobs 

can hardly experience any growth. In addition, growing population could also lead to increased 

demand for electricity, which magnifies the pressure for energy efficiency (Yi et al., 2011), 

resulting in government and utility investment in energy efficiency and thus creating green jobs. 

The trend of population change in a metropolitan area is positively associated with the green jobs 

creation.  

4.5.2 Labor Supply 

 Another set of factors relevant for green jobs creation is the local supply of labor forces. 

Various characteristics of labor forces are relevant for clean energy industries. First factor to 

consider is the ideological orientations of the citizens. It could be possible that ideological 

orientations could influence people’s choice of professions, even though there is no empirical 

evidence to support this argument. Although from a market demand point of view, literature has 

documented that a liberal citizen composition is friendlier to renewable energy deployment and 

energy efficiency investment (Yi and Feiock, 2010; Yi et al., 2011).  

 The second labor characteristic is the average education levels of the labor. Clean energy 

industries need different levels of specialized and well trained professionals to complete various 

tasks involved in energy auditing, solar panel installation, thin film production, clean energy 

consulting and education etc. A well-educated labor force is necessary for clean energy 

companies to succeed and grow in the market competition. Higher average education level in a 

metropolitan area will attract more clean energy companies to locate, and more green jobs will 

be created in the area. 

 

4.6 Data 

 To empirically test the hypotheses, we collected a data set for relevant variables in the 

population of 361 metropolitan areas in the U.S. The dependent variable was coded from a report 

conducted by United States Conference of Mayors and Global Insight in year 2008, titled U.S. 

Metro Economies: Current and Potential Green Jobs in the U.S. Economy. This report provides 

data on the number of green jobs created in all the metropolitan areas in the U.S. The industry 

classifications used in this report are summarized in the Appendix. This report finds that the top 
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10 metropolitan areas in green jobs creation are New York, Washington D.C., Houston, Los 

Angeles, Boston, Chicago, Philadelphia, San Francisco, San Diego and Pittsburgh (see Table 4.2 

for detailed information on the number of green jobs in these metropolitan areas). For example, 

New York has created highest number of green jobs (25,021) by 2006.  

 

Table 4.2 Top Ten Metropolitan Areas in Green Job Creation 

MSA Green Jobs 2006 

New York 25,021 

Washington D.C. 24,087 

Houston 21,250 

Los Angeles 20,136 

Boston 19,799 

Chicago 16,120 

Philadelphia 14,379 

San Francisco 13,848 

San Diego 11,663 

Pittsburgh 9,627 

 

  Two explanatory variables used for this analysis are state clean energy policy index and 

local policy measure. A state clean energy policy index is developed to identify policy tools 

relevant for green jobs creation in policy areas of renewable energy, energy efficiency and 

emission reduction by December, 2005. A total of twenty-one policy tools were included into the 

state clean energy policy index. Table 4.1 presents detailed information regarding the policy 

tools. These tools have varied adoption rates among the states, some tools were widely used (for 

example RPS and net metering), while some tools were only used by a couple of states (for 

example EERS). The resulting index provides a range from 0 to 17, with New York having 

adopted highest number of policy tools (17) and Alabama and Mississippi adopted zero such 

policy tools. The average number of policy incentives adopted is 5.02. The data on the policy 

tools were coded from DSIRE and EPA.  

The use of an index by taking the sum of all incentives is based on several assumptions. 

The first assumption is that different sectors of clean energy have the same potential in creating 

jobs. This assumption may be refuted based on current forecasts of different job creation 

potential for specific renewable energy technologies and efficiency pathways (Wei et al., 2010). 

Second, it is further assumed that policy tools are equally effective in promoting clean energy 
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development and creating jobs. Therefore, it is the assumption that metropolitan area A with 1 

policy tool is more committed to clean energy than metropolitan B with 0 policy tool, and 

metropolitan area C with 2 policy tools are more committed than A. This may pose a problem in 

that some renewable energy policies are more effective than others, for example, RPS; and some 

energy efficiency policies are more effective than others, for example, PBF.  

Given these limitations imposed by the assumption of an additive index, we compared the 

index with dummy variables of RPS and PBF. It turns out that the correlations among these 

variables are very high. This indicates that using dummy variables together with an index would 

have a severe problem of collinearity. Because a state that adopted RPS and PBF will also have a 

high score in the index, this indicates that this index has sufficiently captured government 

commitment to clean energy. 

 The other explanatory variable examined is the local climate policy. A dummy variable is 

used to code MSAs with at least one ICLEI member city as 1, and MSAs without ICLEI member 

city as 0. The data was coded from data obtained from ICLEI on the membership. Specific dates 

for cities’ participation were identified and only those MSAs with at least one ICLEI member 

city by year 2005 were coded as 1.  

A set of control variables are also included in the analysis. These variables include per 

capita GDP, unemployment rate, per capita GHG emissions, population change, citizen ideology, 

average education attainment, per capita federal government expenditures, population density, 

per capita income, percent white population and percent black population. The measures and 

data sources for these variables are presented in Table 4.3. 

There are no or few missing data for variables measured at the metropolitan level. 

However, since many metropolitan areas include cities and counties from multiple states, it 

would pose a problem to measure variables at the state level, for example, state policies, citizen 

ideology and per capita GHG emissions. A weighting scheme could be used to calculate the 

values for these variables in metropolitan areas based on population or GDP, but it would also 

introduce errors. Therefore, we decide to only examine MSAs located in a single state. This 

renders a final observation of 312 for the regression analysis. Descriptive statistics of the 

variables are presented in Table 4.4.  
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 Table 4.3 Variables, Measures, Predicted Relationships and Data Sources 

 

Variables Measures 
Predicted 

Relationships 
Data Sources 

Green Jobs 
Number of Green Jobs in 2006 

(logged) 
N/A USCM (2008) 

State clean energy policies 
An index of clean energy and climate 

policies at the state level by 2005. 
+ DSIRE (2011) 

ICLEI 

A dummy variable: 1, MSA has at 

least one city who is an ICLEI 

member; 0, MSA has no city who is 

an ICLEI member. 

+ ICLEI (2009) 

Per capita GDP 
Per capita GDP in 2005 measured by 

thousand dollars per person 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Unemployment rate 
Percent of people unemployed in an 

MSA in 2005. 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Per capita GHG emissions 

Per capita state GHG emissions in the 

electricity sector in 2005, measured in 

million metric tons CO2 per person 

control EIA (2011) 

Population change 
Percent Population change from 2001 

to 2005 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Citizen ideology An index score control 
Berry et al., 1998 

Richard Fording’s website 

Average educational 

attainment 

Percent of people with high school 

diploma 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Per capita federal 

government expenditure  

Per capita federal government 

expenditure measured by thousand 

dollars per person 

control 

State and Metropolitan 

Area Data Book  

(2006) 

Per capita income 
Per capita income measured by 

thousand dollars per person 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Population density  
Population density measured by 

number of people per square mile 
control 

State and Metropolitan 

Area Data Book  

(2006) 

Percent white  Percent white population control 

State and Metropolitan 

Area Data Book  

(2006) 

Percent black  Percent black population control 

State and Metropolitan 

Area Data Book  

(2006) 
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Table 4.4 Descriptive Statistics 

Variable Obs. Mean SD Min Max 

Green Jobs (logged) 361 6.152 1.434 2.639 10.127 

State clean energy policies 314 4.962 3.486 0 17 

ICLEI 361 0.078 0.268 0 1 

Per capita GDP 361 32.673 8.902 14.512 75.148 

Unemployment rate 360 5.164 1.551 2.621 16.013 

Per capita GHG emissions 314 0.010 0.009 0.00002 0.091 

Population change 361 0.041 0.044 -0.037 0.260 

Citizen ideology 314 52.222 9.663 29.057 89.849 

Average educational attainment 359 84.620 5.831 59.1 96 

Per capita federal government expenditure  361 7.301 2.888 2.654 21.570 

Per capita income 361 31.241 5.997 16.738 68.840 

Population density  361 278.913 321.150 6.700 2788.822 

Percent white  361 84.018 11.349 24.973 97.896 

Percent black  361 10.773 10.845 0.315 49.468 

 

 

4.7 Methodology 

 OLS multiple regression is used to model the impacts of state and local clean energy 

policies on green jobs. A log-level model is applied by log-transforming the dependent variable. 

This transformation helps meet the assumptions of the regression and makes it easier to interpret 

the results. The model is specified as follows: 

 

Log (GREENJOBS) = β0 + β1 SCEPOL + β2 ICLEI + β3 PCGDP + β4 UMPLOY  

+ β5 PCGHG + β6 POPCH + β7 CITIIDEO + β8 EDU  

+ β9 FED + β10 INC + β11 POPDEN + β12 WHITE  

+ β13 BLACK + e, 

, where    
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 GREENJOBS is the number of green jobs in the metropolitan area. 

 SCEPOL is the index of clean energy policies at the state level. 

 ICLEI is a dummy variable of ICLEI membership presence in the MSA. 

 PCGDP is the per capita GDP. 

 UMEMPLOY is the unemployment rate in the metropolitan area. 

 PCGHG is the per capita GHG emission in the state. 

 POPCH is the percent population change from 2001 to 2005. 

 CITIIDEO is the index score of citizen ideology in the state. 

 EDU is the percent of people with high school diploma. 

 FED is per capita federal government expenditure in the metropolitan area. 

 INC is per capita income. 

 POPDEN is population density. 

 WHITE is percent white population. 

 BLACK is percent black population. 

 

4.8 Results and Discussions 

 Various tests were conducted to test the assumptions of OLS regression. Residuals were 

plotted to test the normality and homoscedasticity assumptions, and no violations were 

identified. To test multicollinearity, variance inflation factor (VIF) was calculated. The VIF 

scores are below 10 (VIF = 5.45), indicating that there is not a serious problem of 

multicollinearity. The model has an R-squared of 0.45 (adjusted R-squared = 0.41), showing a 

good model fit. 

The results of the regression are presented in Table 5. In the previous section, we 

hypothesize that both state and local clean energy policies have positive effects on green jobs 

creation. The results suggest support for both hypotheses. The coefficient of state clean energy 

policy index is positive and statistically significant (p-value = 0.021) at 0.05 level. The 

coefficient of 0.04 means that for every additional state clean energy policy tool adopted, an 

expected 4 percent increase of green jobs will be resulted in the metropolitan area, controlling for 

other factors. Considering that a wide variety of tools are available to state policy makers, much 

potential exists for stimulating green jobs using clean energy policy tools.  
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Table 4.5 Determinants of Green Jobs in U.S. Metropolitan Areas 

Dependent Variable: Number of Green Jobs (logged) 

Variables Coefficients 
Standard 

Errors 

State clean energy policies 0.045** 0.019 

ICLEI 0.602** 0.265 

Per capita GDP (2005) 0.063*** 0.011 

Unemployment rate (2005) -0.064 0.046 

Per capita GHG emissions 

(2005) 

-8.540 7.421 

Population change (2001 to 

2005) 

5.728*** 1.475 

Citizen ideology (2005) 0.004 0.009 

Average educational attainment 

(2005) 

0.011 0.012 

Per capita federal government 

expenditure (2005) 

0.026 0.023 

Per capita income (2005) 0.010 0.018 

Population density (2005) 0.001*** 0.0003 

Percent white (2005) -0.006 0.015 

Percent black (2005) 0.001 0.015 

Constant 3.119 1.897 

R-squared 0.450 - 

Observations 312 - 
* p < 0.10; ** p < 0.05; *** p < 0.01 (two-tailed) 

 

The coefficient of ICLEI membership is positive and statistically significant at 0.05 level 

(p-value = 0.023). This suggests that MSAs with proactive local climate policies are likely to 

generate more green jobs than MSAs without such policies. To interpret the coefficient, MSAs 

with ICLEI membership create 60.2% percent more green jobs than MSAs without ICLEI 

membership on average, holding other variables constant. The difference is of practical 

importance. The average number of green jobs in MSAs with ICLEI membership is 7263, 

compared with 988 in MSAs without ICLEI membership. This means that committing to climate 

mitigation and engaging in low emission energy efficiency policies could effectively create local 

jobs.  

 The coefficient of per capita GDP is positive and significant, indicating that the higher 

the per capita GDP, the more green jobs will be created. The coefficient of population change is 
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positive and statistically significant, suggesting that metro areas experiencing rapid population 

growth are conducive for the growth of clean energy industry and services.  

 

4.9 Conclusions 

 Green economic development and green jobs creation is a popular topic among 

government officials and scholars. However, much of the existing scholarship has focused on ex-

ante forecasting of green jobs creations, while little attention is paid to whether clean energy 

policies have fulfilled one of the most important promises, that is, creating green jobs. This paper 

investigates whether existing state and local climate and clean energy policies have effectively 

created green jobs using employment data in 2006. The empirical results suggest that state clean 

energy policy tools have positive effects on green jobs creation, and local climate actions could 

also bring about significant number of green jobs in the U.S. metropolitan areas. Several 

implications can be drawn from this study. First, this study confirms the short-term employment 

effects of clean energy development, as widely argued in the current literature. This study also 

confirms the effects of government policies in creating green jobs in the short term.  

 Several limitations of this study need to be discussed. First, this study is a cross-sectional 

study, which cannot fully capture the dynamic effect of policy tools. This study focuses on the 

distribution of green jobs in 2006, when the clean energy industry is in its infancy, and little 

federal attention is paid to this sector. It will be interesting to do an empirical study of the 

employment effect of U.S. ARRA act, adopted in 2009, to examine whether federal policy has 

effectively stimulated the growth of clean energy industry, and to what extent has it has changed 

the distribution of green jobs across regions. Do federal policies intensify the regional 

differences in green economic development, or do these policies grant late movers new 

opportunities to catch up with the leading regions? 

Second, this study focuses on the short-term effect of the policies. It is beyond this study 

to make inference regarding mid-term or long-term influence of the clean energy policies. While 

it is true that government policies have created green jobs in the short-term, the mid-term and 

long-term effects remain untested. A long-term horizon needs to be taken in future research to 

examine the potential of the clean energy industries in bringing about structural change to the 

economy over the decades. Another issue is the measurement of clean energy and climate polices 

at the local level. This study measures local climate policies using the ICLEI membership. While 
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this measure has its validity, it could be improved with measures that capture the extent of 

implementation of climate policies at the local level.  

 Future research should be directed to develop longitudinal data sets for green jobs 

creation at the local level, and empirically test the dynamic effects of policy tools in creating 

green jobs in the short term, mid term and long term. In addition, attention needs to be paid 

toward better measures of local green economic development policy tools.  
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CHAPTER FIVE 

CONCLUSIONS 

 

In this dissertation, I investigate clean energy policy making at three levels of 

governance: federal, state and local governance. While the first essay focuses on policy making 

networks, and the last two essays focus on the consequences of clean energy policy tools, the 

three essays as a whole demonstrate the major themes that I would like to present on the 

mechanisms of clean energy governance in the United States. I will discuss the implications of 

this dissertation in the context of multilevel governance, cooperation versus competition in the 

policy making process, and an integrative multilevel approach for conducting policy research. 

 First, this dissertation shows that clean energy governance in the United States follows a 

multilevel structure corresponding to the federalist political system underlying the U.S. 

government. The U.S. clean energy governance is not only about federal policies, or state 

policies, or local policies alone, but the combination and interactions among the policy tools 

within and across different levels of governance. This has significant implications for policy 

makers and stakeholders. If a policy could not get passed at one level of governance, there is still 

policy venues for policy adoptions. Without aggressive federal clean energy policies, state and 

local policies could still play a significant role in promoting clean energy development, bringing 

about moderate economic and environmental benefits.  

The federalist energy governance poses additional questions regarding policy evaluations. 

In this dissertation, I implicitly take multi-level policy tool interactions into account, with state 

and local analyses more successful than federal analysis. In the federal level policy network 

analysis, I include only national policy advocacy groups in the analysis for convenience, but this 

does not exclude the possibility that state and local clean energy interest groups could exert 

influences on federal policy making. In the state level analysis, I control the impact of federal 

policy instrument by using time fixed effect, but controlling for local policy variations poses 

difficulty. In the local level green job analysis, I control for both state and local policies, but have 

to assume the relative stability of federal policies.  
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 Second, this dissertation also implicitly shed light on the cooperation versus conflict 

based explanations for energy policy making. While the first essay focuses more on the 

cooperation among the clean energy advocacy groups, the last two essays take into account the 

conflict nature of the policy process in the clean energy policy arena. The argument here is not 

that federal energy policy arena is more cooperative and state and local energy policy arena is 

more conflict intensive. My argument is that cooperation and conflict are basic elements in the 

policy making process. In the current theorizations of policy process, some theoretical 

frameworks are more suited for explaining policy conflicts, for example Advocacy Coalition 

Frameworks (ACF),  and other better suited for explaining collaborative policy solutions, for 

example, Institutional Analysis and Development (IAD).  

 The federal level analysis draws upon the Institutional Collective Action Framework, 

which defines the policy dilemma in clean energy policy making as the collective action 

problems among the clean energy policy advocacy groups. This does not mean that policy 

conflicts are omitted from the analysis. In fact, this analysis treated policy conflicts between 

clean energy policy organizations and traditional energy organizations as exogenous to the 

internal collective action problems. The state and local analyses are more based on the conflict 

view of policy process rather than collaborations. This is somehow restrained by the nature of 

methodological tools. I used regression based methods for both state and local analyses, 

controlling for opposing carbon intensive interest groups. This implicitly assumes that policy 

making process on energy governance is a zero-sum game, in which ground for compromise is 

very hard to maintain. 

 This dissertation represents the first step in the quest for knowledge on clean energy 

governance. Based on the theories laid out above, future work can cover all three levels of clean 

energy governance in the federalism setting to fully capture the complicated dynamics of energy 

policy making. Although I have treated them separately as three relatively independent processes 

for analytical convenience, the governance system for energy policy is in nature a complex 

system, in which policy actors are networked with each other, and policy arenas are also 

connected. Energy policy actors are engaged in a multilevel game simultaneously, and policy 

changes at one level may affect the policy equilibrium at another level. One possible extension of 

this dissertation is take a full complex system perspective, by mapping all the policy actors 

across different levels of governance, and track the changes of clean energy policies. While this 
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seems a daunting task for empirical investigation, with the hyperlink network analysis with web 

crawling as presented in the federal analysis, it seems to be a feasible research project that could 

potentially lead to significant breakthroughs in our understanding of policy making processes. 
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APPENDIX A 

STANDARD INDUSTRIAL CLASSIFICATION 8 DIGIT CODES USED 

Renewable Power Generation Manufacturing 

Hydroelectric  Wet corn milling 

Nuclear  Corn milling by-products 

Other Renewable  Gluten feed and meal 

Agriculture and Forestry  Soybean and Vegetable oil mills 

Corn Farming  Lecithin, soybean 

Soybean Farming  Soybean flour, grits, oil, cake, meal, or powder 

Forestry and Reforestation services  Soybean protein concentrates and isolates 

Forest management services  Hydrogen 

Forest management plans, preparation of  Ethyl alcohol, ethanol 

Timber cruising, estimating, and valuation services  Solar heaters and collectors 

Engineering, Legal, Research & Consulting  Turbines and turbine generator set units, complete 

Environmental law  Gas turbine generator set units, complete 

Environmental protection organization  Hydraulic turbine generator set units, complete 

Pollution control engineering  Steam turbine generator set units, complete 

Building construction consultant  Turbines and turbine generator sets and parts 

Heating and ventilation engineering  Gas turbines, mechanical drive 

Electrical or electronic engineering  Hydraulic turbines 

Energy conservation engineering  Steam engines and turbines 

Agricultural and Biological research  Turbo-generators 

Biotechnical research, commercial  Wheels, water 

Natural resource research  Windmills for pumping water, agricultural 

Energy research  Windmills, electric generating 

Environmental research  Light emitting diodes 

Materials mgmt. consultant  Solar Cells and Photovoltaic devices, solid state 

Productivity improvement consultant  Fuel cells, solid state 

Environmental remediation  Hydrogen ion equipment, colorimetric 

Energy conservation consultant  Environmental controls and testing equipment 

Environmental consultant  Solarimeters 

Earth science services Construction & Systems Installation 

Geological and Geophysical consultant  Solar energy contractor 

Recycling, waste materials  Energy management controls 

Environmental cleanup services  Environmental system control installation 

Natural resource preservation service  Pollution control equipment installation 

Government Administration Equipment Dealers & Wholesalers 

Environmental health program administration  Heating equipment and panels, solar 

Environmental agencies  Air pollution control equipment and supplies 

Air pollution control agency  Pollution control equipment, air (environmental) 

Environmental protection agency  Pollution control equipment, water (environmental) 

Environmental quality and control agency  Solar heating equipment 
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