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ABSTRACT 

 

This dissertation investigates the effects of federal grant-in-aid programs on metropolitan 

area economic growth and recovery in “green” energy and environmental sectors of the 

economy, focusing on the role of self-organizing intergovernmental policy networks. Federal 

grant-in-aid programs are popular policy tools to bridge the gaps between fragmented local 

government capacities in pursuing desired policy outcomes, to facilitate collaboration and to 

stimulate the economy. The fragmentation of authority and responsibility for economic and 

environmental programs at a regional level produces institutional collective action (ICA) 

dilemmas. Applying a network analytic approach I examine how changes in local and regional 

network relationships to overcome ICA dilemmas impact policy performance. This research 

contributes to the literature by extending the ICA framework to examine how network structure 

responds to changes in the underlying problem or ICA dilemma that alter risks, and how these 

changes in network structure then influence policy performance. 

This dissertation employs an integrative model to investigate the impacts of exogenous 

stimuli on structural changes in networks and consequent policy performance. This empirical 

analysis focuses on the Energy Efficiency and Conservation Block Grant (EECBG) under the 

American Recovery and Reinvestment Act of 2009 (ARRA) as an exogenous stimulus for 

metropolitan green economic governance in Florida. The first analysis applies Stochastic Actor-

Based Model (SABM) to test the impacts of the EECBG program on the structural changes in 

green economic networks among 19 metropolitan areas in Florida from 2000 to 2011. The 

second analysis extracts network factors from the first analysis and estimates Time-Series-Cross-

Section (TSCS) models to test the hypothesized explanation for how exogenously driven changes 

in networks influence policy performance through green job creation in metropolitan areas. 
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1 Research Questions 

 

This dissertation explores the intersection of three phenomena that have generated 

tremendous attention and research in the scholarly public policy community in recent years.  

First, policy networks among governmental actors and the roles that they have in the design and 

performance of collaborative initiatives within urban areas. Second, the phenomena of “green 

economic development” which isolates renewable or clean energy sectors of the economy that 

are predicted to be high growth sectors that can advance environmental and economic 

sustainability. Third, program implementation and impacts of the economic stimulus program 

that the Federal government introduced as a one-time stimulus designed to generate job growth 

and new development across the economy as well as in targeted areas such as sustainability and 

green economic development. By focusing this research on urban metropolitan areas, I am able 

to examine these three phenomena together to advance an explanation linking the structure of 

local policy networks related to green development to how the exogenous shock provided by the 

stimulus affected these policy networks and growth.    

The costs and benefits of both sustainability and economic development, spill over 

government boundaries in jurisdictionally fragmented metropolitan regions, thus coordination 

and cooperation are required. While some have advocated centralized regional government 

solutions, Feiock (2013) has argued that self-organizing actions among fragmented authorities 

can effectively address these dilemmas if barriers to institutional collective action are overcome. 

Empirical and practical evidence also supports that local endeavors in U.S. have made a 

significant progress in energy sustainability and climate policy (Portney, 2003; Feiock and 

Audirac, 2009).  

Recently, theoretical and empirical work applying network analysis has sought to 

understand the dynamics of collaboration. Based on the dyadic relationships among individuals 

such as friendships (Kilduff, 1992; Van Dujin et al., 2003) and kinships (Carrington, Scott, and 

Wasserman, 2005), research in political sciences extends the networks into relational exchanges 
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of goods and services among organizations (Schneider et al., 2003; LeRoux et al., 2010). Recent 

work has begun to explore structural features in network formation and their evolution (Berardo 

and Scholz, 2010). To understand the structure in the dynamics of networks, Berardo and Scholz 

(2010) advance a “risk hypothesis” focusing on relational risks in the choice of collaborators or 

partners.  

The study on network evolution in estuaries distinguishes low and high risk scenarios and 

the network structures to address them. Low risk coordination dilemmas are where actors tend to 

maximize the efficiency of information exchange. High-risk cooperation dilemmas are where 

actors tend to maximize credible commitment. That is, some loosely coupled networks are 

utilized where information costs are high, whereas other densely clustered networks are preferred 

where commitment costs are high. Recent work based on the institutional collective action (ICA) 

framework investigates how differences in collaboration influence local dynamics in dealing 

with ICA dilemmas (Lee, Lee, and Feiock, 2012; Gerber et al., 2013). For instance, Yi (2012) in 

his dissertation empirically tests how the clean energy policy advocacy network forms different 

structures in order to manage transaction costs at national level. Also, Lee, Lee and Feiock 

(2012) show empirical evidence that, in a high risk policy arena such as economic development, 

densely clustered networks are preferred by actors to maintain credible commitments to 

collective solutions. However, it is also true that other scholars in that area paint a mixed picture 

of the utility of collaboration. They point out the symbolic features of interlocal collaboration in 

the energy and climate area (Lubell, 2004; Sharp, Daley and Lynch, 2010; Krause, 2011). Krause 

(2011) demonstrates that not many city/town managers tend to take substantive action on energy 

and climate change policy, even though they are active in extending their policy network with 

others. 

Important questions are unanswered, most important, how do the self-organizing 

structures of policy networks impact policy outcomes?” We also know little about the formation 

and evolution of policy networks. Why do actors change their preference on existing 

relationships even when breaking existing relationships can be costly? What are the payoffs for 

individual actors of changing network structure? I begin to answer these questions. Doing so will 

not only add to the network and local governance literatures, analyzing network change will 

advance understanding of how network change is related to policy. For instance, in metropolitan 
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green economy governance, are either coordinative or cooperative networks highly associated 

with green job creation? 

While network change is endogenous it is subject to external shocks. I examine the policy 

network response to the sustainably grants of the ARRA stimulus. A one-shot grant may impose 

different costs and benefits acrosss actors, which leads them to change their network structure to 

accomplish desired policy outcomes. Thus, federal funding to local governments produced by the 

Energy Efficiency and Conservation Block Grant (EECBG) under the American Recovery and 

Reinvestment Act of 2009 (ARRA) can influence network changes among local governments.  

The shifts in policy network structure may then translate into differences in green job creation 

across the metropolitan area.   

 

1.2 Collaborative Governance and Policy Performance 

 

This dissertation deals with the effectiveness, performance, or outcomes of policy 

networks in the changing situation of collective action dilemmas. There are two main streams of 

network governance research in public administration. One based in the ICA framework and the 

other based on organizational studies of network management. These approaches differ in terms 

of level of analysis and focus on designed vs. self-organizing networks. What the ICA based 

studies focus on e is how individual actors respond to and address the common problems in their 

community. Mainly, it focuses on dilemma situation derived from common pool resource 

problems of how to minimize the opportunistic behavior among individual actors. This dilemma 

perspective raises questions like why some actors cooperate rather than compete with each other 

and why cooperation takes specific forms or types ranging from consolidation to informal self-

organizing networks. This stream of research has generated important insights by employing 

contextual and political factors like forms of government to collective dilemma, but it has not 

adequately addressed important questions such as “does reducing the ICA dilemmas resolve the 

underlying problem?” That is, despite the volumes of evidence indicating cooperating 

mechanisms are beneficial to individual and community in addressing ICA dilemmas, the 

collective performance outcomes derived from such cooperation have not been systematically 

identified to provide empirical support for the assumed performance gains through collaboration. 
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Integrating ICA with the second stream of research based on organizational studies of 

network management allows me to more directly test how the structure of collaboration networks 

influence outcomes and performance. A small but increasing set of studies within the tradition of 

organizational studies of public management regards networks as a governance tool to improve 

policy outcomes. Rather than focusing on exchange among specific actors, this approach focuses 

on the network as a whole and addresses network-wide performance. Nevertheless, this research 

is limited in explaining the mechanisms by which the networks influences performance such as 

structure and network changes. Provan and Milward (1995) employ the wholistic view on 

network to see the network structure such as centrality and density, which may lead to changes in 

policy outcomes in mental illness care. Moreover, O’Toole and Meier (1999, 2004) specify the 

elements of network as managerial skills and tools such as frequency and wideness of network 

among public managers. However, this approach overlooks the internal networking mechanisms 

central to the ICA approach.  

This dissertation brings together and begins to integrate these network research traditions. 

Doing so, can demonstrate how the networking influences the outcomes the policy outcomes. 

The concept of network change is crucial to explain how individual actors respond to network 

changes in dilemma change situation to gain better performance of policy. Policy actors 

networks respond to policy they adopt, which leads them to another stage of collective action 

dilemmas as well as the resolution of previous common problems to identify outcomes of 

collaboration that result from their actions to mitigate collective action dilemmas over time in 

response to externally driven events. 

 

1.3 Theoretical and Empirical Importance 

 

Employing the network approach, an extensive conceptualization of the ICA framework 

is advanced. Although network studies within the ICA literature effectively highlight the 

importance of collaborative governance in the local policy area, little attention has been paid to 

exogenously driven change and its impacts on collaboration. The integrative model constructed 

here fills the lacuna to mitigate gaps between endogenously developed self-organizing 

mechanisms and exogenously driven changes in networks. Furthermore, the hypothesis test of 
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how structural changes in network affect policy outcomes encompasses direct and indirect 

impacts of policy instruments in metropolitan green economy.  

This work addresses important practical policy issues in metropolitan governance and the 

green economy. In both direct and indirect effects of federal grant-in-aid program, this study 

provides empirical policy implications for evaluating green economic recovery programs. 

Particularly, indirect impacts of external stimuli enable practitioners to predict trade-offs in 

collaborative governance and the utility of collaborative networks in terms of structural changes 

in policy networks. This integrative approach contributes to reducing the ambiguities in green 

economic development and sustainability policy. 

 

1.4 Overview of Dissertation 

 

 

 

Figure 1.1 Conceptual Map for Research Design 

 

 

As shown in Figure 1.1, the impact of federal stimuli programs is examined in two stages 

of analyses. In the first stage, the effects of federal aid programs on structural changes in 

governance networks related to green economic development is estimated. The second stage 

analysis constructs two Time-Series-Cross-Section (TSCS) models to test the effect of 
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exogenously driven network structural changes on of green job creation for individual local 

governments and for the metropolitan area as a whole. Following this introduction, this 

dissertation includes six chapters. 

In Chapter two, concurrent theoretical discussions and the empirical evidence is reviewed 

to explain the metropolitan governance and policy outcomes. First I discuss mechanisms of self-

organizing networks in metropolitan governance and resource dependency theory in the context 

of institutional collective action dilemmas. Next I review evidence of interlocal collaboration 

regarding the network risk hypothesis. Last, I focus on the gaps between studies of policy 

networks and performance management to understand network effects on policy outcomes.  

In Chapter three, the theoretical frameworks employed in this dissertation are introduced. 

Focusing on network change as an indicator of ICA dilemma change, two different types of risk 

that cities confront are hypothesized.  By accounting for both relational risks and environmental 

risks I identify four different types of network structure that can emerge in response to the 

changes ICA dilemma. Network effects on the policy performance are formulated at various 

levels. 

In Chapter four, the methodology is presented and explained. Network data is measured 

and collected using content analysis. Measurement for network structure is identified, though 

which time-serial network analysis for capturing network change driven by exogenous event. 

Time-serial-cross-sectional analysis is designed to test the network effects on policy 

performance. 

In Chapter five, the result from the network analysis for network change are presented 

and discussed. Using time-serial analysis on network change, the analysis in this chapter 

examines how the network position at the individual level affects the policy performance, while 

structural effects in network change are discussed at the network level. Also, the impact of the 

exogenous federal stimuli program on the structural changes in network is systematically 

investigated. 

In Chapter six, individual city and metropolitan level network effects as well as direct 

policy input and indirect institutional effects on the policy performance in green economy are 

analyzed and discussed. 

In the last Chapter, the analysis results are interpreted based on the ICA theoretical 

framework and its meanings and limitations are discussed for both practical and academic 
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audiences. The final chapter also articulates the implications of the findings for future research 

on urban governance, networks and sustainability.  
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CHAPTER TWO 

 

METROPOLITAN GOVERNANCE AND OUTCOMES 

 

2.1 Self-Organizing Networks in Metropolitan Governance 

 

2.1.1 Mechanisms for Institutional Collective Action 

 

It is interesting that we have witnessed overwhelming voluntary collaboration among 

municipalities in metropolitan area, even though there have not been a legal binding rules or 

statute to promote such collective action.  Why do cities cooperate rather than compete with each 

other or at least act individually?  Fragmentation of authority and externalities have long been 

regarded a crucial factors to induce inter-jurisdictional collaboration within metropolitan areas 

(Ostrom, Tiebout, and Warren, 1961; Bish, 1972). Ostrom and his colleagues (1961) point out 

the “polycentric political system” in metropolitan area, in which multiplicity of political 

jurisdiction exists, produces both competition and voluntary cooperation among governments. 

From the Tiebout (1961), Bish (1972) builds model to demonstrate that constituents are more 

satisfied with public services when boundaries of political jurisdiction correspondents with those 

of social worlds. 

Recent literature focuses on collective action dilemmas that arise in a system of 

fragmented local jurisdictions (Feiock, 2013). Bae and Feiock (2012) argue that service 

fragmentation is embedded in horizontal fragmentation of governments and the muliplexityity of 

inter-related services produced in metropolitan area. In other words, any single service cannot be 

provided or produced separately from regard of other services in the same area. For instance, to 

provide a new service such as a recycling can buy back program, it is necessary to adjust budget 

for existing recycling programs as well other policy areas. Although Bae and Feiock (2012) and 

other scholars (Shrestha and Feiock, 2009) pay less attention to services or policy areas as a 

single unit of analysis, their research provides a theoretical insight to understand multiplexity in 

services as a factor of collaboration in metropolitan area.  

Cross jurisdiction externalities are a main driver for interlocal collaboration in 

metropolitan area. As Ostrom and his colleagues (1961; Ostrom and Ostrom, 1971) argue, public 
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goods and services are naturally (1) hard to fully internalize consequences, which generates 

unexpected outcomes or spillovers to the third party, (2) hard to exclude person who does not 

pay for the benefits, which causes free rider problems as well as exacerbation of service quality, 

(3) and hard to measure or quantify the performance of services by costs and benefits, which 

provokes over- or under-provision of services to community.  

Cross jurisdiction externalities of public goods and services affect normal voluntary 

exchanges among individuals either positively or negatively. As it is hard to impose the exact 

costs on the exact beneficiaries, someone might gain more benefits than they pay, whereas others 

might pay more than benefits they are supposed to gain. Positively, for instance, building 

massive recycling facilities in one area enables adjacent areas to reduce the transportation costs 

in their total recycling programs. Negatively, in the same case of recycling facilities, people 

living in the area with the facilities may suffer from increased traffics of transportation trucks 

with wastes, which leads to paying more on maintenance of roads and public health. Therefore, 

there is always a problem of non-correspondence between who pays costs and who gets benefits, 

which leads to needs for coordinating the non-correspondence in public services provision and 

delivery. 

 

2.1.2 Transaction Costs in Institutional Collective Action Dilemmas 

 

The problem of fragmentation and externalities in providing public goods and services is 

that it makes it hard for individual actors to address service issues. The ideal way to overcome 

the problem is internalizing all the benefits and costs around the goods and services within one’s 

control (Ostrom and Ostrom 1971). However, there is no confidence that such internalization 

would provide a good rationale for cost-benefit based application of public goods and services, 

since it is almost impossible to measure the market price for quantity and performance of such 

goods and services. Therefore, one feasible way to address the problem is adding actors in the 

game to mitigate the gaps of non-correspondence in public goods and services, which leads 

actors to sharing the benefits and costs. 

Addressing the problem of fragmentation and externalities does not always lead 

individual actors to collective action. As Mancur Olson (1965) concludes in The Logic of 

Collective Action, individuals are involved in such an extra activity very limitedly when 
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members in collective action are supposed to gain more benefits than costs. Otherwise, 

individuals are prone to collective inaction, which means individuals bear the costs derived from 

fragmentation and externalities in exchange of goods to some extent which the costs are lower 

than the ones of membership or collective action (Olson, 1965; Ostrom and Ostrom 1971). 

To this transactional set of individual actors, the institutional approach applies transaction 

cost theory to collective action at the level of organization (Coase 1937; Williamson 1975, 1981) 

or institutional actor (Feiock 2009). Coase (1937), in The Nature of the Firm, depicts the firm as 

an artificial set of exchanges to reduce the costs of coordination and control, the transaction 

costs. In other words, an organization, especially a firm, is a venue or a mechanism through 

which individual members’ or agents’ preferential differences are coordinated for profit 

maximization, which is distinguished from price mechanism in the market. To such an insight 

into the transaction costs at the level of organization, Williamson (1981) develops dimensions 

within organizational transactions. Whereas Coase (1937) focuses on the boundary between the 

organization and the market, Williamson (1981) extends the dimension into internal boundaries 

among operating parts within organization. In terms of rationality or efficiency in economics, he 

describes transaction costs as production expenses to be economized through governance 

structure of “organization man” (Williamson 1981).  

While these efforts explain how the individual preferences are coordinated via the 

organizational will of contract, the ICA framework places the organization as an actor in the 

institutional set of transactions. Although individuals are only unit capable of acting and 

expressing by their own preferences, such preferences can be economically coordinated or 

politically represented in the name of organizational action (Feiock 2009). Further, as the 

institutional actor can be defined by institutional set of transactions such as rules or laws about 

administrative boundary, authority and position (Ostrom 1990), government entities in 

metropolitan area can be analyzed as an observable actor. For instance, a decision of city 

manager in city A is authorized as the represented preferences of constituents within the 

jurisdictional boundary of the city.   

This basic assumption of ICA framework extends the application of collective action at 

the level of individual actor into inter-jurisdictional and inter-governmental collective action in 

metropolitan area. Focusing on mechanisms to reduce costs around collective action, the ICA 

framework distinguishes dilemmas derived from fragmentation and externalities (the first-order 
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ICA dilemmas), from the relational dilemmas in collective action (the second-order ICA 

dilemmas) (Feiock 2009). For the first-order ICA dilemmas of fragmented authorities and 

externalities in provision of public goods and services, there has been a long debate between 

centralization and decentralization of authority as a resolution (Ostrom 2005; Feiock 2009). 

While the proponents of consolidation in authority argue that large-scaled authority is more 

efficient in providing high level of public services such as police services at low costs (Lawrence 

and Turnbull 1969), the opponent of the consolidation argue that decentralized authority is more 

effective in democratic participation and even more efficient in resource management and 

service provision (Agrwal and Ostrom 2001; De Vries 2000).   

To this dichotomy debate, Ostrom (2005) point out that scales of authority cannot be 

justified in terms of efficiency in high level of service provision, since any authorities of 

consolidated government or self-organizing institutions are to face complexity in high political 

and transaction cost for building and maintain the authority. Carr and Feiock (2004) also 

demonstrate that failure of consolidation efforts in U.S. urban policy is not attribute to the 

designated size of authority but to the less flexible and more costly coordination mechanism to 

address highly political transaction costs. Further, based on the level of autonomy in local 

authority, Feiock (2009) presents a resolution for the second-order ICA dilemmas, 

comprehensive types of self-organizing mechanism to deal with transaction costs in the 

institutional set of collective action. From the formal authority structure of consolidated general 

government to informal policy networks, he provides a testable framework to exam a specific 

form of self-organizing mechanism fitting to minimize a specific set or state of transaction costs 

in collaboration (Feiock 2009). 

 

2.1.3 Resource Dependence in Institutional Collective Action Dilemmas 

 

Resource dependency theory refers to the extent to which an organization is dependent on 

the resources or capabilities possessed by other organizations for goal achievement (Alter and 

Hage, 1993; Pfeffer and Salancik, 1978). The underlying basis of resource dependency theory is 

that organizations are not independent of their environment and rarely have all the resources 

needed to reach their goals. An organization can more easily reach its goals when it taps other 

actors in the network for useful resources, which can be both material (financial resources, 
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information and knowledge, and personnel, for example) and nonmaterial in nature (such as 

legitimacy of the organization’s goals and symbolic power or prestige) (Berardo, 2009). The 

dependency on external resources can affect an organization’s strategic decisions and its 

willingness to form partnerships (Aldrich and Pheffer, 1976; Dyer and Singh, 1998; Baum and 

Oliver, 1991). The theory of resource dependency implies that collaborative activities among 

cities can change when external environments change (Peffer and Salancik, 1978). As suggested 

by Galaskiewicz (1985), the needs of an organization and its dependencies on others change in 

accordance with the environment in which it is embedded. Resource dependency theory implies 

that, when external environments change, organizations can shift their operating procedures and 

governance structures to secure additional and different resources and stabilize their environment 

that is shocked by an external event.   

This approach to explaining local policy action suggests that when resources in the 

environment become richer, but also more dispersed and heterogeneous, the options available to 

cities embedded in the network to take advantage of and leverage these resources also change. 

Resources available to local actors can generally shape the underlying collective action problem 

by shifting the power balance among potential collaborators. Previous research by Carr (2006) 

suggests for example that cities with more resources at their disposal can demand more from 

participants in an agreement as they are in a stronger bargaining position. The theory of resource 

dependency also implies that collaboration can be fragile when external environments change. If 

additional resources are provided to actors as a result of these changes, but if these resources are 

distributed unevenly to actors, the risks associated with the existing collaboration will also 

change.  

 

2.2 Interlocal Collaboration in Metropolitan Green Governance 

 

2.2.1 Types of Interlocal Collaboration in Metropolitan Area 

 

Regarding the cost-based institutional collective action, there are several types of 

collaboration observed in metropolitan area. A bilateral exchange relation among local 

governments is one type of institutional mechanism for collective action. A bilateral exchange is 

simply a relation between two government units, for example between cities, which can be 
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informal such as when two cities discuss regional problems, or, formal as in an interlocal service 

contract. Whereas much of the literature on regional governance has explored the conditions that 

lead to the establishment of formal agreements, such as shared service delivery through interlocal 

agreements, studies that focus on informal exchanges, including those in economic development, 

have been steadily growing. While cities often engage in bilateral exchanges, both formally and 

informally, when viewed in aggregate across a region there emerge patterns of network relations. 

To distinguish the types of networks that emerge, Feiock (2013) presents informal policy 

networks and contract networks as alternative bilateral exchange relations that differ depending 

on whether the mechanism relies on primarily on social embededness, or, on legal and 

contractual arrangements. 

The first type, an informal policy network, emerges unplanned through informal and self-

organized bilateral exchange relationships between local governments. The repeated interactions 

among local government actors through social embededness help to mitigate the transaction costs 

of collaboration by encouraging trust and reciprocity among the members of the network 

(Shrestha 2010). An important feature of a policy network is that participants pay attention not 

just to a potential partner’s characteristics but also consider the relations of the potential partner 

within the broader network (Andrew and Carr 2013).  

In comparison, a contract networks links local governments in legally binding agreements 

through joint ventures, interlocal agreements, and service contracts that require the consent of 

those involved. This second type of bilateral exchange is similar to a policy network in that it 

preserves the autonomy of local actors, but it provides a formalized collaborative mechanism by 

clearly outlining the responsibilities of partners in the implementation of the collaborative 

agreement (Feiock 2009). The role network embededness in resolving collective action problems 

remains the least studied, but provides perhaps the greatest potential as a mechanism for 

integrating cities policy preferences through horizontal regional governance. Compared to formal 

mechanisms imposed by higher levels of authority, voluntary and self-organizing relationships 

are politically more palatable and can be negotiated among the participants to match to specific 

collective action problem.  
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2.2.2 Structural Approach to Metropolitan Green Governance 

 

Risk-based network approach provides an applicable framework to explain resource 

dependency as a factor of structural change in metropolitan green economy collaboration.  

Advancing Snijders’s (2001) stochastic actor-based model for network evolution, Berardo and 

Scholz (2010) employ the concept of relational risks as a factor of changes in network structure.  

As nature of risks change over time, actor’s preferences for selecting partners also evolve in local 

ecology of policy games (Long, 1958; Lubell, Henry, and McCoy, 2010).  In low-risk 

coordination dilemmas where efficiency of information exchange reduces costs in network, 

actors tend to extend their tie to alter with high level of popularity in global network. In high-risk 

cooperation dilemmas where credible commitment is needed to avoid high costs of defection, 

actors tend to extend and reinforce their ties with reciprocal and transitive relationships.   

Applying the concept of resource dependency, this approach can be extended to external 

risks in network evolution. Endogenous network evolution, especially the taken-for-granted 

assumption of starting network (Steglich, Snijders, and West, 2006; Snijders, Steglich, and 

Schweinberger, 2007), is supplemented by inclusion of exogenous shocks. Resource dependency 

theory implies that, at any critical point when external environments change, actors can shift 

from previous state to present state for securing resources, which means seeking emerging 

stability though exogenously driven change in network. Although the empirical study of 

estuaries (Berardo and Scholz, 2010) does not explicitly explain how the actors’ perception of 

relational risks is linked with exogenous risks, risk hypothesis is still useful to explain changing 

nature of risks at critical point of network evolution. 

Resource dependency as an exogenous risk can be applied to risk-based study of network 

evolution, in the sense that actors’ perception of relational risks is related with the perception of 

external risks around network. We can hypothesize that actors with large scale of federal fund 

(low risks in securing resources) minimize fiscal commitment, so that they prefer low risk 

coordination. Otherwise, actors with few federal funds (high risks in securing resources) tend to 

maximize the credibility, so that they prefer high-risk cooperation.  

Applying resource dependency theory to the risk hypothesis, can explain how the 

exogenous driven impact affects actors’ preferences on network structure and structural change 

of global network. When federal stimuli programs redefine collective action problems in 
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metropolitan green economy as horizontal, asymmetries among actors become critical to their 

perception of federal fund as risks in relationship. In horizontal collective action problems, local 

governments with sufficient support from federal government tend to commit less to 

collaboration, which increases commitment costs in global network in metropolitan green 

development. This means that federal aid programs on green economy are supposed to increase 

commitment of local governments to collaboration, so that such commitment enables local 

governments to achieve more desirable policy outcomes of green job creation.  

 

2.2.3 Metropolitan Governance in Green Economy 

 

Despite the growing interests and activities in green economy in the last decades, green 

or clean economy is still far from clear-cut definition in both practical and academic world. As 

one of broad working definitions, the United Nations Environment Program (UNEP) describes 

the green economy as a socio-economic system with low carbon, resource efficiency and social 

inclusiveness1. Although this definition generally refers to a status of human being improved by 

environmental protection and social equity, the green economy in more practical term is an 

economical growth of income and employment at the end. 

In terms of practice, various agencies and institutes develop more specific working 

definitions of green economy. U.S. Bureau of Labor Statistics (BLS) provides a job-based 

definition of green economy, which is identified as Green Goods and Services (GGS) jobs 

associated with environmental benefits (BLS, 2010). In this term, environmental benefits refer to 

benefits led by using environmentally friendly technologies and skills, by reducing the use of 

natural resources, and by conserving ecological system. Moreover, the BLS definition identifies 

two elements in GGS jobs as product-based jobs and process-based jobs. Product-based jobs 

indicate jobs producing goods or services with environmental benefits, while process-based jobs 

are jobs through which workers are involved in making products more environmentally friendly. 

Based on the job-based BLS definition, the Brookings Institute (2011) develops more 

specific working definition of green economy, focusing only on production associated with 

environmental benefits as below. As same as the BLS definition, the institute uses the term of 

environmental benefits including using environmentally friendly technologies and skills such as 

                                                
1
 See the definition on the UNEP website (http://www.unep.org/greeneconomy) 
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renewable energy sources or energy efficient devices, controlling pollution, using less natural 

resources, or conserving ecological system.  

“The clean (green) economy is economic activity-measured in terms of establishments 

and the jobs associated with them-that produces goods and services with an environmental 

benefit or adds value to such products using skills or technologies that are uniquely applied to 

those products (The Brookings Institute, 2011).” 

However, Brookings drops the term of process-based jobs in its green economy 

definition, while it includes jobs adding values to the GGS in its category. Process-based jobs are 

excluded, since the jobs are internalized or embedded in establishments or individual behavior, 

which causes measurement problems in sizing the green economy. For instance, recycling policy 

in one establishment cannot be the criterion to select the establishment as one of green job 

economy. On the other hand, while the BLS includes only jobs producing green goods or 

providing green services in its category, the Brookings Institute expands the category into jobs 

producing both green goods and non-green goods, and even jobs producing non-green jobs (The 

Brookings Institute, 2011). For instance of recycled paper, by the BLS definition paper mills 

producing only recycled paper are included in green economic category, while paper mills 

producing both recycled paper and non-recycled paper are also identified in the Brookings green 

job category. Also, all sub-industries producing non-green goods such as electric circuits in solar 

panel are included in the Brookings definition of green economy. 

This definitional ambiguity often implies methodological difficulty in defining which 

measurement the research and practices take into account. By the BLS definition, 3.1 million 

jobs are identified as green in 2010, whereas 2.7 million jobs are estimated to be green jobs by 

the Brookings definition. This difference reflects the difference in estimating the size of value 

added industries in product-based approach and the exclusion of process-based jobs in 

measurement.  

Although the Brookings definition may overestimate green product industries and 

somewhat underestimate process-based jobs, the Brookings definition is adopted. On the one 

hand, although identifying the processes and behaviors to improve environmental benefits within 

the establishments is highly important to understand the nature of green economy, measuring the 

process-based jobs and matching the jobs with specific establishments and industries cause 

though measurement problems in empirical study. On the other hand, in practice, even though 
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green economy seizes a significant proportion as an alternative economy, it still heavily relies on 

conventional industries. Only a few segments of the green economy are based on sheer 

innovative green technologies as defined by the BLS, and large parts are intermingled with 

conventional non-green industries such as manufacturing and construction2.  In this light, the 

green economy is defined as job-based economy producing green goods, providing green 

services, or adding values to such green products, which generates environmental benefits of 

using more energy innovative and efficient technologies and skills with less natural resources to 

reduce pollutions and to protect ecological system. 

 

2.3 Effectiveness of Policy Networks 

 

2.3.1 Policy Network as an Independent Variable 

 

To the question of what difference cooperation makes, the field of organizational study 

contributes to identifying performance related network effects (O’Toole, 2014, 1997). While an 

institutional approach also seeks the answer for problem solving through network, theoretical 

and empirical development in institutional literature shows that more attention has been paid to 

answering the question why and how cooperation. Although it is partly because of the normative 

expectation that sound institutional interaction among individual actors can lead the community 

to resolving common pool resource problems (Ostrom, 2005), which has not been explicitly 

discussed is the desired state of outcomes and how the collaboration contributes to the outcomes. 

To the contrary, organizational studies set policy networks as an independent variable in 

policy performance research, despite the less theoretical basis (O’Toole and Meier, 2014). 

Provan and Milward (1995) are among those who draw a sketch of the effectiveness of networks 

for policy interaction. In studying mental care networks, these authors investigate the 

effectiveness of policy network through assessing the correlations between the success of 

networks and the actual improvement of client’s health status (Provan and Milward, 1995). In 

extensive studies, policy networks or network activities are employed as an explanatory variable 

for policy outcomes in diverse public policy arena such as school districts (Meier and O’Toole, 

                                                
2
 According to the Brookings Institute, around 26 % of all green economy job lies in manufacturing 

industries (The Brookings Institute 2011). 
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2001; O’Toole and Meier, 2003), community health care (Provan Sebastian, 1998; Milward and 

Provan, 2003), and community development (Agranoff and McGuire, 2003; Mandell, 1999). 

To the question of what is a good network, the field of organizational study is still 

struggling to identify the network as distinguished from traditional managerial capacities in 

hierarchical arrays. Despite variation in measuring the effectiveness of network (See Turrini et 

al., 2010), not much has been revealed about the structure of networks such as structural patterns 

and evolution of networks. Provan and Milward (1995) argue that the successful network or 

networking refers to well-integrated interorganizational activities. They indicate that integrated 

systems of community agencies enable the continuous and integrated provision of services, even 

when public interest motives are weakly formed (Provan and Milward, 1995; Dill and Rochefort, 

1989). In their study and other extensive studies, network integration is measured through 

general features of network structure such as density and overall centralization (Provan and 

Milward, 2001; Jennings and Ewalt 1998; Provan and Sebastian 1998). To the same question, 

Meier and O’Toole (2003) focus on the management style in individual level behavior. They 

argue that the network management style features the strength of interaction (Meier and O’Toole 

2003). This density of network is measured by the frequency of interaction among individual 

actors (O’Toole and Meier 2004; Juenke 2005). In addition to the integrated and frequent 

interaction, other network features such as network size and heterogeneity (Hasnain-Wynia 

2003; Mitchell et al 2000; Ulrich et al., 2006), formalization (Kegler et al. 1998; Jennings and 

Ewalt 1998) are measured to identify the successful network or networking.  

As seeing a network or networking as a booster to enhance the managerial capacity 

(O’Toole 2014), organizational studies take a generous stand that a good network supports a 

better performance (O’Toole and Meier 2004). Despite the limitations in findings, Provan and 

Milward (1995) demonstrate that well-integrated networks in stable system provide more 

effective services in community health care programs. Also, in education policy, Meier and 

O’Toole (2003) show that networking outward with frequency enhances the short-term program 

performance as well as long-term enhancements in program performance. In other studies, dense 

and active networks or networking supported by other managerial capacities are positively 

associated with better performance in public policy (Hasnain-Wynia 2003; Jennings and Ewalt 

1998; Kegler et al. 1998).  
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2.3.2 Policy Performance and Governance Outcomes 

 

Despite the advantages of managerial network on performance, which policy arena 

requires or at least encourages collaboration in performing is still a challenging inquiry in the 

organizational study. Regarding that adding links and increasing structural complexity are 

inevitably costly in performing public policy, to what extent the network or networking can be 

justified in performance management? More importantly, the outcomes of self-organizing 

relationships can be a measure of performance of specifically intentional policy? 

In his recent conceptual paper, O’Toole (2014) indicates that not all network 

management styles contribute to public sector performance. Like other debates on emerging 

managerial apparatus such as participatory budgeting (On the positive effects, see Dryzek, 2000; 

Coleman and Gotze, 2001; Robbins et al., 2008 Also, for the negative effects, see Golding, 1996; 

Davis, 1999; Margolis and Resnick, 2000; Bimber, 2001), such a non-traditional networked 

management often causes misleading information and conflicts among actors (O’Toole, 2014), 

which is called as transaction costs in institutional approach. This happens when precise outputs 

can be expected through the traditional management in hierarchical arrangement (Hjern and Hull, 

1982). In routinized policy implementation, for instance, managers tend to rely on formalized 

rules rather than to seek outside resources (Schofield, 2001, 2004; Elmore, 1978). In this light, 

collaboration is advantageous when policy problem is highly associated with collaborative 

resolution, when policy outputs are hardly expected, and when the definition of policy problem is 

highly contextual and dynamic (O’Toole 2014; Elmore, 1985; Hjern and Hull, 1982). 

In addition to the nature of policy problem, more importantly, the outcomes of 

collaboration are not necessarily a measure of policy performance (O’Toole, 2014; O’Toole and 

Meier, 2004). Apart from the difficulties in measuring performance in public sector (Hood, 1991; 

Modell, 2001; Van Thiel, 2002), measuring network accurately as highly associated with specific 

policy is still challenging. This problem is found in early organizational studies on network 

performance focusing on the specific network among most influential actors in specific policy 

arena such as superintendents in school district (Meier and O’Toole, 2003; O’Toole and Meier, 

2004) and mental health agencies in community mental care services (Provan and Milward, 

1995). Despite the enhanced measurability, these networks of powerful actors may not be 

generalized in broader sense of governance mechanism in public policy. Moreover, voluntary 
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self-organizing networks that are not always highly intended to accomplish specific policy cause 

the gaps between the governance outcomes and policy performance. Networks in this view of 

organizational study are more intentionally and purposefully designed rather than voluntarily 

self-organized, which weakens the explanation of institutional arrangements influencing both 

network structure and policy outcomes. 

Recent works in organizational study on network mitigate the gaps between managerial 

network design and institutional influences (O’Toole and Meier, 2013; Ingold and Leifeld, 2014). 

Although holding a strong position that network or networking is complementary to what 

otherwise could be addressed in hierarchical authority (O’Toole, 2014; Agranoff, 2006), the 

focus extends to the configuration of network as interacted with contextual and institutional 

arrangements. In their conceptual paper, O’Toole and Meier (2013) hypothesize that the increase 

of heterogeneity and complexity of context causes the dispersal of political power among actors 

and in turn makes it hard to accomplish policy performance. The expected outcomes of policy 

implementation are intervened negatively by the governance costs derived from exogenous 

contexts. In such problem setting, more empowered actors who manage outward will have more 

impact on performance (O’Toole and Meier, 2013), which leads to a non-organization based 

hierarchical configuration of networks among actors. In their empirical study on five policy 

networks, Ingold and Leifeld (2014) demonstrate more specifically how such an external 

environments affect the uneven configuration of empowerment among network actors. With 

institutionally granted power, actors who have greater control in the exchange of most important 

information and resources are advantageous in performing final decision-making (Ingold and 

Leifeld, 2014). To the endogenous empowerment arrangement around actors, this institutional 

power intervenes the policy performance in accordance with exogenous environment.  

In conclusion, holding managerial traditions of formal structure of hierarchy, 

organizational studies address the gap between governance outcomes and policy performance 

through the intervening effects of network. Putting governance risks and costs outside 

organizational structure, governance outcomes affect policy performance as contextual factors. 
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2.3.3 Network as a Whole 

 

Although the position or empowered actor is important in organizational approach to 

networks it is often criticizes for methodological problems in the level of analysis (Lubell et al., 

2012).  Early organizational studies of networks focus on the network effects on individual 

performance and individual motives to form networks  (Provan and Milward, 1995). Using 

regression and other multivariate analysis, scholars demonstrate how network is intermingled 

with traditional performance management. However, positions measured by degree centrality 

and betweenness centrality may overestimate performance effects of a network, since 

autocorrelation among interdependent observation is not addressed effectively in the OLS based 

regression models (Lubell et al., 2012; Krackhardt, 1988). At individual level, dyadic relation-

based network effects violate the OLS assumption of independence of observations. To address 

the autocorrelation, influence effect model of network is identified to construct p* models to 

predict probabilities that actors in network make a choice of specific attribute in terms of 

maximum pseudo-likelihood (Robins et al., 2001). This methodological advance in network 

modeling has not been welcomed to organizational studies because it only tests influence effects 

of networks on binary outcomes (Lubell et al., 2012). 

Another criticism in measuring network effects on individual performance is 

multicollinearity in measures of network position (Lubell et al., 2012). Although the concepts of 

degree centrality and betweenness centrality are different in indicating positions in network, the 

measures of these two structural features are often correlated. For instance, a centralized position 

is expected to have both high degree centrality and betweenness centrality values in practice. In 

this case the network effect of centralized position on performance is overestimated. 

In this light, focusing on the outcomes of the network as a whole instead of individual 

outcomes can provide an alternative way to measure the effectiveness of network (Provan and 

Milward, 1995). Despite the methodological limitations, Provan and Milward (1995) open 

discussion that the overall well-being at the network level is ignored in the trends of network 

performance studies focusing on individual performance. By comparing the network 

performance at network level, this approach mitigates the methodological risks of autocorrelation 

and multicollinearity in measuring network positions at individual level.  
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CHAPTER THREE 

 

THEORETICAL FRAMEWORK 

 

3.1 Collective Action Dilemmas in Metropolitan Governance 

 

3.1.1 Heterogeneous Preference Distribution in Collective Action 

 

The fiscal resources of the local government and the wealth and income of its residents 

are among the indicators of the capacity of local governments to support residential demands for 

services (Carr, LeRoux, and Shrestha, 2009). Capacity to manage demand can be unevenly 

distributed across a region.  Likewise, the demands placed on the local capacity to expand 

services and adequately meet the expectations of existing and potential service recipients across 

metropolitan areas are far from evenly distributed. Reconciling divergent needs and capacity 

among governments can pose significant coordination problems. 

In this light, matching the scale and coerciveness of collaboration in metropolitan area 

has been crucial in addressing ICA dilemmas where authority, resources and power are unevenly 

distributed among autonomous organizations (Feiock and Scholz, 2010; Feiock, 2013; Shrestha 

et. al., 2014). Although early studies on regional governance focus on how the similarity-based 

mutual activity contributes to mitigating transaction costs among fragmented actors (Ostrom, 

1990; Ahlbradt, 1973; Downs, 1994), this work does not adequately explain why and to what 

extent heterogeneous actors in metropolitan areas bear the high cost of coordinating 

collaboration. Some cities have a more diversified economic base and greater potential for future 

development than neighboring jurisdictions, which leads to increased of transaction costs when 

contractual conditions change. 

With a heterogeneous preference distribution, homophily effects are supposed to be 

crucial in network formation. Sociological studies confirm that people tend to interact more with 

similar others (McPherson and Smith-Lovin, 1987). This skewed preferential tendency is also 

widely observed in governance studies (Feiock and Scholz, 2010; Berardo and Shcolz, 2006; 

Andrew, 2006). When cities are similar, a concept referred to as community homphily, it reduces 

the costs of coordinating agreements and division of gains from an agreement because cities have 
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similar preferential bases such as racial or economic structural conditions (Feiock and Scholz 

2010; Lubell, 2004). In this light, the homophily effect is hypothesized that cities with similar 

socio-economic conditions such as similar size of population, similar configuration of race 

groups, and similar portfolios of local economy tend to join mutual agreements to address 

common problems.  

Also, socio-economic proximity mostly based on geographical proximity is considered in 

network formation. Although metropolitan areas are not legally bounded for public service 

delivery or political actions, cities and counties in the same metropolitan area often share the 

socio-economic platforms such as utility and public transportation service infrastructures. For 

instance, core urban areas and adjacent sub-urban areas in the same metropolitan area are 

supposed to be functionally cooperative when residents commute between areas and pay their 

fees for shared infrastructure. Lee (2011), in her dissertation, empirically demonstrates that cities 

are much more likely to form an interlocal network with cities in the same county.  

 

3.1.2 Resource Scarcity in Collective Action 

 

The institutional approach in collective action provides a context to understand the 

complicated mechanisms through which collective action dilemmas are resolved among 

heterogeneous actors.  Resource dependency theory extends the focus in collective action 

dilemmas into the triggered moment of dilemma change conditional on resource scarcity. From 

the view of resource dependency theory, resource scarcity in government action is highly 

associated with the extent which a city/county will pursue the strategic alliances with others who 

hold an advantaged niche or position in the network, which can be material (financial resources, 

information and knowledge, and personnel, for example) or nonmaterial in nature (such as 

legitimacy of the organization’s goals and symbolic power or prestige) (Berardo, 2009). 

Given the uneven distribution of community characteristics, it comes as little surprise to 

observers of local government that cities actively attempt to secure additional resources to fill the 

gap between increasing citizens’ demands and governmental service capacities. This activity is 

especially ubiquitous in the economic policy area including green economic development. A 

city/county can more easily reach its goals when it taps other actors in the strategic allies for 

useful resources. For instance, co-provision of public services in police and fire control services 
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has been widely observed, which mitigates adjacent cities and counties’ fiscal and personnel 

burdens to provide the demanded services. 

Fiscal stress that the local government confronts is one of the strongest motivations to 

search for alternative revenue sources (Kim et al., 2009; Bailey, 1991). Resources available to 

local government shape the underlying collective action problem by shifting the power balance 

among potential partners, which makes a difference in consideration of transaction costs. Carr 

(2006) suggests for example that cities with more resources at their disposal can demand more 

from participants in an agreement as they are in a stronger bargaining position. Cities and 

counties in higher level of fiscal stress actively engage in networking with more resourceful 

partners, since the economic distress generates more political pressure on government to do 

something (Feiock and Clingermayer, 1986; Sharp, 1991). When local economy confronts 

relatively common problems of resource scarcity, such as attempting to expand existing 

programs or fund new initiatives with limited financial resources, cities and counties with higher 

level of fiscal stress are more active in forming networks than others with low level of resource 

scarcity. 

Another aspect indicative of resource scarcity is dependency on external resources, which 

affects a local government’s strategic decisions and its autonomy in forming partnerships 

(Aldrich, 1976; Dyer and Singh, 1998; Oliver, 1990). While fiscal stress indicates horizontal 

transaction costs among local governments in network formation for additional resources, 

dependency on external resources refers to vertically imposed transaction costs in forming 

networks. As local governments make up their revenue from federal and state governments, 

cities and counties trade off their autonomy, to some extent, in spending budget along with their 

own priority. To meet the local service demands, local governments highly reliant on external 

revenue sources search for additional resources through strategic allies. 

More importantly, resource dependency theory implies that collaboration among cities 

and counties can be generated where resources become scarce and unevenly distributed due to an 

environmental change or shock (Peffer and Salancik 1978). The level of fiscal stress and 

dependency on external resources indicate how vulnerable local governments are to such an 

exogenously driven environmental change. The needs for strategic allies to mitigate the risks in 

resource search are more desperate for local governments with fiscal stress and higher 

dependency on external resources than others with less vulnerability in fiscal capacities. This 
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hypothesis can be extended to similarity effects of resource scarcity on forming resource search 

networks. That is, cities and counties with similar conditions of resource scarcity are more likely 

to strategically ally together for alternative resources than with heterogeneous others.   

 

3.1.3 Changing Dilemmas in Metropolitan Governance 

 

Although cities in metropolitan areas form a governance structure of networks to address 

the ICA dilemmas in the face of heterogeneous preference distribution and resource scarcity, the 

question of why such networks change over time and what the changes mean for the underlying 

ICA dilemmas has not been studied. Apparently the existence of current collaboration among 

cities indicates the endogenous outcomes that cities have been developing together to reduce 

transaction costs among them. That is why most cross-sectional network studies hypothesize that 

factors representing transaction costs are stabilized by a history of repeated exchanges among 

cities. Indeed, most socio-economic conditions of cities are assumed to change only marginally.  

Resource dependency implies that collaborative activities among cities change when 

external environments change (Peffer and Salancik, 1978). As suggested by Galaskiewicz 

(1985), the needs of an organization and its dependencies on others change in accordance with 

the environment in which it is embedded. When external environments change, organizations can 

shift their operating procedures and governance structures to secure additional and different 

resources and stabilize their environment that is shocked by an external event. The global crisis 

in 2007, revealed communities vulnerability to such an exogenous event, leading cities to 

terminate existing projects. In addition to the individual efforts to stabilize the environment, 

cities seek additional and different resources such as federal stimuli funds, which is supposed to 

change the existing networks among cities.  

Even in the network approach, little attention is paid to the exogenously driven network 

changes. Time-serial network models are the extensive version of cross-sectional models, which 

assess how the actor attributes or positions affect the formation of networks with other actors in 

the time sequence of t and t-1. More specifically, comparing two cross-sectional network data at 

each time point of t and t-1, the stochastic model calculates the simulated propensity for an actor 

to make a choice of selecting partners in time point t (Robins et al., 2012). Methodologically, 

although the stochastic network modeling assesses the endogenous changes of networks, it can 
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be easily adapted to employ the external event as actor’s attributes are employed in the model. 

Just as attributes, mostly homophilous attributes in networking, affect the cities’ decision to sign 

an interlocal agreement with each other, external resources (scale of federal funds received for 

example) are supposed to affect the cities’ choice of network formation.  

Exogenously driven network change implies the change in ICA dilemmas and the 

emergence of new game among actors to negotiate the transactions costs. In a stable 

environment, endogenously developed attributes such as size of population and wealth of 

community reduce transaction costs and networking among heterogeneous cities is convergent or 

homophilous. However, in a changing environment, the existing network as a resolution to the 

ICA dilemmas may not be adequate as the game set changes. For instance, the impact of 

economic crisis varies with vulnerability of each city to the external shocks, different industrial 

structure results in different damage to local economy for example, which changes the position 

and preference of each city in networking. In the same way, a short-term federal stimulus such as 

the Energy Efficiency and Conservation Block Grant also open the opportunity for cities to 

change the existing networks in accordance with the change of transaction costs with other cities. 

In terms of resource scarcity, a large instant federal stimulus is supposed to be more effective to 

local governments with higher level of resource scarcity in network change than others. In 

responding to the dilemma change, network structure adjusts with cities’ efforts to stabilize the 

environmentally imposed punctuations and to seek the next phase of stable equilibrium.  

 

3.2 Mitigating Risks through Network Structure 

 

3.2.1 Structural Response to the Risks 

 

Managing risk has emerged as a major focus area of research on the development and 

maintenance of collaborative institutions (Carr and Hawkins, 2013). Within this line of inquiry 

the structure of networks functions as a mechanism to mitigate the transaction costs associated 

with coordinating agreements, dividing benefits and costs, and enforcing and monitoring 

agreements (Berardo and Scholz, 2010; Andrew, 2009). While the resources provided to local 

governments through EECBG may enhance the capacity to undertake development projects, it 
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alters the risks associated with collaboration. This section discusses how the specific 

configurations of networks emerge to mitigate these changing risks. 

 

3.2.1.1 Strength of ties: coordinative or cooperative  

How do cities guard against defection and mitigate risk? Berardo and Sholz (2010) argue 

that the nature of risk associated with collaboration will shape the structure of network 

relationships. They refer to this as the “risk hypothesis”, in which certain network structures will 

emerge as a mechanism to guard against risks imposed by collective action problems. As the 

nature of risk changes over time, actor’s preferences for selecting partners also evolve. Different 

network structures are expected to emerge depending on whether the scenario is in a low-risk 

coordination dilemma or a high-risk cooperation dilemma. Both draw on social capital as a key 

feature of how networks mitigate collective action dilemmas, but are different in how the 

structure of a network can resolve transaction risk in exchange relations among cities.  

Coordination dilemmas are primarily about a lack of information and a need to access 

information in a reliable and stable manner. Coordination problems arise when local government 

attempt to organize inter-jurisdictional activities. Emergence of a sparse network structure has 

been advanced to explain information transfers (Andrew, 2009). When cities confront 

coordination risk, actors (in this case cities) will seek bridging network structures. In this 

structure extensive “weak ties” and centralized brokers will be highly valued. The network 

structure emerges around a few highly centralized actors and peripheral actors are either directly 

tied to the core members of acting independently. In low-risk coordination dilemmas where 

efficiency of information exchange reduces costs in network, actors tend to extend their tie to 

alter with high level of popularity within the overall network.   

When cities confront a cooperation dilemma, where the potential for defection poses risk, 

dense and overlapping networks reduce monitoring costs and enhance credible commitments. 

Andrew’s (2009) research on service collaboration suggests local governments form tightly 

clustered networks when facing high-risk collaboration. He finds that certain network relations 

are established to guard against defection problems (cooperation risk). A tightly clustered and 

reciprocal structure is associated with high-risk cooperation and dilemmas related to defection. 

When social ties are strong, defection risk is lower, and thus cities will create networks that 

minimize the potential for opportunistic behavior and reduce the monitoring and enforcement 
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costs of collaboration. More specifically, tightly clustered social networks encourage trust by 

increasing information about partners, helping to reduce the costs of enforcing and monitoring 

informal and formal agreements (Feiock et al., 2010).  

The implications for opportunistic behavior are greater if partners in an agreement make 

significant contributions, financial and otherwise, so that when a partner reneges on an 

agreement it can cause major setbacks. As uncertainty and complexity of resource exchanges 

increases, local governments are more likely to form networks with “partners of their current 

partners” or a more close knit structure to reduce risk, in particular to mitigate credible 

commitment problems. In other words, partners are purposefully chosen so that a highly dense 

network structure emerges to reduce the potential for shirking (Coleman, 1988). Social capital 

theory suggest that dense network of reciprocal relations can solve problems when credible 

commitment is of concern because cohesive relations bolsters mutual obligation and trust in 

exchanges and create bonds of mutuality (Putnam, 2000; Coleman, 1988). Andrew and Carr 

(2013) refer to this as the bonding hypothesis in their study of emergency management networks.   

Based on the risk hypothesis, this research argues that changes in the structure of 

exchange relations among local governments to be a function of the increase in risk of 

collaboration when cities’ resources are changed from stimulus funding. As a city receives more 

stimulus funding, it alters the availability or resources across a region and further changes the 

preferences of local governments. More specifically in terms of green economy, it is expected 

that stimulus funds are awarded for small application or facility projects it shifts green economic 

development activities to a coordination game in which actors choose partners to gain efficient 

information. Where funds are targeted to large scale or regional scale green economic 

development projects it shifts development to a cooperation game in which actors choose actors 

to build commitment and avoid defection. In this scenario, a dense and tightly clustered network 

relationship will emerge to reduce shirking and enhance credible commitment (Berardo & 

Scholz, 2010).  

 

3.2.1.2 Hierarchy in ties: consolidated or horizontal 

While the risk hypothesis provides an applicable framework to explore the network 

structure associated with relational risks, it is limited to explain how cities change their network 

structures in response to external risks in changing environment. The nature of environmental 
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risk enables local officials to engage in different types of interlocal relation. As the nature of 

risks shifts from localized issues to more complex and broader problems, regional governance 

tools needed vary from autonomous informal policy network to centralized formal decision 

authority. Consolidation is preferred when cities have to rely on exogenous resources or higher-

level authority in order to address complex dilemmas, whereas decentralized horizontal relations 

are preferred when embedded social, economic, and political relationships are effective in 

solving local problems. 

In a stable environment where localized issues are the concern of collaboration, 

horizontal relations are preferred among cities (Hawkins and Andrew, 2011; Feiock, 2009). 

Because environmental risks are predictable or manageable, cities are motivated to build trust 

and norms of reciprocity instead of relying on formal authority (Gulati, 1999), which increases 

endogenous resources in local community. In this horizontal arrangement, social capital 

embedded among cities enables to create a web-like network structure to mitigate transaction 

costs in collaboration (Hawkins and Andrew, 2011; Feiock, 2009). Transivite triadic network 

structures developed horizontally provide an effective mechanism in monitoring and 

enforcement to resolve potential defection costs (Hawkins and Andrew, 2011; Andrew, 2005; 

Feiock, 2007). 

When cities confront broader and more complex problems, they rely more on vertical 

relations with the third party or formal authority to resolve coordination dilemmas (Feiock, 2009; 

Andrew et al., 2013). Environmental risks often exceed the capacity of individual cities and 

endogenously developed collective action, so cities seek more centralized network structures to 

delegate the part of their authority to deal with uncertainties in environment at collective level. 

The credible actor is empowered with higher decisive authority in coordination and with credible 

access to exogenous resources and information. Although most ICA literature focus on the legal 

level of government structure as an indicator of consolidation (Andrew and Hawkins, 2013; 

Andrew, 2010; Feiock, 2009; Hawkins and Andrew, 2011), even at the same level of government 

structure consolidated network can be developed as capacities among cities are heterogeneously 

distributed. For instance, the center city in each metropolitan area might take a centralized 

position if the city develops greater socio-economic infrastructure than surrounding areas, so that 

the city can easily reach the external funding sources or leverage power in negotiating with 

higher level of governments. 
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The concept of generalized selection presented by Robins (2009; 2015) provides a 

testable framework for applying the concept of hierarchy in ties to the network approach. In his 

study on covert networks (2009), Robins focuses on the quality of actors in configuring network 

structure. Robins argues that individuals who have particular or advantageous attributes tend to 

seek particular network position instead of dyadic network partners. The concept of structural 

hole (Burt, 1992, 2001) is frequently quoted to explain the importance of position in network 

formation (Robins et al., 2012). Betweenness centrality and degree centrality are used to measure 

the structural position in networks (Robins, 2015). 

Based on the concept of generalized selection, this research argues that the nature of 

environmental risks affects the hierarchical structure in networks. In more complex and changing 

environment, cities with more available resources will take a centralized position with high 

centrality. Rather than simply expanding horizontal networks that increase transaction costs in 

uncertain environment, those cities tend to manage small direct links with reliable partners and 

large indirect links with peripheral actors, which create broker positions in hierarchical structure. 

In stable environment, however, as localized issues are addressed in collaboration, embedded 

relationships over time reduce transaction costs in expanding horizontal networks, which reduce 

indirect links with maintenance costs. 

 

3.2.1.2.1 Eigenvector centralization at the level of network as a whole In measuring 

hierarchy of structure, this research employs the eigenvector centralization as a measure of the 

hierarchical structure in network as a whole. The hierarchical network structure is featured by the 

presence of a centralized position and diverse ranked positions. In this set of network structure, 

cities tend to extend their links more to influential and highly popular other cities than to less 

influential and less-connected ones, which develops the hierarchical structure in network.  

While the degree centralization indicates which actors possess the important position in 

the network, the concept is limited in counting only direct links to (or from) an actor so that it 

cannot show the extended structure through indirect links to the centralized position. Although 

the betweenness centralization provides an insightful way to explain the positional influences in 

network, as Lubell et al. (2012) argue, the measure of betweenness centralization is still 

problematic. Although conceptually the betweenness is strong in explaining ranked position in 

information exchange (Freeman, 1979), practically and methodologically it does not provide a 
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unique explanation of the position different from that of centralization (Lubell et al., 2012). For 

instance, any cooperative structure of network is measured as high level of betweenness 

centralization, even when the network is formed as horizontally among cities.  

In this light, this research focuses on the extent of difference between degree 

centralization and eigenvector centralization as a measure of hierarchical structure of network as 

a whole. In practice, high level of eigenvector centralization is highly associated with high level 

of degree centralization, which generates non-exclusiveness in measure of coordinative structure 

and consolidated structure of network. Therefore, the ratio of the eigenvector centralization to 

the degree centralization at network level measures hierarchy in network structure3. In this 

measure, greater ratio of eigenvector centralization by degree centralization indicates a more 

hierarchical network structure. If the ratio is greater than 1, it indicates a consolidated network 

structure. 

 

3.2.1.2.2 Generalized eigenvector centrality at the individual level At the level of 

individual nodes, this study measures the relative influence of a node in a network through the 

generalized eigenvector centrality, focusing on the strong tendency of relationship between 

authoritative information sources and well-connected hubs. The concept of the generalized 

eigenvector centrality assumes that an important node is connected to important neighbor, which 

allows the ranks in accordance with positional power. In their big data analysis on the 200 

million page web sites, Broder et al. (2000) demonstrate not all websites are connected directly 

to the giant strongly connected component (SCC) but construct a kind of “bow-tie” images with 

multiple hub pages around the authoritative information source (SCC). In other similar study on 

the ranked hyperlinks, Kleinberg (1998, 1999) develops the algorithms to test the relevance of 

web site as an authoritative information source and a hub, extending the eigenvector centrality 

into the authority centrality and hub centrality. This well-known Hyperlink-Induced Topics 

Search (HITS) algorithm is widely used in the search engines such as Google’s PageRanks to 

provide the best answer in criteria of both popularity and credibility. 

Although in directed agent X agent links in network conceptually the in-going authority 

centrality is distinguished from the out-going hub centrality, Kleinberg (1998) demonstrates that 

                                                
3 If the ratio is between 0 and 1, it indicates that the network structure is less hierarchical. Otherwise as the ratio is 

greater than 1, the network structure is more hierarchical. 
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the relations between these two centralities are rather recursive. In other word, the best hubs tend 

to point to the best authorities, so that nodes can be both hubs and authorities in the repeated 

manners. Further, in undirected links as assumed in this research, the effects of authority 

centrality and hub centrality are converged. Therefore, in this research, the measure of 

generalized eigenvector centrality is employed to explain the individual hierarchical positions in 

network.  

 

3.2.2 Structural Patterns in Network Change 

 

A change in the ICA dilemmas influences network structure by creating new 

opportunities and incentives for policy interactions (Lubell et al., 2012). In responding to 

different level and nature of risks, each network structure is supposed to provide different access 

to embedded resources (Robins et al., 2012; Lin, 1999). On the one hand, as is studied in policy 

diffusion process (Coleman et al., 1966; Mintrom and Vergari, 1998), cities in metropolitan area 

utilize the differences in groups and networks to minimize the transactional risks in relationships. 

On the other hand, as the positions shape different political powers in network (Knoke 1990; 

Laumann and Knoke, 1987), cities seek leverage to balance between the local autonomy and the 

environmental risks. Based on the level of relational risks and the nature of environmental risks 

described above, a 2 X 2 matrix of network structure is advanced in Table 3.1. Four different 

structures are identified in accordance with the relational and environmental risks actors 

confront. 

The following sections describe the four different network structures that are illustrated 

graphically with thirteen nodes. Each link between any two nodes is undirected (i.e. 

reciprocated).  Each node is assumed to have at least one link with other nodes4. In any link, 

information or resource exchange circulated through the link is assumed to mitigate ICA 

                                                
4 This assumption generates a fully connected network in which any node can be reached from any other node. At 

the same time, adding, remaining, and even breaking a link to others is assumed to be costly, which implies that any 

actor in network does not like adding unnecessary link at the sake of additional costs. The assumption implies that 

actors are forced to collaborate with others for common problems otherwise it could not reach the resolution. Also, 
actors are allowed to change their current partners in regard of opportunistic costs for potentially better outcomes. 

As a result, current network structure is supposed to be an optimal resolution for the common problems regarding 

given available resources and expected costs, which enables to avoid the hypothetical pitfalls of network dissolution 

either when risks are extreme beyond the certain point of endurable costs or when available resources are sufficient 

not to network with others. The function of network dissolution is left for future research at this moment. 



 
 

33 

dilemmas potentially, which results in specific patterns of exchange. Building from the theory 

above, we draw distinctions between strength of ties and hierarchy in ties. While relational risks 

can be mitigated through changing direct relationship among potential actors, environmental 

risks extend structural response into indirect relationships.  

 

 

Table 3.1 Network Structure in Mitigating Risks 

 
Nature of Environmental Risks 

Complex and Broader Stable and Localized 

Level of 

Relational 

Risks 

High 
Windmill Structure 

: Consolidated and Cooperative 

Web Structure 

: Horizontal and Cooperative 

Low 
Knot Structure 

: Consolidated and Coordinative 

Wheel Structure 

: Horizontal and Coordinative 

 

 

3.2.2.1 Wheel structure: horizontal and coordinative 

When cities confront relatively low relational risks in stable environment, cities seek to 

address ICA dilemmas horizontally and coordinately through networks. This type of network 

structure is most frequently observed and preferred in the metropolitan governance (Feiock, 

2009). When county or a city with county seat plays as a primary actor in coordinating 

countywide issues over time, individual cities are left unlinked each other and keep the direct 

relationship with the county or the primary city. The wheel structure shows an efficient structure 

where N-1 links cover the whole network, if it is clear who has credible information sources. As 

every city forms a direct link to the credible city horizontally, the confronted local problems can 

be resolved at the low cost at both the whole network and individual level.  

As the Figure 3.1 shows, all nodes except the centralized position have a single link with 

the most popular node. At network level, structural properties of high degree centralization 

(1.00) and no transitivity effects (0.00) indicate that the network is featured as coordinative 

structure in response to relational risks. Also, though the network has indirect links around the 

centralized actor, the ratio of eigenvector centralization by degree centralization (0.776) indicates 

that this network is horizontally structured to deal with localized risks in stable environment. 
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This kind of wheel structured (horizontal and coordinative) network is utilized for exchange of 

efficient information around localized issues. 

 

 

Table 3.2 Network Statistics (Wheel Structure) 

 Density Link 

counted 

Degree 

centralization 

Eigenvector 

centralization 

Transitivity 

Value 0.154 12 1.000 0.776 0 

 

 

 

Figure 3.1 Visualization of Wheel Structure Network 

 

 

3.2.2.2 Web structure: horizontal and cooperative 

The web structure network is another popularized pattern of collaboration in metropolitan 

areas. At a glance, the structure in Figure 3.2 looks inefficient because each link imposes some 

maintenance costs.  There is no obvious single city/county who is more advantageous in credible 

information or resources than others. In such increased relational risks, network is extended only 

through direct links among cities/counties, since the concerned issue is still localized. Embedded 
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resources over time network relations less costly. For instance, in case of multi-lateral 

agreements for cross-jurisdictional utilities and infrastructure, cities and counties have been 

developing such a web-like governance structure.   

At network level, as there is no single centralized actor, degree centralization as 

indicative of coordinative structure is zero, whereas transitivity indicating cooperative structure 

is as high as one. Also, as the network is composed of only direct relationships, eigenvector 

centralization is also zero. In this pattern of horizontal and cooperative network, dense and 

overlapping relationships are allowed to reduce monitoring costs and to enhance credible 

commitments, while the concerned issue is still localized. 

 

 

Table 3.3 Network Statistics (Web Structure) 

 Density Link 

counted 

Degree 

centralization 

Eigenvector 

centralization 

Transitivity 

Value 1.000 78 0 0 1.000 

 

 

 

Figure 3.2 Visualization of Web Structure Network 
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3.2.2.3 Knot structure: consolidated and coordinative 

When actors in collaboration confront complex and broad environmental problems such 

as countrywide economic issues on a new regulatory platform mandated by federal or state 

agency, knowledge and procedures suited for addressing localized problems may not be 

adequate. In response to uncertainty and complexity in external risks, actors need to either search 

for links with new influential actors close to niche or break up redundant relationships to reduce 

unnecessary network costs if relational risks are still low and manageable. 

The knot type of network structure is essentially an extensive pattern of the wheel typed 

network structure, which adds more indirect links instead of direct links. Cities have less 

incentive to absorb the cost to add a new link to less influential and less connected cities that are 

supposed to have less access to credible information. Rather, influential cities with resources and 

credible information tend to extend links with more credible partners in a conservative manner. 

Therefore, less influential and less connected cities may have to be satisfied with indirect links to 

the authoritative information sources through hub cities. 

With the concept of eigenvector centralization measuring hierarchical position and power 

in network structure, the knot structure takes the form of crossed lines with multi-knots (Figure 

3.3). In the coordinative structure (0.212 value of degree centrality and 0.00 value of trasivity), 

relational risks are controlled effectively as long as cities are satisfied with the efficiency and 

credibility of information exchange (Table 3.4). The emerging problems cities confront come 

from the changing and complex environment. The high ratio of eigenvector centrality to degree 

centrality (2.896) shows that cities endure the restriction of autonomy in relationship, to some 

extent to reduce the increased costs derived from external uncertainties.  

 

 

Table 3.4 Network Statistics (Knot Structure) 

 Density Link 

counted 

Degree 

centralization 

Eigenvector 

centralization 

Transitivity 

Knot 0.154 12 0.212 0.614 0 
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Figure 3.3 Visualization of Knot Structure Network 

 

 

3.2.2.4 Windmill structure: consolidated and cooperative 

It is reasonable to anticipate that an environmental shock also triggers heterogeneity in 

relational risks among actors that has been absorbed in embedded resources over time. As 

increased complexity and uncertainty from environments overrun the endogenously developed 

capacities to manage the relational risks such as defection risks, cities act opportunistically to 

gain short-term benefits. In response, cities adjust their network to a more cooperative structure 

to mitigate high relational risks, while they keep the consolidated network structure in risky 

environments.  

In the resulting windmill network structure cities construct consolidated and cooperative 

structures within their network. As Figure 3.4 shows, a centralized city manages information and 

resource exchange only with well-connected hub cities, whereas hub cities make closed clusters 

to control defection and ensure information credibility. High degree of trasitivity (0.462) 

indicates that cities form a cooperative structure to address high level of relational risks, whereas 

high level of the ratio of eigenvector centrality to degree centralization (2.572) shows the 

consolidated structure to respond to complex environmental risks (Table 3.5). Compared to the 

web type of network structure, cities in higher hierarchical position can better access to more 

credible information and resources with less costs than less influential cities in network. 
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Table 3.5 Network Statistics (Windmill Structure) 

 Density Link 

counted 

Degree 

centralization 

Eigenvector 

centralization 

Transitivity 

Windmill 0.205 16 0.152 0.391 0.462 

 

 

 

Figure 3.4 Visualization of Windmill Structure Network 

 

 

3.3 Managing Performance through Network Changes 

 

Despite the importance of network effectiveness, measuring the network performance 

remains methodologically challenging. Performance measurement in public policy is generally 

problematic (Provan and Milward, 1995). Moreover, actual assessment of network effectiveness 

at an individual level is challenging because autocorrelation and multicollinearity in measures of 

network positions (Lubell et al., 2012). 

This section describes how policy performance is identified and measured for 

metropolitan green governance. Then, this section explores how to assess the network effects at 

the individual level and for the overall green economy at the network level.  
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3.3.1 Policy Performance in Metropolitan Green Economy 

 

Despite long debates on performance management in the public sector, there is no 

consensus on how to identify and measure the performance itself. In addition to the difficulties in 

converting costs and benefits of performance into market prices (LeGrand, 1991), multiple goals, 

often in conflict (McGuire, 2002) are assessed by multiple principals (Dixit, 2002). Scholars 

argue that these difficulties in measurement cause paradoxes in performance management in 

public sector (Propper and Wilson, 2003; Thiel and Leeuw, 2002), which makes assessment of 

outcomes of performance management in public sector difficult. 

At the level of policy or government activity, performance measurement raises different 

problems at the organizational level. Although it shares some parts with debates on 

organizational performance measurement (Tao and Feiock, 1999), the scope of performance 

measurement at policy level is usually beyond control of individual managers or inputs. The 

outputs and outcomes of policy are legitimated in different waysMeasuring performance 

especially in specific government activities such as economic development is reliant on the 

specific program definition and goals (Bartik, 2004; Linblad, 2006). For instance, Bartik (2004) 

measures job growth in manufactures and other export-based firms as a targeted performance 

indicator for economic development programs.  

The green economy focuses on several issues of performance measurement with 

economic development policy. Job creation has long been a principle performance to be 

accomplished in economic development policy (Wolman and Spitzley, 1996). Most programs 

provide a clear goal statement of job creation, which renders measurable platform for 

performance assessment if it could be measured appropriately. In green economic development, 

for instance, the federal Energy Efficiency and Conservation Block Grant (EECBG) provides a 

goal definition of green job creation.  

Job creation is a top priority in government activities, through which both political and 

economic institutions are legitimated (Tiebout, 1956). Economic development goals focus is on 

stimulation of business investment and attraction to create and retain employment in local 

community (Ambrosius, 1989; Berman and Martin, 1992). For green economic development, the 

goal is to produce green goods, provide green services, or add value to such green products, 

which generates environmental benefits of using more energy innovative and efficient 
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technologies and skills with less natural resources to reduce pollutions and to protect ecological 

system. 

 

3.3.2 Policy Impacts on Metropolitan Green Economy 

 

3.3.2.1 Fiscal capacities of government 

In the green economy, cities directly invest in renewable projects including funding green 

building construction or installing electric car charging stations, or indirectly support the green 

economic activities including tax incentives for consuming renewable energy or energy efficient 

appliances, which stimulates the creation of related jobs and industries (Center for American 

Progress, 2008). All these economic activities are highly associated with government capacities 

in fiscal aspects particularly. How much and actively cities and counties invest green economic 

development depends on their budget structures. 

In practice, however, it is hard to figure out the green economic government activities at 

a glance. On the one hand, in government and budget structure, the green economy is not 

identified as a single categorized activity. As Krause (2011) demonstrates in her case of Indiana 

cities’ efforts in sustainability, a majority of cities in pursuit of sustainability as a targeted goal 

lack substantive actions including staffing experts and budgeting sustainable programs. In the 

same line, the ICMA sustainability survey in 2010 also shows that only 15.6% of 2,176 cities 

provides a budget specifically for the sustainability efforts. On the other hand, survey-reliant 

methods are limited in building reliable time-serial data for green economic government 

activities. For instance, the ICSD data employed in recent research on government organization 

for sustainability (Krause et al., 2014) only provide relatively recent data. 

This measurement limitation is addressed with a proxy variable of government 

expenditure on economic and physical environment. In the broader sense of economic activities, 

government expenditure on economic environment includes the green economic activities, 

whereas expenditure on physical environment is spent on more specific infrastructure in green 

economy such as utilities. Therefore, cities spending more expenditure on economic and physical 

environment are likely to be advantageous in creating more green jobs than other cities.  

In addition to the expenditure sided government capacities, fiscal stress is another 

indicator for measuring fiscal capacities of local government in the green economy. On the one 
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hand, as economic distress generates more political pressure on government to do something 

(Feiock and Clingermayer, 1986; Sharp, 1991), fiscal stress pushes government to create jobs to 

balancing budgetary gaps. On the other hand, high fiscal stress itself indicates that the 

government is highly active in facilitating local economy. 

 

3.3.2.2 Exogenous policy input 

Federal grant-in-aid programs have been playing a critical role in incubating emerging 

industries and related policy arenas such as green economy. For instance, a long history of U.S. 

energy transitions shows how effectively the federal subsidies have been supporting the 

emerging energy from timber and coal in the 1800s to renewables today (Pfund and Healey, 

2011). In such an incubating period of industry, federal aid programs are justified with 

minimizing negative externalities from dominant industries or related policy arenas (Hymel, 

2006). For example, price discrimination in the market is amended to protect the emerging 

industries through federal subsidies such as tax redemption or direct payment for price 

discrimination. Although most federal or state originated fiscal supports are agglomerated into 

government expenditure in municipalities, some immediate and intensive federal programs such 

as EECBG are purposed to stimulate and transform local economy as an exogenous force. From 

the perspectives of fiscal federalism, as a policy input, federal stimulus in fiscal resources has 

great impacts on local policy performance (Feiock and Scholz, 2010). In this light, cities 

awarded with such federal stimuli are likely to create more green jobs than otherwise. 

 

3.3.3 Network Effects on Metropolitan Green Economy 

 

3.3.3.1 Network effects at individual level 

This research focuses on the network effects creating difference in green job creation 

among local governments. The basic assumption here is that adding, retaining, or even breaking 

networks is costly. For instance, in their study on interlocal collaboration for federal grant 

awards, Bickers and Stein (2004) indicate that aside from diverse local demands on federal 

assistance, application to all federal program requires costly processes to both applicants in 

collaboration. Shepsle and Weingast (1981) also point out that the economic costs derived from 

interjurisdictional collaboration in grant seeking can only be justified by created jobs within the 
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jurisdiction as the federal program is implemented. Networks through the interlocal agreements 

generate additional political and administrative costs to both parties that otherwise could be spent 

only for their taxpayers. The agreement on the co-production or co-provision of public services, 

for example, imposes the lock-in costs regardless of difference and change in local priority, 

while it reduces sheer costs in in-house production or provision of the public services (Orr and 

Bennett, 2012). Indeed, we often witness the news articles complaining the faithless and 

uncommitted partners in long-term agreement. Regarding the coordination costs of informing, 

monitoring, and defecting among heterogeneous network actors, such opportunity costs in the 

interlocal agreement may not be negligible. 

At the level of individual government, solely minimizing the coordination costs does not 

justify the network or networking with other municipalities. As Provan and Milward (1995) 

argue, a well-integrated network does not guarantee the excellence of individual performance. 

Again, at the level of individual government, the network through interlocal agreement can be 

justified with the policy performance attained through the agreement (Burt, 1992; Granovetter, 

1973). Although the application of measurement is simplified in regard of the development of 

theoretical hypothesis, in her recent paper, Youm (2015) demonstrates that interlocal 

collaboration measured by the membership of the ICLEI significantly contributes to the local 

green economy. In this light, the very first hypothesis in network effects on jurisdictional green 

economy is that cities in collaboration with other cities are likely to create more green jobs than 

otherwise. 

Although the coordination costs are incidental to the choice of networking among other 

policy options, imposed costs may be substantial to local governments. In ICA framework, 

Feiock (2009) articulates that contextual barriers derived from heterogeneity among actors 

generate the dilemma situation in cooperation. In such ICA dilemmas, the increase of transaction 

costs in informing, monitoring, and defecting partners may hamper the collaboration and in turn 

the effective policy implementation, through delay or even disapproval of contract process 

(Feiock and Jeong, 2002; Nelson and Moody, 2003). Moreover, imposing the coordination costs 

is not evenly distributed among network actors. The concept of positions or locations in network 

implies that influential cities with more effective access to resources and information can impose 

the coordination costs on other cities at their will (Ingold and Leifeld, 2014). Less influential 

cities may endure the imposed costs as selective benefits from the collaboration offset the 
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political pressure to do something about the economic distress (Feiock and Clingermayer, 1986; 

Sharp, 1991). In this light, cities in the highly centralized position are likely to attain better 

policy outcomes through network (with less cost) than otherwise. 

Network structures also change. Individual governments recognize such change as 

environmental risk regardless of whether it comes from relational change, from environmental 

change, or from both. To address the environmental risk changes, cities change the structure of 

networkto be more hierarchical (Feiock, 2009; Andrew et al., 2013). As the resource scarcity 

driven by exogenous events such as the global crisis impels cities to sacrifice some autonomy 

and join hierarchical network cities with higher position in the hierarchy are likely to gain better 

policy outcomes through network than other cities.  

These hypotheses imply that cities in a metropolitan green economy endure the 

coordination costs for networking at the marginal level to create more green jobs, which justifies 

the governmental activities in green economy politically and economically. However, imposed 

costs in coordination are heterogeneous in accordance with position in network and even change 

hierarchically as the ICA dilemmas change. 

 

3.3.3.2 Network effects at metropolitan level 

Although the network effects on green job creation at the individual level imply that 

network can influence funded cities’ policy performance, it does not mean that the network as a 

whole is effective in improving overall outcomes in metropolitan areas. To maximize the 

potential outcomes through policy implementation, uncertainties that arise from information 

inefficiency and resource unavailability can be minimized through the collective action (Bickers 

and Stein, 2004). In initial stages of networking where other types of risks and uncertainties are 

controlled, the search costs to examine the accuracy of information and availability of resources 

are the main concern among actors (Bickers and Stein, 2004).  

This conditional assumption of effectiveness of network is challenged as other types of 

risks change. As stated above, the structure of network changes in response to changes in 

relational and environmental risks. The structural patterns presented indicate the nature of risks 

cities confront and the configuration of collective action to address the risks. At the level of 

metropolitan area, for instance, consolidated and coordinative structure of network shows that in 

response to highly changing environment, cities sharing embedded norms and belief tend to 
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extend hierarchical structure focusing on information efficiency, which is supposed to provide 

better chance in green job creation than otherwise. Therefore, as relational risks increase, a 

cooperative network structure is likely to be more effective in green job creation than a 

coordinative one. Also, as environmental risks increase, a consolidated network structure is more 

effective in creating green jobs than a horizontal one.  

This development of structural patterns in network as a whole implies that the optimal 

structure is flexible to the change in the risks that cities confront. Also, the utility of network 

structure differs with the nature of risks, which means that specific network structure can only be 

justified through the outcomes of associated problem solving. Further, as the density of network 

indicates increased costs in addressing risks, the effects of network are intervening effects rather 

than in direct effects on policy outcomes. For instance, in the extreme case of web structure, it is 

expected that networking costs exceed the potential policy outcomes. Therefore, with the 

intervening effects, the effective network may not always guarantee the overall well being of 

community (Provan and Milward, 1995).  

  

3.3.4 Institutional Effects on Metropolitan Green Economy 

 

Institutional heterogeneity in metropolitan areas is supposed to have different influences 

on policy outcomes of green economy. Institutional assets that individual cities/counties have 

shaped over time make a difference in competitive advantages in green economic development. 

Population size is one of crucial factors shaping governmental capacities in the revenue sources 

and effective policy options for green economy (Wang et al., 2012; Krause et al., 2014). Cities 

with greater population are likely to be advantageous in creating green jobs than other cities. 

Other institutional factors such as age, gender, education level, race, and median household 

incomes are employed to test the socio-economic effects on policy outcomes in local green 

economy.  
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CHAPTER FOUR 

 

RESEARCH DESIGN 

 

4.1 Content Analysis in Network Approach 

 

4.1.1 Measuring Networks 

 

4.1.1.1 Nodes: unit of analysis 

This research identifies city and county governments within Florida metropolitan areas as 

the individual level units of analysis. Responsibility to create various types of cooperation with 

other local governmental units is delegated to these local governmental units. City and county 

governments are regarded as individual actors who make their own decisions for collaboration 

although in the real world such decisions are an outcome of more complicated and invisible 

processes with citizens, agents, and other stakeholders in community. The Florida Interlocal 

Cooperation Act of 1969 authorizes local governments to cooperate with each other to provide 

public services and facilities for mutual advantage in the needs and development of local 

communities (See below).  

… permit local governmental units to make the most efficient use of their powers by 

enabling them to cooperate with other localities on a basis of mutual advantage and 

thereby to provide services and facilities in a manner…accord best with geographic, 

economic, population, and other factors influencing the needs and development of local 

communities… (Fla. Stat. §163.01.) 

This research employs the definition of the Office of Management and Budget (OMB) to 

identify the metropolitan areas. The OMB defines a metropolitan statistical area (MSA) as a 

geographical region with high population density, which consists of an urban core area of at least 

50,000 population combined area with adjacent cities and counties. Although the definition of a 

MSA is neither legally bounded nor administratively effective, cities and counties in the 

metropolitan area are highly associated with each other by way of socio-economic conditions 

such as commuting ties. Per the definition, 19 metropolitan areas are designated in Florida (See 



 
 

46 

Figure 4.1), which consist of 40 counties and 325 cities and city equivalents including towns and 

villages5 (see the lists in Appendix A.).  

 

 

Source: U.S. Census of Bureau 

Figure 4.1 Florida Metropolitan Areas 

 

 

4.1.1.2 Links: formal vs. informal networks 

This research focuses on the formal networks in interlocal agreements among city and 

county governments in metropolitan green economy. Methodologically, the type of link, a formal 

or informal network, is differently defined and measured. First, formal networks in regional 

                                                
5 Originally, the number of cities in Florida Metropolitan Statistical Areas was 328. However, due to the lack of 

available demographic data, the three cities of Crawfordville, Sun City Center, and Youngstown are dropped from 

the final version of the MSA list. 
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governance are defined as a collaborative mechanism among local governmental units through 

which members accept and share liability in the form of mutual agreements or contracts. In 

governance study, formal networks are measured by legal or official notification documents and 

announcements such as interlocal agreements (Andrew, 2006), service contracts (Bae and 

Feiock, 2012), or joint ventures (Hawkins, 2009; Hawkins and Andrew, 2011). Second, informal 

networks in regional governance refer to the communication flows among local governmental 

units in specific issues, which are often based on shared norms or the professional backgrounds 

of individual agents within governmental units (Farris, 1979). The informal networks are 

measured by the notification of receivers in communication flows such as the list of relevant 

stakeholders with frequent contacts regarding specific issues (Lee, 2011; Scholz and Berardo, 

2010). 

In content analysis on networks, taking either formal or informal networks as a type of 

link makes a difference in the validity of network data. Since data collection in content analysis 

uses various media content as data sources, the validity of the data relies on the measurability of 

the data source (Construct Validity) to actually measure what it is intended to measure and the 

coverage of data source (Sampling Validity) is to ensure that the measurement covers all relevant 

information within key concepts in the study (Cronbach 1971; Cozby 2001). The construct 

validity can be ensured in formal network data when data is collected through the documents 

explicitly indicating interlocal agreements or contracts, whereas it is more complicated to 

measure the contextual concepts in informal networks. Further, data collection of informal 

networks in content analysis is often challenged by the availability of data when data sources are 

limited to publicly observable forms. Such sampling validity can be improved upon in formal 

network data because all forms of interlocal agreement are required to be announced to the 

public, which indicates that collecting data from the press, such as newspapers, covers all 

important information of formal networks. 

Formal networks are identified   through interlocal agreements as a type of link in 

metropolitan green economic governance. The Florida Interlocal Cooperation Act of 1969 

mandates the publication of notices of interlocal agreements in newspapers within the 

jurisdiction. 

…The notice required to be published by §75.06…Notice of such proceedings shall be 

published in the manner and at the time required by §75.06…in each county in which any 
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portion of any public agency participating in the electric project lies… (Fla. Stat. 

§163.01) 

…In actions to validate the bonds…the order shall be published in the same manner in a 

newspaper in each counties… (Fla. Stat. §75.06) 

Based on the mandatory publication of notices, this research collects its primary set of 

formal network data from newspaper articles with the key word phrase “interlocal agreement in 

Florida”. For instance, in 2000, 334 newspaper articles including the phrase “interlocal 

agreement” were collected from 91 newspapers and newswires in the AccessWorldNews (See 

Appendix B.), the online archive of newspapers. The method to construct formal network data 

from this primary set of data is described later in this section. 

 

4.1.1.3 Methodological applications in network analysis 

Content analysis is employed to extract relational information from texts. Content 

analysis has evolved into a computerized technique used to interpret and elicit meaning from 

contents in order to analyze the relevance of key words by measuring the frequency of the words. 

In network studies, automated content analysis techniques simplify the relational data from 

complex contexts of the real world, which is challenged in traditional methods of data collection. 

In particular, when dealing with big data such as mixed data of patients’ contact history with the 

infection route of pandemic diseases, this meta-analytic technique provides an effective way to 

grab the overall picture of a complex world through multi-mode networks such as which spaces 

or foods mediate the spread of diseases among patients; or through dynamic networks such as 

how fast the pandemic diseases spread and when the critical point of the spread occurs. 

Despite the increasing use of content analysis in network studies, little attention has been 

paid to the methodological comparison between the automated methods of data collection and 

the traditional ones, particularly with survey-based data collection (Yi and Scholz 2015). Carley 

et al. (2007) argue that traditional methods for data collection such as survey instruments or 

interview recordings are methodologically limited to small sample sizes, mostly due to labor-

intensive, time-consuming, and costly procedures. Although Carley and her colleagues point out 

the validity problems in the traditional way of network data collection, computer-supported 

techniques in survey methods improve the quantity problems effectively. Moreover, in terms of 

validity of data collected, if well managed and designed, the survey methods are the most 
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intuitive and accurate way to reach the real networks. For instance, with the assumption that 

respondents fully understand the topic, the notification of relevant actors directly constructs valid 

network data in economic development policy (Lee, 2011) or watershed policy (Scholz and 

Berardo, 2010). 

Survey-based methods are limited in the quality of data collection and sometimes lack 

reliability. Although survey methods can ensure the internal reliability of data using the split-half 

method,6 most survey-reliant network data is limited in external reliability. There is no guarantee 

that the same two survey questionnaires sent over a period of time to the same respondents can 

generate consistency between the two sets of data, which undermines the test-retest reliability of 

data. For instance, although we can test and improve the internal reliability of network data 

collected 10 years ago, methodologically it is impossible to replicate the data consistently. 

Moreover, the survey-reliant network data is time sensitive and limited in time serial analysis of 

network change (Knoke and Yang, 2008; Wasserman and Faust, 2009). For instance, in studying 

network changes in metropolitan green economy from 2000 to 2011, if we only have survey data 

for 2002, there is no way to generate the missing data reliably and even to test the reliability of 

the data of 2002 as mentioned above. 

Text-based network methods in this research can provide a valid and reliable way to 

construct network data. In reliability of data, content analysis is excellent to generate replicable 

network data using various accessible data sources such as newspapers. However, this is still an 

emerging area.  Since technically content analysis is semi-automated, the validity of data relies 

heavily on how the researcher inputs measures into the program to capture the actual and 

relevant information of relationships. That is, the validity of network data depends on a systemic 

review process to filter out irrelevant and unrelated information from raw data (Lusher and 

Ackland, 2011). In his recent study of hyperlink networks, Elgin (2015) shows how important 

the systemic review process is to construct valid network data. In another study on observing 

different set of network data with hyperlink network, media network, and partnership network, 

Yi and Scholz (2015) demonstrate how this kind of new network analytic techniques extend the 

limitation of data resources across space and time. 

                                                
6 This method assesses the internal consistency of data. Generally, survey methods use two different questionnaires, 

mostly opposite ones. For instance, in one questionnaire a respondent is asked whether he/she supports the 

environmental movements and in another questionnaire is asked whether he/she opposes the environmental 

movements. In this split half method, the consistency of responses is tested with the total score of those two 

questionnaires. 
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4.1.2 From Texts To Networks 

 

4.1.2.1 Building standardized format concept lists 

 

4.1.2.1.1 Systemic design of concept lists The purpose of applying content analysis in 

this research is to construct valid and reliable network data for metropolitan green economy from 

2000 to 2011, because no previous network survey data exits. The first step, building a 

standardized format of concept lists, is critical in targeting actual and relevant information. 

Concept lists refer to the reduced form of words identifying key concepts as an indicator of the 

existence of networks. For instance, in searching green economic networks, a multi-gram term  

“curbside recycling program” is meaningful to identify the key concept of “green economy”. 

Also, as various derivative forms to the same words such as “curbside recycling program” and 

“curbside program for recycling” are used in the real world, it is important to unify the derivative 

forms into one reduced word such as “curbside program,” which is designated as a corpus in 

content analysis. 

Furthermore, standardizing the format of concept lists is critical for validity and 

reliability of data collection. This means the concept lists are systemically designed to measure 

and cover all the range of relevant information indicating the target networks. The basic logic of 

building the concept lists is a coding process of selective reduction that starts from whole texts to 

sets of words or phrases that are indicative of target networks. Carley (1992, 1997) suggests 

eight systemic steps for coding concept lists.7 The steps for building concept lists are designed to 

                                                
7 First, the researcher decides the level of analysis, which means whether every single word (one-gram) such as 

“green” is meaningful or if only sets of words (multi-gram) such as “green economy” are regarded to generate 

meaning. The second step, the researcher decides the range of concepts to code for, whether to use only pre-defined 

categories of concepts or to allow new words to be added in the pre-defined categories. Third, the researcher decides 

the relevance of concepts, whether to use frequency of appearance of a concept in the text as a criterion of relevance 

or to leave all words if they exist in the pre-defined concept lists. Fourth, the researcher decides the level of 

generalization in concept lists, which means whether to leave words as originally coded (eg. Hybrid power energy 

and thermal power energy are allowed to have different meanings) or to recode them as generalized forms of 

concept (eg. Alternative energy is used to represent all related energy). Fifth, the researcher sets rules for coding 

texts which is how to capture the actual and relevant information in the whole texts. Sixth, the researcher also sets 
coding rules for irrelevant information, deciding whether to just ignore and delete irrelevant information by the pre-

defined concept lists (Weber, 1990), or to reexamine the words to add them into the concept lists. Seventh, the 

researcher starts coding work with the computer program, software such as AutoMap or OutWit to elicit text from 

source data and then apply the pre-defined concept lists and stoplists. Finally, the researcher analyzes the results, 

which indicate whether to repeat or amend the previous steps for better validity and reliability of data (Carley, 1992). 
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effectively detect the key words or phrases representing key concepts in the unified forms, and to 

efficiently distinguish relevant information from irrelevant information in raw data.  

Although there is no agreement on the acceptable point to the extent to which concept 

lists are required to be extended and refined, cumulative positive-filtering is generally suggested 

for building a standardized format of concept lists (Carley et al., 2007). The cumulative positive- 

filtering refers to an incremental way to extend and refine the concept lists using the pre-defined 

concept lists as a positive filter. The researcher keeps repeating the eight steps until no further 

relevant information is founded. This method is similar to snowball modeling in interview 

techniques (Lee, 2011), which extends the list of interviewees until a newly nominated 

interviewee has already been nominated by previous interviewees. 

 

4.1.2.1.2 Building a general thesaurus Based on Carley’s eight steps, this research 

identifies key concepts in green economy with external references. Since the concepts and 

terminologies in green economy have been mixed in use with other arenas such as environmental 

protection (Hempell, 1999), it is difficult to systemically control the variation in the use of 

indicative words from the very raw texts. For instance, the keyword of green economy does not 

capture the texts within which the term eco-friendly economy is used, even though the term 

represented the equivalent concept of green economy ten years ago. In this light, relying on 

external references reduces the systemic errors in sampling validity. 

To build the general thesaurus, the Energy Efficiency and Conservation Block Grant 

(EECBG) program website as a main reference. The selection of websites is made on the basis of 

relevance to the topic of green economy including whether the website is an official source that 

provides a definition, related services, and professional knowledge of green economy. The 

EECBG program of the Department of Energy (DOE) is a federal investment in energy 

efficiency and renewable energy with green job creation as a main goal. The website provides 

information on definition of green job economy, related services and programs in policy 

application, and professional knowledge of related technologies. In addition to the EECBG 

program website, three governmental or international websites8 are selected in order to check the 

                                                
8 These are other official websites providing information regarding green economy: the United Nations Sustainable 

Development (UNSD), the United Nations Environment Program (UNEP), and the Bureau of Labor Statistics (BLS). 
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validity of concept lists from the EECBG website.9 All websites consist of a separate webpage 

on green economy or green job, and sub-pages and links providing information about related 

knowledge or programs. The OutWit Hub program is used to scrap web-based information in the 

websites including sub-links and sub-pages, and to transform the information into text file 

format.10  In the EECBG website, 1,252,307 word counts are detected in 84 web pages, whereas 

63,469 words in ten web pages are counted in four other websites. For convenient analysis, 

especially in deciding the relevance of detected words, all web pages are clustered into ten parts 

by around every ten web pages. 

In the first round, this research begins Carley’s eight steps with the first part of eleven 

web pages in the EECBG website, which generates the proto-type general thesaurus (step 2). The 

function of Entity Detection in the ConText ver. 1.0 program detects every set of words (step 1) 

with meaningful entity such as “DATE,” “LOCATION,” or “AGENT”. From 26,183 word 

counts in the original text files, 401 sets of words are detected with entity. To create the first 

version of the general thesaurus, all irrelevant information such as date, number, and other 

information unrelated with green economy is deleted (steps 3 and 6) and the remaining set of 

words is relabeled as generalized form of concept (steps 4 and 7). Among 401 sets of words, 109 

sets are coded in the proto-type of general thesaurus. Among 109 sets of words, 90 count for the 

original corpus,11 whereas 19 count for the extended forms12 of the original corpus. To check the 

missing relevant information in the texts (step 8), the function of Codebook Application in the 

ConText is run to apply the prototype general thesaurus to the raw data of eleven text files and 

                                                
9 As stated above, with cumulative positive-filtering, the need to extend and modify the concept lists is supposed to 

decrease in further steps with data in those four websites. 
10 As Carley et al. (2007) indicate, text-based network methods are challenged by interoperable problems between 

software prograqms. Advanced software has its own preferred format for input and analysis of data. Although the 

AutoMap program is popularly used to extract and analyze text-form data from multi-media contents, this software 

is limited to scrap data from sub-pages and sub-links in the websites. In this light, this research uses the OutWit Hub 

program to build the general thesaurus, which provides a good interface to scrap text files from all included pages 

and links in a website.  

To construct the general thesaurus, this research employs the ConText program instead of the AutoMap program. 

This software is designed and developed by Jana Diesner and her colleagues to provide a more simplified interface 

in text mining, which can be interoperable with functions in the AutoMap program.  
11 The original corpus indicates the specific set of words used to label the key concept in the generalized form. For 
instance, “ARRA” is selected as an original corpus here to label the all other extended forms of “the American 

Recovery and Reinvestment Act” in the texts such as “American Recovery Act,” “Recovery Act,” “recovery act,” 

and “American Act of Recovery”. 
12 The extended forms of words vary with the use of capital letters, past or present tense, plural forms, and 

abbreviated forms. 
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the Entity Detection is rerun on the filtered text files. As a result, 186 (90/96) sets of words13 

with entity are constructed as the first version of the general thesaurus. 

From the second round to the tenth round, the eight-step process is repeated to 

incrementally modify and extend the general thesaurus (see Table 4.1). In every process round, 

the previous version of the general thesaurus is applied to filtering the raw data and added or 

modified with new relevant sets of words. After ten rounds of refining and modifying the 

concept lists, a total of 410 sets of words (257 words count for the original corpus, whereas 153 

words count for the extended form) are selected to build the general thesaurus indicative of green 

economy in Florida. In order to improve the sampling validity of the general thesaurus, all 

possible extended forms of the original corpus are added, through which 297 extended forms are 

added into the general thesaurus. In addition, 365 cities and counties in Florida metropolitan 

areas are added into the general thesaurus. Finally, 1076 sets of words14 are constructed for the 

general thesaurus in this research. 

 

Table 4.1. Cumulative Positive-Filtering Processes For the General Thesaurus 

Round 
Number 

of texts 

Word 

counts 

Added 

original 

corpus 

Added 

Extended 

forms 

Words in 

general 

thesaurus 

Round 1 11 26,183 120 66 186 (120/66) 

Round2 11 36,726 29 28 243 (149/94) 

Round3 7 18,698 1 27 271 (150/121) 

Round4 10 129,552 6 9 286 (156/130) 

Round5 10 124,005 32 2 320 (188/132) 

Round6 10 151,197 1 1 322 (189/133) 

Round7 10 204,680 38 9 369 (227/142) 

Round8 10 252,897 3 2 374 (230/144) 

Round9 10 273,952 1 1 376 (231/145) 

Round10 10 63,469 26 8 410 (257/153) 

 

                                                
13 In this process, 77 extended forms of corpus are added into the general thesaurus. 
14 Among 707 sets of words, 626 count for the original corpus including city and county titles, whereas 450 count 

for the extend form of the original corpus. 
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4.1.2.1.3 Building a meta-network thesaurus A meta-network Thesaurus is a meta-type 

thesaurus that includes the ontological level of an entity within its ontological category. In the 

Dynamic Network Analysis (DNA), two or more levels of entity are analyzed to see the relations 

between the ontological categories such as agent and event. For instance, from the text of 

“President Obama made a speech to the Congress about Health Care,” the Dynamic Network 

Analysis visualizes the relations between Obama (agent) and Congress (agent) mediated by 

health care (event), whereas traditional Social Network Analysis (SNA) captures only the 

relations between Obama (agent) and Congress (agent). In such multi-mode networks, all entities 

identified in the general thesaurus are classified as a node class.15 

As the network application in this research focuses on the relations among local 

metropolitan governments in green economy, the meta-network is identified as two-mode 

networks, including local governments represented as a node class of “agent” and green 

economic issues represented as an “event.” In this light, all entities of 365 cities and counties in 

Florida metropolitan areas are labeled as “agent” in ontological category, whereas all of the other 

707 entities indicative of green economy are labeled as “event.” With this meta-network 

thesaurus, any network among local governments in green economic issues is detected in two-

mode meta-networks of agent and event. 

 

4.1.2.2 Data collection and systemic review process 

Network data is collected from the AccessWorldNews, the online archive of newspapers 

and newswires. In searching data sources, 91 newspapers and newswires in Florida are selected. 

The key word of “interlocal agreement” is applied to roughly filter out the news articles probably 

containing the information of formal networks in Florida. For instance, as a result, 334 news 

articles are filtered out in 2000. 

Once collected, using the AutoMap program (see Figure 4.2), the general thesaurus is 

applied to identify whether the articles contain more specific information of green economic 

development networks in metropolitan areas of Florida. The function of negative filtering in the 

application of the general thesaurus enables the researcher to decide which article contains 

irrelevant information with metropolitan green economy. For instance, after applying the 

                                                
15 The node class includes “agent,” “resource,” “knowledge,” “task,” “organization,” location,” “event,” “action.” 

“belief,” or “role”. However, the definition of the node class depends on the focus and topic of research (Carley et al. 

2013). 
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negative filtering function, if the identified entity indicative of green economy is not found in the 

selected article, the article is expected to contain information about interlocal agreement in 

another policy arena such as education. Also, if the identified entity of metropolitan area 

governments is not found, the interlocal agreement in the article is made between non-

metropolitan area governments. 

After applying the general thesaurus and filtering out the irrelevant texts, meta-network 

data is generated via applying meta-network thesaurus to the cleaned texts. In setting conditions 

for link analysis, this research sets bi-directionality16 with the window size17 of 10 and the stop 

unit18 of a paragraph. In the concept of formal network, the reciprocity among agents is 

presumed when agents agree with the mutual contracts, which allows bi-directional links in 

analyzing networks. Also, as this research applies the developed concept lists to filtering the 

already identified relevant concepts, the window size can be maximized to 10 to avoid the 

sampling errors with both small and large window sizes. With a window size of 10, the stop unit 

in this analysis is set as a paragraph, since every single article in newspapers is reframed to be 

one paragraph. 

Finally in constructing valid and reliable network data, the systemic review process is 

critical to filter out the noises still left in the draft version of network data. Although applying the 

standardized format of concept lists reduces the risks of ignoring relevant concepts, the semi-

automated machine is still limited to distinguishing irrelevant concepts perfectly from relevant 

ones (SOURCE). From the simply misspelled concepts to the contextual use of concepts,19 the 

codebook-reliant machine often recognizes such irrelevant information as relevant. In a systemic 

                                                
16 The directionality in link analysis refers to which direction the machine is set to read concepts and to capture the 

links between the concepts. In the set of uni-directionality, the AutoMap program reads concepts in the text forwards 

only and captures the links in the forward direction. For instance, in the sentence of “A likes B,” only the “from A to 

B” link is detected in the text. However, in the set of bi-directionality, the machine allows links between concepts in 

all directions. In the same sentence, for example, “from A to B” as well as “from B to A” links are detected as a 

result. 
17 The window size refers to the maximum distance between concepts to be linked. For instance, in the set of 

window size of 10, to the second concept within 10-word distance from the first concept, the machine recognizes it 

as linked to the first one. Increase of window size is reported to reduce the reliability of data as it highly probably 

captures irrelevant connections between words, whereas it improves the validity of data marginally (Carley, at al. 
2013a) 
18 The stop unit means where to stop regarding new concepts as linked. Word, clause, sentence, paragraph, or all can 

be set as the stop unit. For instance, in the set of sentence as the stop unit, the machine recognizes links by sentence.  
19 For instance, in different contexts the term “energy” can refer to either “power to provide light and heat” or 

“effort”.  
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review process, this research develops supplementary stoplists including misspelled and 

misleading20 irrelevant concepts and applies the lists carefully to month-by-month network data.  

 

 

1
st
 Step: Data Collection of Original Texts 

Ledger, The (Lakeland, FL)… 

…Winter Haven has an interlocal agreement with Auburndale, Lake Alfred and Bartow and 

will provide the recycling service cheaper than the county service, Mercer said… 

 

2
nd

 Step: Applying General Thesaurus (negative filtering) 

XXXXXX, XXX (Lakeland, XX)… 

…Winter_Haven XXX XX interlocal_agreement XXXX Auburndale Lake_Alfred XXX 

Bartow XXX XXXX XXXXXXX XXX recycling_service XXXXXXX XXXX XXX 

XXXXXX XXXXXXX, XXXXXX XXXX… 

  

3
rd

 Step: Applying Meta-Network Thesaurus 

XXXXXX, XXX Lakeland (AGENT) XX… 

…Winter_Haven (AGENT) XXX XX interlocal_agreement XXXX Auburndale 

(AGENT) Lake_Alfred (AGENT) XXX Bartow (AGENT) XXX XXXX XXXXXXX XXX 

recycling_service (EVENT) XXXXXXX XXXX XXX XXXXXX XXXXXXX, XXXXXX 

XXXX… 

 

4
th

 Step: Systemic Review Process 

XXXXXX, XXX XXXXXXXX XX… 

…Winter_Haven (AGENT) XXX XX interlocal_agreement XXXX Auburndale 

(AGENT) Lake_Alfred (AGENT) XXX Bartow (AGENT) XXX XXXX XXXXXXX XXX 

recycling_service (EVENT) XXXXXXX XXXX XXX XXXXXX XXXXXXX, XXXXXX 

XXXX… 
 

Figure 4.2. Exampled Process of Generating Meta-Network Data 

                                                
20 For instance, the titles of local presses including locality such as Orlando Sentinel are added into the 

supplementary stoplists and negatively filtered before applying the general thesaurus. 
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4.1.2.3 Network data in metropolitan green economy 

 

4.1.2.3.1 Semantic networks of metropolitan green economy Using the ORA program,21 

semantic networks of metropolitan green economy are pulled out. In semantic networks, two 

node classes are defined with local governmental units identified as “Agent” and green economic 

issues and events as “Event.” For instance, a total of 26 green economic events (nodes) are 

detected, whereas 94 cities and counties (nodes) are detected as an agent in 2000. 226 links are 

detected between two node classes, in which red, circular dots represent the agent node and blue, 

triangular dots represent the event node (Figure 4.3). For instance, Winter Haven and 

Auburndale are linked via the recycling program in the visualization, as they are seen at the 

Figure 4.2. In the same way, other semantic network data for Florida metropolitan green 

economy between 2000 and 2011 are identified (see the visualization in Appendix C). 

 

 

 

Figure 4.3. Semantic Networks of Metropolitan Green Economy in 2000 

                                                
21 ORA is a network analysis tool demonstrating and analyzing the relationship among identified entities represented 

by the Meta-Matrix (Carley et al. 2013b). This research uses ORA version 3.0.8.5. 
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4.1.2.3.2 Social networks of metropolitan green economy Based on the semantic 

networks, the social networks of metropolitan green economy are pulled out. Among 365 local 

governmental units in Florida metropolitan areas, 94 cities and counties are detected as 

connected in network analysis in 2000.22 As stated above, all links are assumed to be undirected 

(reciprocal), whereas those links are set as binary value.23 As a result, 94 cities and counties are 

reported to create or maintain 111 green economic networks with other local governmental units 

in 2000 (Figure 4.4). In Figure 4.4, different colors indicate different metropolitan areas. In the 

same way, other social network data for Florida metropolitan green economy between 2000 and 

2011 are collected as shown in Table 4.2 (see Appendix D for visualization).  

 

 

 

Figure 4.4. Social Networks of the Metropolitan Green Economy in 2000 

 

 

 

                                                
22 From texts collected, 94 cities and counties are detected. The null data of 365 adjacent matrices is merged with the 

text-detected network data, so that unified network data for all 365 cities and counties in MSA is constructed. 
23 Binary link value refers to “1” as “linked” and “0” as “not linked” regardless of frequency or strength of the links. 
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4.2 Analysis on Exogenously Driven Network Changes 

 

4.2.1 Data and Unit of Analysis 

 

4.2.1.1 Measuring networks 

The network data being analyzed is collected through content analysis as described 

previously in section 4.1.1. As the network here is identified as formally configured relationships 

through interlocal agreement among cities and counties, every single newspaper notice and 

article is searched with a key word of “interlocal agreement” and filtered through the 

standardized format of concept list of “green economy” (see 4.1.2 for detail process of 

constructing the General and Meta-Network Thesaurus). From the newspaper archive of 

AccessWorldNews, 137 newspapers and newswires in Florida are selected as data sources. Draft 

data for preprocessing is collected in each year from 2000 to 2011. 

Using the semantic analytic technique with the AutoMap software, this research pulls out 

the two-mode networks between local governmental units and green economic issues. To avoid 

endogenous bias and secure the validity and reliability of network data, this research constructs 

external reference-based concept lists with cumulative positive filtering process (Carley et al. 

2007). Through the systemic review process, the semantic network data for Florida metropolitan 

green economic development is constructed.  

From this semantic network, social networks among local governmental units in 

metropolitan green economic development are set as a one-mode agent X agent form of network. 

Unsing the definition by the Office of Management and Budget (OMB), twenty metropolitan 

areas including 325 cities and 40 counties are identified as node set agents in this research. The 

links in the metropolitan green economic network are binarized as “1” indicating a link between 

a city or county (i) and partner city or county (j) and “0” meaning no relationship through 

interlocal agreement in green economy. As interlocal agreement poses mutual obligations to 

accomplish the target goals, the binary links in the network are supposed to be undirected, in 

other words, reciprocal in nature. As a result, twelve yearly network data in metropolitan green 

economy from 2000 to 2011 are constructed. 

As shown in Table 4.2 below, abstract statistics of social network change between 2000 

and 2011 show that density of green economic networks is quite low, though the density has 
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increased slightly since 2000. With regard to costs surrounding formal networking through 

interlocal agreements, it makes a sense that a small number of cities and counties commit to 

substantive mutual agreements for green economic development. Overall ties in green economic 

networks increase from 111 in 2000 to 342 in 2011. Also, in the period between 2000 and 2011, 

local governments are more active in creating new ties, whereas only small portion of created 

ties is dissolved through the time span. All other specific statistics of green economic networks 

between 2000 and 2011 are provided in Appendix E. 

 

 

Table 4.2. Descriptive Statistics of Social Networks from 2000 to 2011 

Network Density Indicators Density Avg. degree Number of Ties 

2000 0.002 0.608 111 

2011 0.005 1.874 342 

Tie changes between observed periods 

 0->0 0->1 1->0 1->1 Distance Jaccard Missing 

Period 

(2000-2011) 
66067 252 21 90 546 0.25 0 

 

 

4.2.1.2 Measuring socio-economic attributes 

 

4.2.1.2.1 Similarity in socio-economic institutions The homophily effects are regarded as 

crucial in predicting network formation among heterogeneous cities and counties, in the sense 

that endogenously developed or embedded similarities between actors reduce transaction costs in 

creating a new tie with others (Berardo and Scholz, 2010; Feiock, 2005). Logged distribution is 

taken for population size, whereas the proportion of white population is measured as white only 

population divided by total population. This longitudinal demographic data is collected from 

various data sources such as U.S. Census data and Geolytic city and county data. As shown in 

Table 4.3, average cities and counties in Florida metropolitan areas are medium or small sized 
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(around 20,00024) and highly white population oriented (82%). Also, median household income 

level is around $45,000. 

 

4.2.1.2.2 Socio-economic proximity The socio-economic proximity where cities share 

similar socio-economic platforms is measured with socio-economic boundaries in inter-

governmental structure. Although the Metropolitan Statistical Areas (MSA) are not legal 

boundaries for political and governmental activities, the classification employed by the OMS is 

widely used for measuring metropolitan areas. All incorporated cities and counties in the 

classification of MSA are counted as a unit of analysis and coded in accordance with MSA 

codes. The MSA codes for each city and county in 19 Florida metropolitan areas is collected 

from the U.S. Census geographic data.  

 

4.2.1.3 Measuring resource scarcity 

 

4.2.1.3.1 Fiscal stress of local government The fiscal capacities of local government 

indicate the level of fiscal stress the local government confronts. Despite the complexity in 

budget processes, gaps between government revenues and expenditures are generally employed 

to measure the fiscal capacities of government to address fiscal stress (Kim et al., 2009). As the 

most reliant revenue source in the local budget (Chicone and Walzer, 1986), property taxes are 

the major indicator to predict the endogenous fiscal health of local government. Including other 

government activities to expand the tax basis such as levying sales taxes and user fees, this 

research measures fiscal stress of local governments with the ratio of total expenditures to total 

revenues. A score greater than 1 indicates that local governments spend more money than they 

earn for yearly budget, which in turn indicates that local governments should reduce 

expenditures or seek additional revenue sources to balance the budget.  

The longitudinal data for local government revenues and expenditures is collected from 

the Florida Statistical Abstract constructed by the Bureau of Economic and Business Research in 

Florida. Table 4.3 shows that average fiscal stress of Florida metropolitan governments is 0.95, 

which means average governments fiscally maintain a balanced budget system.  

                                                
24

 As the size of population is logged, the real number is taken from the exponential of the value. 
Therefore, the average logged population of 9.902 is transformed as 19,974. 
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4.2.1.3.2 Dependency on external resources Another measurement for resource scarcity 

employed in this research is fiscal dependency on external resources. On the revenue side of 

local budget system, dependency on external resources is measured by percentage of federal and 

state grants in total annual revenue. The longitudinal data for categories in local revenue sources 

is also collected from the Florida Statistical Abstract of the Bureau of Economic and Business 

Research. Table 4.3 indicates that average cities and counties in Florida metropolitan areas are 

not entirely reliant on federal and state grants for their revenue sources (5.02%). 

 

4.2.1.4 Measuring exogenous policy impact 

 

4.2.1.4.1 Exogenous stimuli of EECBG As this research focuses on how the exogenous 

stimuli changes endogenously developed network structure and eventually influences the 

outcomes in green economy, the federal stimuli of the Energy Efficiency and Conservation 

Block Grant (EECBG) after the Great Recession is among the appropriate cases for external 

policy input in metropolitan green governance. As an exogenous factor, the EECBG is supposed 

to have unique impacts on resource scarcity in local governments. First, regarding the federal 

grant system, the EECBG is in highly large scale. Although block grants have been a part of 

federal system since 1966, the scale and the proportion of the block grant has diminished over 

time (Finegold et al., 2004; Peterson and Nightingale, 1995). However, to respond to the Great 

Recession and revitalize the local green economy, under the 2009 Recovery Act the EECBG 

provided $2.7 billion to municipalities in formula based block grants (U.S. DOE, 2013). In this 

sense, the EECBG is supposed to have a critical and instant impact on endogenously developed 

government activities in balancing the gap between revenues and expenditures in green 

economy. Second, although most federal grant programs set a timeline of one year, the intensive 

manner in program decision and implementation with large scale direct monitary funds implies 

that the EECBG is intended to change the negative trajectory in a depressive local green 

economy. Finally, with scale and intensity, the nature of  a block grant is supposed to allow local 

governments the discretionary decision to allocate additional resources, which leads to changes 

in consideration of selective benefits and costs in existing green economic networks.  

In this light, this research measures the award of the EECBG as an exogenous policy 

impact factor influencing endogenous network formation. For the measurement of EECBG 
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effects on structural change of green economic networks, it is essential to keep in mind that the 

way grants are awarded causes the Heckman Sample Selection problem in data sampling. Since 

most of the grant are awarded by formula that is based on population size of city and county,25 

non-eligible cities and counties, mostly small cities and counties, are excluded from the grant 

effects. As shown in Table 4.3, the total number of eligible local governments for the EECBG is 

110, 30% of all Florida metropolitan governments.  

For the dummy variable for the EECBG, receipt of the fund constructs the binary variable 

where “1” indicates that the city or county receives the fund as a recipient and “0” means 

otherwise. In addition to the dummy variable for the grant, scale of fund received26 is also 

measured to test the level of environmental changes cities and counties confront. The data for the 

recipient and the awarded amount of fund is collected from the ARRA website that provides 

fund award information by category and region. Filtered information with the code for the 

EECBG awarded in Florida is aggregated into the city and county level. For accuracy in model 

specification, the amount of fund awarded is categorized into 9 scales.27 Table 4.3 shows that 

84% of 110 eligible local governments received the EECBG from federal government and state 

government. Also, the average amount of awarded grants is between $500,000 and $1,000,000. 

 

 

Table 4.3 Descriptive Statistics for Actor Attributes 

 
Obs. Mean S.D. Min Max 

Socio-economic Institutions 

Population (ln) 

White 

Median HH Income 

 

365 

365 

365 

 

9.90 

82.00 

43837.10 

 

1.68 

16.35 

15221.75 

 

2.20 

4.63 

14923 

 

14.76 

100 

151875 

 

 

                                                
25 Every city with a population of 35,000 or more is eligible, while every county with a population of 200,000 or 

more is eligible. 
26 http://www.recovery.gov/arra/espsearch/Pages/ 
27 Nine scaled categories are as follows; 1 is $50,000 or less, 2 is between $50,000 and $100,000, 3 is between 

$100,000 and $250,000, 4 is between $250,000 and $500,000, 5 is between $500,000 and $1,000,000, 6 is between 

$1,000,000 and $2,500,000, 7 is between $2,500,000 and $5,000,000, 8 is between $5,000,000 and $10,000,000 and 

9 is $10,000,000 or greater. 
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Table 4.3 Continued 

 
Obs. Mean S.D. Min Max 

Resource Scarcity 

Fiscal Stress 

Dep. on External Resources 

 

365 

365 

 

0.95 

5.02 

 

0.18 

7.68 

 

0.08 

-0.20 

 

3.89 

78.04 

Policy Impact 

EECBG (dummy) 

EECBG (categorical amount) 

 

110 

110 

 

0.84 

4.85 

 

0.37 

2.74 

 

0 

0 

 

1 

9 

 

 

4.2.2 Model Specification 

 

In order to investigate the evolution of intergovernmental collaboration, this study 

employs Snijders’s (2001) stochastic actor-based model (SABM), using RSiena version 4.0 

(Ripley et. al., 2014).  Underlying a Markov Chain Monte Carlo simulation, this estimation 

model assumes that decision-making by actors is randomly determined to add or break the 

existing network connections at any point in time. In the Markov process of reproducing the 

observed network, Ego selects the new set of partners that optimizes utility function on the 

current network structure at a given time of choice. With repeated and improved choice of 

partners to maximize the utility in collaboration, it is supposed that the whole network structure 

is convergent toward a new equilibrium. In this sense, the SABM is regarded as well fit to the 

hypotheses tested in this research, which covers both overall network changes over time and the 

impact of punctuated equilibrium on overall structural change over time. 

For the estimates of structural change over time and the policy impact on the network 

change, this research composes four serial models to test hypotheses. In the first model, this 

research estimates the structural effects on green economic networks over time, which does not 

include any actor attributes or policy impact for consistency in the next models. The second 

model estimates the full effects of the network, actor attributes with ego, and similarity effects to 

show how the regional institutions affect the network changes in green economic development 

over time. In the third and fourth model, the EECBG effects as policy impact are tested. 
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Although the presence of Heckman Selection problem in sample data was already checked, two-

stage model to deal with the problem has not been developed yet in network analysis. Therefore, 

the third model estimates the full effects on structural changes of non-eligible cities/counties, 

whereas the fourth model tests the EECBG effects of eligible local governments. 

 

4.2.2.1 Model I: Estimate on sheer structural changes in network 

Model I estimates the sheer network changes in structure. This model shows how the 

network changes structurally when all other factors are controlled, which provides credential 

criteria to check the consistency of the extensive models predicting the influence of actor 

attributes, resource scarcity factors, and policy impact. Based on the rate function model, Model 

I estimates the probability for an actor (i) to extend a new tie to another (j) in evaluation function 

as below. 

The network evaluation function for actor i is defined as 

f!
!"#

� = β!
!"#
s!"
!"#

�!  ,                                                     (1) 

where β!
!"# is a parameter and s!"

!"#(�) is an effect as defined as below. As the links in 

network here are assumed to be undirected (reciprocal), this paper categorizes four dimensions of 

risk-based structural effects extended from the risk hypothesis (Berardo and Scholz, 2010); low-

risk coordination effects and high-risk cooperation effects related to the level of relational risks; 

consolidated effects and horizontal effects related to the nature of environmental risks. 

For the low-risk coordination effects, this research employs in-degree popularity effect 

defined as 

s!!
!"#

� =  x!"x!! =  x!" x!"!!!                                            (2) 

For the high-risk cooperation effects, as all links in a network are supposed to be 

reciprocal, this study employs a transitive triplets effect. Transitive triplets effect is defined by 

the number of transitive patters in i’s relations, which is defined as 

s!!
!"#

�  =  x!"x!"x!"!,!                                                      (3) 

 For the hierarchical effects (consolidated or horizontal), this research employs the 

generalized eigenvector centrality at the individual level. Based on the recursive dependency (or 
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known as the idea of HITS algorithm28) (Keinberg, 1998) and the undirected links in this 

research, the effects of authority centrality and the effects of hub centrality are congregated into 

single effects of generalized eigenvector centrality. Therefore, the effect of the generalized 

eigenvector centrality is defined as 

s!!
!"#

�  =  A �! = �(�!)                                                     (4) 

s!!
!"#

�  = �!"(!!,!!)∈!
�! = �!"(!!,!!)∈!

�!                                       (5) 

 where M = (�!,!) is the adjacent matrix and the importance of �! depends on neighbor 

node of �!. 

 Also, to test the four dimensions of structural response to relational and environmental 

risks, this research uses interaction terms between relational risk-related structures and 

environmental risk-related structures. 

 

4.2.2.2 Model II: Full estimate on the structural changes in network 

 Based on Model I, Model II estimates the effects of endogenous actor attributes and 

resource scarcity on the structural changes in networks. Based on homophily effects, for the actor 

attributes, covariate-similarities in socio-economic institutions (population, race group, median 

household income) and resource scarcity (fiscal stress and dependency on external resources) are 

defined as 

s!!
!"#

�  =  �!"(! ���!"
!
− ���!)                                                     (6) 

 where ���!"
!  is the centered similarity scores between actor i and other actor j, whereas    

 ���! indicates the mean of all similarity scores. 

 Also, the effects of the same covariate in socio-economic proximity (same MSA) are 

defined as 

s!!
!"#

�  =  �!"�! �! = �!                                                      (7) 

 where the indicator function of I is 1 if the condition �! = �!  is satisfied. 

                                                
28 The HITS algorithm indicates that a well-connected hub creates links to highly authoritative information sources, 

while a highly authoritative information source generates links to well-connected hubs (Keinberg, 1998). The 

authority and hub scores are calculated by the following formula: 
� �! = �(�!)(!!,!!)∈!

� �! = �(�!)(!!,!!)∈!

, 

where � �!  and � �!  are the authority and hub scores of node �! and �!. 
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 Finally, covariate-ego effects are estimated to test the effects of resource scarcity on 

structural changes in networks. The effects of fiscal stress of local government and dependency 

on external resources are defined as 

s!!
!"#

�  =  �!�!!                                                            (8) 

 

4.2.2.3 Model III: Full estimate on the structural changes in network (non-eligible) 

 Model III estimates the probability for an actor that is non-eligible for the EECBG to 

alter specific features of risk associated with network structure. With the same effect variables as 

Model II, this model shows how small cities and counties in Florida metropolitan areas respond 

to changes in relational and environmental risks. 

 

4.2.2.4 Model IV: Full estimate on the EECBG effects on structural changes in 

network 

 Finally, in Model IV, this research constructs a full model estimation of the policy 

impacts on structural changes in networks. In the sense that change driven by exogenous forces 

would affect the change in network structures, this full model estimates the probability for an 

actor who receives the federal funds to extend a tie to alter with specific features of risk 

associated network structure. 

 For the estimation, ego-effects of EECBG are employed to test whether the exogenous 

policy affects the endogenously developed network structures. Also, to test the specific effects 

on four dimensional risk-related network structures, this model includes the interaction terms 

between ego-EECBG effect and structural effects in network.   

 For statistical analysis of longitudinal network change, RSiena version 4.0 (Ripley et al., 

2014) is used. All coefficients of network effects as well as actor oriented covariates are tested 

their convergence check29, t-statistics test30 as well as score tests31 for assessing goodness of fit32. 

                                                
29 In the nature of stochastic model, the estimated parameters are derived from iterated simulation. The t-statistics 
check tests the t-ratio for convergence, which considers the deviations between simulated values and observed ones. 

Ripley et al. (2013) recommend that the good standard of all t-ratios for publication be less than 0.15, whereas the 

overall maximum convergence ratio is recommended as below 0.20. 
30

 This t-type test of single parameters is also called the Waldo-type test. Like the t-statistics test in OLS 

regression, the test checks the value of parameter estimates divided by the standard errors. In RSiena 

analysis, the diagonal of covariance matrix refers to the parameter estimate and the square roots of these 
diagonal elements represent the standard errors. 
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Also, time heterogeneity of each network effect over time is checked and adjusted for the 

goodness of fit. 

 

4.3 Analysis on Policy Performance through Network Changes 

 

4.3.1 Data and Unit of Analysis
33

 

 

4.3.1.1 Green job creation as a policy performance 

As a policy goal in green economic development, this research identifies job creation in a 

green economy. Green job creation is measured as number of employees hired in establishments 

that produce green goods, provide green services, or create added values to green products. To 

systemically identify the establishment associated with green economy, this study employs the 6-

digit NAICS industry classification codes. Based on the definition and classification of the 

Bureau of Labor Statistics green jobs, codes for green industries in all NAICS categories of U.S. 

industry are labeled and identified.  

With the classification of green industry codes, primary data on green job creation is 

collected from the National Establishment Time-Series Database (NETS) database. This 

longitudinal national data at establishment level contains information of the DUNS identification 

number, the number of employment, and the location of establishment. After filtering the Florida 

data out of all national NETS data, this research aggregates the establishment data into city, 

county, and MSA level data.  

Figure 4.5 shows the overall trends in green job and total employment in Florida from 

2000 to 2011. Miami-Fort Lauderdale-West Palm Beach shows the largest scale of green 

economic development and its highest developing trend in all 19 Florida metropolitan areas. 

Most of the metropolitan areas show steady increase in green economy over time. The figure 

demonstrates the disturbance in green economic development between 2009 and 2010. The 

overall steady increase of Florida metropolitan green economy is disturbed in 2009 and gains its 

                                                                                                                                                       
31
	In addition to the Waldo-type test, score-type tests are also used to assess goodness of fit. Using generalized 

Neyman-Rao score test, this ML estimation method employs the Method of Moments (Schweinberger, 2012; Rao, 

1947). Restricting one or more parameter as constant, this method tests the null hypothesis whether p-value is large 
enough to reject the null hypothesis for abandoning the model with specific evaluation effects. 
32

 For more information, see Appendix F. 
33 See Appendix G for the measurement of variables at city/county and MSA level. 
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developing trajectory after 2010. Also, Tables 4.4 and 4.5 indicate that individual cities and 

counties generate an average of 483 green jobs per year, whereas an average of 33,190 green 

jobs are created at the metropolitan level. 

 

 

 

Source: 2012 NETS 

Figure 4.5 Trend in Green Job Employment in Florida MSA (2000-2011) 

 

 

4.3.1.2 Policy factors 

Governmental capacities in facilitating green job creation is critically considered as 

having a direct impact on green job creation. To measure the governmental capacities in a green 

economy, this research employs the government expenditure on economic environment and 

physical environment as a proxy variable. The proportion of purposeful expenditure in total 

expenditure is employed to test the effects of governmental capacities on green economic 

development. Also, fiscal stress is employed to measure the governmental capacities in green job 
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creation. Green job creation is measured by the ratio of total expenditure to total revenue, in 

which a higher ratio means the government confronts higher fiscal stress. The data is collected 

from the government section of expenditure in the Florida Statistical Abstract. For analysis at the 

MSA level, each city and county data is also aggregated into metropolitan level. Table 4.4 shows 

that individual cities and counties spend more proportionally in expenditure on economic 

infrastructure (23.7%) than on job creation itself (1.73%) in a strong balanced budget structure 

(0.95). The trend in governmental capacities is similar at the aggregated level of metropolitan 

areas (see Table 4.5).  

In addition to governmental capacities, the exogenous stimuli program is regarded as one 

of the main policy inputs to metropolitan green economy. Although governmental expenditure is 

based on consideration of all external revenue sources such as federal or state tax incentives and 

grant-in-aid programs, intensive and timely immediate federal stimuli programs are regarded as 

an exogenous policy input to the local economy. This research employs the award of the EECBG 

as an indicator of external policy input in green economy. The data is collected from the 

information archive of the ARRA website providing fund information by category and region. 

Also for analysis at the MSA level, each city and county data is aggregated into the metropolitan 

level. Also, the amount of funds awarded is categorized into 9 scales.34 Table 4.4 shows that 84% 

of 110 eligible cities and counties received between $500,000 and $1,000,000 of awarded 

EECBG funds. At the metropolitan level, around $10 million of EECBG funding is accumulated 

to stimulate regional green economy. 

 

4.3.1.3 Network factor 

Data regarding network effects factors come from the analytic results of the first stage 

analysis.  Based on the statistical significance of network change, the second analysis extends the 

focus on how the network change influences the effectiveness of green economic governance in 

                                                
34
	Nine scaled categories are differently classified at the individual level and the whole network level, since at the 

metropolitan level this research uses the aggregated amount of EECBG from individual cities and counties.  

At individual level, categories are as follows; 1 is $50,000 or less, 2 is between $50,000 and $100,000, 3 is between 

$100,000 and $250,000, 4 is between $250,000 and $500,000, 5 is between $500,000 and $1,000,000, 6 is between 

$1,000,000 and $2,500,000, 7 is between $2,500,000 and $5,000,000, 8 is between $5,000,000 and $10,000,000 and 
9 is $10,000,000 or greater.  

At metropolitan level, categories are as follows; 1 is $500,000 or less, 2 is between $500,000 and $5,000,000, 3 is 

between $5,000,000 and $10,000,000, 4 is between $10,000,000 and $50,000,000, 5 is between $50,000,000 and 

$100,000,000, 6 is between $100,000,000 and $500,000,000, 7 is between $500,000,000 and $1,000,000,000, 8 is 

between $1,000,000,000 and $5,000,000,000 and 9 is $5,000,000,000 or greater.	
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terms of better outcomes in green job creation. At the individual level, an actor’s position in a 

network is measured to investigate the effects of imbalanced power on individual performance in 

green job creation. Whether or not cities and counties join the network is measured as a discrete 

variable, in which “1” indicates that cities and counties participate in a green economic network 

through an interlocal agreement and “0” means otherwise. Also, the hierarchical position of 

individual cities and counties is measured by generalized eigenvector centrality. As stated above, 

the recursive dependency (Keinberg, 1999) and the undirected links in this research generate 

convergence between the effects of authority centrality and the effects of hub centrality. 

Therefore, the individual variable of generalized eigenvector centrality is defined as 

��������!(�) = A �! = �(�!)                                                     (9) 

��������!(�)  = �!"(!!,!!)∈!
�! = �!"(!!,!!)∈!

�!                                       (10) 

 where M = (�!,!) is the adjacent matrix and the importance of �! depends on neighbor 

node of �!. 

At the MSA level, the density of the network in each metropolitan area is measured as an 

indicator of overall network effectiveness. For structural factors indicating relational risks, 

degree centralization and trasitivity effects at network level are measured to identify the 

coordinative and cooperative structure of the network. Also, for structural factors indicating 

environmental risks, the ratio of eigenvector centrality to degree centralization is calculated to 

identify the hierarchy in the network structure. To verify the effects of four typological network 

structures, this research generates the interaction variables between degree centralization and the 

ratio for hierarchical indicator, and between transitivity and the ratio. 

 

4.3.1.4 Institutional factors 

Additional data are collected to explain the institutional factors in policy performance.  

For the socio-economic institutions indirectly affecting policy performance, logged population 

size, educational level, median household income, proportion of male population, proportion of 

white population, and proportion of old population (age 65 and over) are measured. These 

longitudinal data of institutional factors are collected from multiple sources including the U.S. 

Census data, the Florida Statistics Abstract, the ICMA Local Government Sustainability Policies 

and Programs in 2010, and the Geolytic longitudinal data for city and county. 
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Table 4.4 Descriptive Statistics at Individual Level 

 Obs. Mean S.D. Min Max 

Policy Performance 

Green Jobs (ln) 
 

365 
 

6.18 
 

2.55 
 
0 

 
11.52 

Policy Factors 

Expenditure on Econ. Env. (%) 
Expenditure on Physical Env.(%) 
Fiscal Stress (ratio) 
EECBG (dummy) 
EECBG (categorical amount) 

 
365 
365 
365 
110 
110 

 
1.73 
23.70 
0.95 
0.84 
4.85 

 
3.71 
16.08 
0.18 
0.37 
2.74 

 
0 

-0.59 
0.08 

0 
0 

 
50.32 
90.88 
3.89 

1 
9 

Network Factors 

Network (dummy) 
Indegree Centrality (std) 
Transitivity (std) 
Gen. Eigenvector Centrality (std) 

 
365 
365 
365 
365 

 
0.38 
0.06 
0.04 
0.05 

 
0.49 
1.06 
1.07 
1.07 

 
0 

-0.45 
-0.28 
-0.36 

 
1 

8.13 
5.27 
9.01 

Institutional Factors 

Population (ln) 
White 
Male 
Age Over 65 
Education beyond Bachelor 
Median HH Income 

 
365 
365 
365 
365 
365 
365 

 
9.90 
82.00 
48.94 
19.79 
17.62 

43837.1 

 
1.68 
16.35 
3.27 
9.95 
10.17 

15221.75 

 
2.20 
4.63 
1.19 
0.18 
0.11 

14923 

 
14.76 
100 

88.03 
76.9 
75.2 

151875 

 

Table 4.5 Descriptive Statistics at Metropolitan Level 

 Obs. Mean S.D. Min Max 

Policy Performance 

Green Jobs (ln) 
 

19 
 

10.41 
 

1.06 
 

8.30 
 

13.08 

Policy Factors 

Expenditure on Econ. Env. (%) 
Expenditure on Physical Env.(%) 
Fiscal Stress (ratio) 
EECBG (categorical amount) 

 
19 
19 
19 
19 

 
2.60 
22.45 
0.95 
0.24 

 
1.58 
8.17 
0.07 
0.92 

 
0.17 
7.84 
0.75 

0 

 
7.93 
41.17 
1.47 

5 
Network Factors 

Indegree Centralization (std) 
Transitivity (std) 
Hierarchy (std) 

 
19 
19 
19 

 
4.91e-09 
7.30e-09 
4.78e-09 

 
1 
1 
1 

 
-0.98 
-0.70 
-1.23 

 
3.89 
2.03 
3.85 

Institutional Factors 

Population (ln) 
White 
Male 
Age Over 65 
Education beyond Bachelor 
Median HH Income 

 
19 
19 
19 
19 
19 
19 

 
13.53 
84.69 
49.07 
22.78 
17.66 

43944.95 

 
1.02 
8.53 
1.00 
7.71 
5.17 

7468.86 

 
11.95 
49.86 
46.14 
12.33 
8.09 

29010.31 

 
16.07 
95.92 
52.36 
42.42 
34.77 

79305.83 
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4.3.2 Model Specification
35

 

 

Using Time-Series-Cross-Section (TSCS) analysis, this research investigates the network 

effects on green job creation at both the individual city (or county) level and the MSA level from 

2000 to 2011. For diagnostics, this research tests the Breusch and Pagan Lagrangian multiplier 

test for random effects model and the Hausman specification test. According to results from the 

diagnostic tests, this study employs better estimation comparing the results of fixed effects 

model.36 

 

4.3.2.1 Estimate on the policy performance at individual level 

At the individual level, this research constructs four models to test hypotheses. Since the 

exogenous policy impact (EECBG) generates the Heckman Sampling Selection Problem, first 

two models are constructed to investigate the overall effects, excluding the EECBG effects, on 

green economic development. Model I estimates the network effects on green job creation at the 

individual level, whereas Model II tests all effective variables including policy factors and 

institutional factors on green economy. Applying the two-stage model, the other two models 

focus on EECBG effects on green economic development. Model III tests the two-stage model 

with EECBG effects and network variables, whereas Model IV is constructed as a full model 

with all other factors. 

For Model I and Model II, unit or panel variant errors are controlled in the fixed effects 

model. Also, to control autocorrelation in the model, a lagged dependent variable is added. The 

basic model is described as 

 �!" = ��!,!!! + �! + ��!" + �!                                            (11) 

where �!" is the policy performance of city/county i, measured by the number of green 

jobs at time t, 

� is time-varying effects of policy performance of city/county i at time t-1 

�! is average green job creation for city/county i 

� is time-varying effects of variable x 

                                                
35

 For exploratory analysis, see Appendix H. In the Appendix, normal distribution of dependent variable 

is tested in graphical inspection, while unit roots are tested for autoregression on TSCS data (Im, Pesaran, 

and Shin 2003). 
36

 For Goodness-Of-Fit, see Appendix I. and J. 
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�! is the time-varying error 

Based on the basic model, Models III and IV are extensively constructed as two-stage 

models. As the omitted variable bias (eligibility of EECBG by population size) is correlated with 

the explanatory variable of EECBG, an instrumental variable regression is applied to eliminate 

the bias. From the basic function of (11), first stage model between �!" and instrumental variable 

of �!" is constructed as 

First Stage: �!" = �! + �!�!" +  �!                                      (12) 

As predicted values of �!" at the first-stage model is defined as �!", the second stage 

model is constructed as 

Second Stage: �!" = ��!,!!! + �! + ��!" + �!                                       (13) 

 

4.3.2.2 Estimate on the policy performance at network level 

In the same way, the factor effects on green job creation at the network level is estimated 

in the Time-Series-Cross-Section (TSCS) analysis from 2000 to 2011. At the metropolitan level, 

aggregated data and network level data are employed to measure factors in models. Two fixed 

effects models are constructed as function (11), in order to estimate network and EECBG effects 

(Model V) and all effects (Model VI) on green economic development at the metropolitan level. 
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CHAPTER FIVE 

 

STRUCTURAL CHANGE OF NETWORKS IN METROPOLITAN GREEN 

ECONOMIC GOVERNANCE 

 

5.1 Findings and Analysis 

 

This section shows empirical results of how individual cities and counties change their 

propensity for partner selection in green economic collaboration over time. Four models are 

constructed to test theory-based hypotheses that endogenous and exogenous factors influence the 

structural patterns in network change. In this chapter, analytic review of overall changes in 

actors’ propensity over time is followed by reviews on effects of specific factors such as network 

structure, exogenous policy impact (EECBG), resource scarcity, and institutional homophily (see 

Table 5.1 below). 

In Table 5.1, regarding that rate function refers to actor’s propensity to change partners 

within a specific time period, the results indicate that city/county’s overall propensity to change 

green economic networks is very low and changes little over time. In model I, the average 

propensity is 0.36, which means that any city or county among 365 local governments gets 0.36 

times more opportunity to change one outgoing network tie between 2000 and 2011. Also, with 

regard to difference in population size measured by eligibility of EECBG, Models III and IV 

show that small cities and counties are less likely over time to change their propensity to select a 

new partner than are cities and counties with more sizable population. 

 

 

Table 5.1 Results of Network Analysis 

 Model I Model II Model III Model IV 

Rate Function 

Period 1 

Period 2 

Period 3 

Period 4 

Period 5 

 

0.28 (0.05) 

0.05 (0.02) 

0.87 (0.13) 

1.46 (0.26) 

0.13 (0.03) 

 

0.30 (0.05) 

0.05 (0.02) 

0.94 (0.13) 

1.53 (0.27) 

0.14 (0.03) 

 

0.26 (0.27) 

0.41 (0.28) 

6.36 (1.54) 

0.01 (0.01) 

0.01 (0.01) 

 

0.19 (0.06) 

0.01 (0.01) 

0.68 (0.16) 

0.08 (0.04) 

0.11 (0.04) 

*p<0.01, **p<0.05, ***p<0.001 (two-tailed). Coefficients from RSIENA analysis of undirected network. 
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Table 5.1 Continued 

 Model I Model II Model III Model IV 

Rate Function 

Period 6 

Period 7 

Period 8 

Period 9 

Period 10 

Period 11 

 

0.20 (0.04) 

0.08 (0.02) 

0.03 (0.01) 

0.60 (0.07) 

0.03 (0.01) 

0.18 (0.03) 

 

0.20 (0.04) 

0.08 (0.02) 

0.03 (0.01) 

0.64 (0.08) 

0.03 (0.01) 

0.18 (0.03) 

 

0.01 (0.01) 

0.01 (0.01) 

1.29 (0.44) 

0.24 (0.24) 

0.01 (0.01) 

0.71 (0.21) 

 

0.04 (0.02) 

0.06 (0.03) 

0.05 (0.03) 

0.01 (0.01) 

0.19 (0.05) 

2.12 (0.04) 

Network Effects 

Outdegree (density) 

Coordinative 

Cooperative 

Hierarchical 

 

-6.77 (0.23)*** 

0.44 (0.12)*** 

14.22 (2.41)*** 

-1.52 (0.48)*** 

 

-9.12 (0.41)*** 

0.43 (0.08)*** 

10.11 (1.41)*** 

-1.21 (0.31)*** 

 

-14.40 (2.10)*** 

1.83 (1.16) 

6.96 (3.89)* 

-2.75 (2.25) 

 

-6.46 (0.53)*** 

0.27 (0.06)*** 

2.17 (0.47)*** 

-0.37 (0.20)** 

Policy Impact 

EECBG (amount) 

EECBG X Coordinative 

EECBG X Cooperative 

EECBG X Hierarchical 

    

0.00 (0.01) 

0.10 (0.05)** 

-0.23 (0.14)** 

0.01 (0.08) 

Resource Scarcity 

Fiscal Stress 

Dep. on External 

Resources 

  

-1.88 (1.11)* 

0.06 (0.03)** 

 

2.51 (2.14) 

-0.20 (0.16) 

 

-0.57 (2.67) 

-0.27 (0.14)* 

Homophily Effects 

Population size 

White 

Income 

MSA 

Fiscal Stress 

Dep. on External 

Resources 

  

0.24 (0.72) 

2.22 (0.61)*** 

4.90 (1.39)*** 

3.91 (0.31)*** 

14.75 (3.70)*** 

5.53 (2.70)** 

 

-0.79 (1.74) 

2.15 (1.89) 

22.34 (6.71)*** 

4.64 (0.80)*** 

10.17 (7.77) 

-1.88 (2.34) 

 

-2.62 (0.77)*** 

3.34 (1.09)*** 

4.47 (1.49)*** 

2.92 (0.39)*** 

-4.71 (2.60)* 

5.00 (3.05) 

Obs. 

All convergence t ratio 

Overall max convergence 

ratio 

365 

<0.05 

<0.08 

365 

<0.11 

<0.22 

255 

<0.07 

<0.18 

110 

<0.12 

<0.17 

*p<0.01, **p<0.05, ***p<0.001 (two-tailed). Coefficients from RSIENA analysis of undirected network. 

 

5.1.1 Structural Effects of Network 

 

Although the estimated parameter for out-degree (density) does not provide any 

significant explanation of network change over time (Steglich et al. 2006), it tells about the 
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baseline of any random actor’s propensity to extend its tie to others within a network at any 

random time point. Table 5.1 shows that all out-degree values in the four models are consistently 

negative, which means that actors are less likely to extend a new tie to others in a network. In 

Model I, the overall out-degree of any actor in a green economic network is -6.77, which means 

the probability for the actor to extend a new tie at any random time point is �!!.!! = 0.001. That 

result indicates that any city/county among the 365 metropolitan governments does not feel 

much need to add a new tie for changing green economic networks. The table shows that small 

cities/counties in Model III are less likely to change their network through adding a new tie to 

others than the bigger cities/counties in Model IV. 

From the results in Model I, we can see how such baseline propensity of an actor changes 

in response to relational and environmental risks. Positive signs in coordinative and cooperative 

network effects indicate that both levels of relational risks influence the structural changes in 

green economic networks over time. For the low level of relational risks, effects of coordinative 

dilemmas on network structure are measured by indegree popularity are 1.55 (�!.!!), which 

means as coordinative dilemmas occur in a green economic network, the baseline probability of 

adding a new tie increases from 0.001 to 1.551. That is, a city/county with a higher indegree 

popularity gets 1.55 times more chance to add a new tie to others than otherwise. With regard to 

very low baseline propensity of adding a new tie, the effects of coordinative risks are significant 

to change the structure of a network.  

Another aspect in relational risks, cooperative dilemmas, also shows its huge significance 

in influencing structural changes in green economic networks. The coefficient of cooperative 

network effects measured by transitivity is 14.22, which means that in the high level of relational 

risks the baseline probability of adding a new tie increases dramatically from 0 to 1.5 million 

(�!".!! = 1498537.21). Such a huge variance between baseline and cooperative network effects 

implies that the green economic network is very sensitive or vulnerable to any increase of 

cooperative dilemmas. 

For the effects of environmental risks on structural changes in networks, the coefficient 

of hierarchy in ties measured by generalized eigenvector centrality shows negative value of -

1.52. Specifically, as environmental risks increase, a city/county with more hierarchical position 

in a network is less likely to add a new tie. In other words, a city/county changes the network 

structures into less consolidated and more horizontal ones to address localized issues.   
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While the results in Model I show that overall patterns in green economic networks 

change, Models III and IV demonstrate how different the structural patterns of network change 

are between small cities/counties and big cities/counties. In Model III, only the cooperative 

structure of a network is significant in explaining network change. Between 2000 and 2011, 

small cities and counties constructed more transitive and closed network structures, which 

indicates that green economic networks among small cities/counties focus more on addressing 

high level relational risks. In Model IV, green economic networks among big cities/counties with 

relatively sizable populations show similar patterns in structural change, which is less 

consolidated and more cooperative in addressing localized issues with high levels of relational 

risks. 

 

5.1.2 EECBG Effects 

 

The results in Model IV show that the EECBG itself does not influence a city/county’s 

propensity to change by adding a new tie to others. However, in the condition that a city/county 

is in specific patterns of network formation, the exogenous federal stimuli have significant 

effects of facilitating or mediating the patterns in network change. The coefficient of interaction 

term between ego-EECBG and coordinative effects is 0.10, which means if a city/county in a 

coordinative network structure gets large amount of EECBG, it increases the probability of the 

city/county adding a new tie by 1.11 times moreso than otherwise. For the interaction term 

between ego-EECBG and cooperative network effects, a large amount of EECBG awarded to a 

city/county in a cooperative network structure decreases the probability by 0.69 than otherwise. 

These results clearly indicate that the EECBG as an exogenous policy impact triggers 

network change into less cooperative structures. Simply put, as large amounts of EECBG are 

awarded, the probability of a city/county in a transitive network structure to add a new tie 

decreases from 8.76 (�!.!") to 8.07 (8.76-0.69). That is, cooperative effects on network change 

are mediated by the EECBG. These results are consistent with the empirical evidence of previous 

research on economic development policy networks (Kwak et al., forthcoming). 
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5.1.3 Effects of Resource Scarcity 

 

Although resource scarcity is measured by fiscal stress and dependency on external 

resources is hypothesized as a major motivation for city/county governments to collaborate with 

each other, the results provide a mixed picture of the effects on network change. In Model II for 

all metropolitan governments, fiscal stress has negative impacts on network change. The 

coefficient of fiscal stress effects indicates that a city/county with a high level of fiscal stress gets 

0.15 (�!!.!!) fewer times opportunity to add a new tie in green economic networks. Contrarily, 

dependence on external resources shows its positive influence on network change. If a 

city/county is highly dependent on external resources for revenue source, the city/county is 1.07 

(�!.!") times more active in adding a new tie in green economic networks than otherwise. 

However, as shown in Model IV, big cities/counties are less likely to add a new tie if they rely 

more on external resources. 

For the similarity effects in resource scarcity, results from Model II show the strong 

influence on the network change. Cities/counties with a similar level of resource scarcity are 

highly likely to collaborate with each other for green economy than with others with different 

levels of resource scarcity. However, as shown in Model IV, big cities/counties with similar 

levels of fiscal stress are less likely to collaborate with each other.  

 

5.1.4 Homophily Effects 

 

Other similarities in institutional factors positively affect the network change as 

hypothesized. Similarity in socio-economic institutions such as race and wealth and socio-

economic proximity measured by sameness of MSA show the significant influence on the 

city/county’s propensity to add a new tie to similar others for green economic development.  

In Model IV where population size is controlled to some extent, the similarity effects of 

population size show significant but negative impacts on network change. The coefficient 

indicates that green economic collaboration among big cities/counties is based more on 

differences that on similarities. That is, if cities/counties in a network are similar in population 

size, the probability of forming a new network among them decreases by 0.07 (�!!.!") than 

otherwise.  
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5.2 Discussion 

 

5.2.1 Metropolitan Green Economic Networks: Locked-in or Self-Evolving? 

 

Some mixed pictures from the analytic results remind us that we know little about the 

evolution of self-organizing mechanisms. Why do cities and counties prefer not to add a new tie 

in green economic networks over time? The results from rate function indicate that metropolitan 

green economic networks have rarely changed for twelve years. Compared with the results in a 

previous study on economic development networks (Kwak et al., forthcoming), which is 14.95 in 

average rate function between 2005 and 2012, the green economic development networks look 

much less elastic for change. Again, are the metropolitan green economic networks locked-in or 

self-evolving? 

On the one hand, to some extent, Florida metropolitan green economic networks are 

locked-in by the inherent nature of formal agreements. Considering that local governments are 

mostly bound in long-term arrangements such as 15 to 30 year agreements, it makes a sense that 

networks are quite stable over time. In particular, for the formal agreements needed for large 

scale investment with long-term cost depreciation such as utilities and infrastructure, once cities 

and counties commit it is difficult to break up the agreement. Also, even for short-term 

agreements, local governments do not usually make a choice of selecting partners as a rational 

choice in perfect market system. As shown in the results of the homophily effects, similarity and 

proximity in socio-economic institutions are supposed to reinforce the existing agreements into 

future agreements. Indeed, though more than a few short-term and long-term agreements for 

green economy expired in the periods of this research, most of them were renewed for another 

year or long-term periods without changing contract conditions and members. 

These rationales to explain how metropolitan green economic networks are locked-in 

imply the presence of path-dependency in network evolutions among highly homogenous actors. 

As Levi (1997) identifies in her essay, path-dependence is relevant when the reversal of the 

initial choice is highly costly in existing institutional arrangements, which is strongly associated 

with transaction costs in changing an exiting tie. Given that local governments are stuck with 

specific geographical location as well as specific demographic configuration, the effects of long-

term contracts with homophilous neighborhoods are strong enough to minimize the collaborative 
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costs in maintaining the existing networks but also to drastically increase the transaction costs in 

adding or breaking a tie.  

On the other hand, however, propensity changes in accordance with network structure 

indicate that metropolitan green economic networks also evolve over time. Despite the low rate 

of baseline propensity, the networks change into either web (horizontal and cooperative) or 

wheel (horizontal and coordinative) structures over time. Given the strong path-dependency, it is 

reasonable to explain that changes in relational risks dominate the structural changes in network. 

Strong effects of cooperative network structure show that any increase in relational risks such as 

defection risks drives the network structure into a cooperative form. Also, the negative impact of 

hierarchical structure on network changes implies that cities and counties pay more collaborative 

costs for securing autonomy in addressing localized issues. 

Then, how can we explain the self-evolving mechanisms under path-dependency? What 

makes cities and counties take such a high risk in changing network structure when otherwise it 

could be maintained with minimal costs? Some empirical cases of Florida metropolitan green 

economic networks can provide supportive evidence for cities/counties’ risk-taking behavior in 

stabilized network evolution. As stated above, most formal agreements for green economy are 

bound in the long term. However, not all the old agreements are satisfactory to every member in 

the collaboration. Indeed, as long as the history of agreements, there have been conflicts between 

big cities and small cities, and between counties and cities. Most conflicts are debates on the rate 

of service fees, responsibility for providing the services, and the taxation right, which are 

difficult to adjust in such a long-term agreement. In other words, ironically, long-term 

agreements to reduce transaction costs trigger new relational risks among actors. For instance, 

despite the long history of green economic collaboration between Jacksonville and neighboring 

small cities, there also has been a long history of conflict in levying different rates for water and 

waste management between the big city and the small towns. As a result, three coastal cities 

(Neptune Beach, Atlantic Beach, and Jacksonville Beach) formed a cooperative structured 

agreement for sharing a water treatment facility in 2002. Further, in 2011, Neptune Beach and 

Atlantic Beach broke the agreement with Jacksonville and formed an agreement for joint action 

against Jacksonville. This case shows how the long-term agreement based on coordinative 

collaboration shifts into a cooperative structure. 
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5.2.2 Exogenously Driven Structural Changes in Network 

  

In such a slow moving but apparently self-evolving mechanism, what impacts does the 

exogenous policy intervention have on green economic governance? The highlighted point here 

in research is to uncover the dynamics of federal policy within the local ecology of green 

economic policy. Though the EECBG does not aim to intervene purposefully in regional 

governance, an institutional approach makes us anticipate that the externalities from the EECBG 

would influence the way individual cities/counties consider collaborative costs in a green 

economy. Particularly, if the cities/counties have a high propensity to change endogenously 

developed network patterns, such an external stimulus would amplify the structural changes in 

network.  

Although the analytic results show that the scale of EECBG itself does not influence the 

individual city/county’s probability change in green economic network, the results in interaction 

terms also indicate that the scale of EECBG is significant in changing the probability of 

cities/counties in specific network structures. Although the EECBG has no significant impact on 

cities/counties’ responsive mechanisms to environmental risks, it considerably influences the 

way in which local governments respond to relational risks in green economy. When 

cities/counties in coordinative network structures receive large amounts of EECBG, this 

amplifies their preference to coordinative structure of green economic networks. That is, large 

amount of EECBG reinforces the popularized cities/counties’ collective benefits through 

extending their coordinative collaboration. To the contrary, when cities/counties in cooperative 

network structure get more EECBG, it reduces the preference to cooperative network structure. 

That means, large amount of EECBG makes cities/counties consider the selective benefits from 

reducing high collaborative costs in commitment-based network structure. These analytic results 

imply that the EECBG as an exogenous stimulus is effective in changing collaborative 

governance in green economic development. To the self-evolving patterns in response to 

relational risks, the federal grant amplifies the coordinative network structures while it mediates 

the cooperative structures. Through the EECBG, that is, relational risks that cities/counties 

confront in green economic collaboration are mitigated to the lower level of coordinative 

dilemmas.  
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However, this does not mean that the EECBG is most effective in reducing coordinative 

costs in endogenously developed green economic networks. Rather, the instant nature of the 

EECBG as an exogenous stimulus implies that the externally activated network effects are 

temporary and may come up with recursive patterns over time. Based on the assumption in 

stochastic model indicating recursive patterns towards a new stable state, to some extent, such a 

punctuated impact in network change is expected to be retroactive over time. In an institutional 

approach, it can be argued that individual actors do not promptly extend costly collaborative ties 

if externalities from the new tie are uncertain. In the case of EECBG, the uncertainty comes from 

the instant nature of federal stimuli. As cities/counties can anticipate that the federal grant is a 

one-shot opportunity to change existing network structures, it is reasonable that they act 

conservatively to save more selective benefits from the EECBG instead of actively addressing 

cooperative dilemmas. 

In this light, furthermore, this research argues that the temporal network change through 

exogenous stimuli may cause a new set of institutional collective action dilemmas. As temporal 

and strategic choices for network change are supposed to be recursive over the next few time 

periods, changes in structural position generate a different set of transaction costs for adding, 

retaining, and breaking ties. To this long-term effect of exogenous stimuli, different sets for 

transaction costs implies the increase of transaction costs for overall collaborative mechanisms, 

which need new rules of game. It is still early to make any judgment for the long-term effects of 

the EECBG, although the short-term effects on green economic networks can be evaluated 

through the effectiveness of network changes in terms of policy outcomes in the next chapter of 

this research. 
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CHAPTER SIX 

 

MANAGING NETWORK STRUCTURES FOR BETTER POLICY 

OUTCOMES 

 

6.1 Findings and Analysis
37 

 

This chapter demonstrates the empirical evidence indicating how effectively individual 

actors and networks as a whole manage network structures to attain more desired policy 

outcomes over time. Two sub-chapters show the indirect influences of network change on the 

desired policy outcomes of green job creation at the individual and whole network level. 

 

6.1.1 Network Effects on Selective Outcomes of Green Job Creation 

 

As stated in the model specification in Chapter 4, the EECBG effects is nested in 

eligibility for EECBG based on population size, which generates the Heckman sampling 

selection bias in analysis. Since the small cities (population size fewer than 35,000) and counties 

(fewer than 200,000) are excluded from the EECBG effects in green job creation, the eligibility 

for EECBG is highly associated with the amount of EECBG that individual cities/counties are 

awarded. To correct this error, a two-stage model is applied. 

Table 6.1 below shows that the eligibility for EECBG significantly influences the amount 

of the EECBG. In detail, eligible cities/counties get 1.68 times greater amount of EECBG than 

do non-eligible cities/counties. This difference in estimated parameter is applied to indicating 

different intercepts of EECBG effects between eligible and non-eligible local governments on 

green job creation in the second stage model.  

 

 

                                                
37

 All models are tested for goodness-of-fit (See Appendix I. & J.). For unit-unique errors, the fixed 

effects model is selected whereas the robust option is applied for heteroskedasity. Also, to control all 

other year-specific exogenous errors such as unobserved effects of financial crisis, all models are tested 
with year dummy variables (For the separate results of year dummy variables, see Appendix K.). 



 
 

85 

Table 6.1 Estimation Results of First-Stage Model on Amount of EECBG 

DV: Categorical Amount of EECBG Coefficient (S.E.) 

Eligibility of EECBG 

_Cons 

1.68 (0.03)*** 

1.00 (0.00)*** 

Obs. (Groups) 

Overall R-sqt (within/between) 

Wald chi-sqt (prob > chi-sqt) 

Rho 

3780 (315) 

0.47 (0.47/0.36) 

3334.13 (0.00) 

0.0003 

*p<0.01, **p<0.005, ***p<0.001 

 

 

6.1.1.1 Network factors 

The Results in Table 6.2 below show the overall consistency in network effects on green 

job creation. In Model I and II with one-stage fixed effects model, the coordinative structural 

effects of a network is negatively significant, which means that an individual city/county is 

supposed to get 0.86 (�!!.!") fewer green jobs than last year, as the government adds a 

coordinative structure in green economic networks. For the cooperative structural effects of 

network, the results indicate that any increase in cooperative position of individual city/county 

creates 1.12 (�!.!!) more green jobs than the previous year. Also, the increase in the hierarchical 

position of an individual city/county is supposed to create 1.22 (�!.!") more green jobs than the 

previous year.  

The results of interaction terms between relational risk-related network structures and 

environmental risk-related structures demonstrate that the increase in environmental risks has no 

significant effects on policy outcomes when the environmental risks are manageable at the 

localized issues. However, the interaction terms between cooperative and consolidated network 

structure show that if cities/counties in cooperative network formations confront the complicated 

and broader issues of environmental risks, green job creation decreases by 0.91 (�!!.!") than the 

previous year. With regard to the positive effects of coordinative and hierarchical network 

structure, specific combinations of risks (consolidated and cooperative) mediate the single 

network effects on green job creation. 

In Models III and IV with a two-stage fixed effects model, the overall network effects on 

green job creation are consistent with those in one-stage models. Coordinative structural position 

in green economic networks is positively associated with green job creation, whereas cooperative 
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and hierarchical positions have negative impacts. Also, the interaction terms between 

cooperative and hierarchical network structure is reported to mediate the single network effects 

on green job creation. 

 

6.1.1.2 Policy factors 

The direct effects of policy factors on green job creation are estimated as shown in Table 

6.2. For the EECBG impact as an exogenous stimulus, Models I and II with one-stage fixed 

effects model indicates that the EECBG has no significant direct effect on green job creation. 

However, when controlling population size through the instrumental variable of eligibility of 

EECBG as in Models III and IV, the EECBG is positively associated with green job creation. For 

the estimation in a two-stage fixed effects model, it is necessary to recall the functions of (12) 

and (13) in Chapter 4. 

First Stage: �!" = �! + �!�!" +  �!                                      (12) 

Second Stage: �!" = ��!,!!! + �! + ��!" + �!                                       (13) 

From the results shown in Table 6.1, we can get the predicted value of the categorical 

amount of EECBG clustered in the eligibility of EECBG. In the function of (12), the predicted 

value for eligible city/county’s EECBG is 2.68, whereas the predicted value for non-eligible 

actors is 1.00. Applying those fixed values to the second stage model of (13), yields two different 

functions on green job creation as below. 

Eligible city/county: �!" = ��!,!!! + �! + 2.68� + �!                                       (13-1) 

Non-eligible city/county: �!" = ��!,!!! + �! + 1.00� + �!                                       (13-2) 

In Model IV, eligible cities/counties with any unit increase of EECBG are supposed to 

create 1.38 (�!.!"∗!.!") more green jobs than the previous year, while non-eligible cities/counties 

create 1.13 (�!.!") more green jobs than the previous year. That is, EECBG creates 0.25 more 

green jobs for recipient cities/counties than non-eligible cities/counties. 

For other direct effects of policy factors, fiscal stress has no significant impact on green 

job creation, although it is hypothesized to be positively associated with job creation. However, 

expenditure on economic environment is positively associated with green job creation. That is, as 

cities/counties increase the proportion of expenditure on economic environment, the expenditure 

creates 1.02 (�!.!") more green jobs than the previous year.  
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6.1.1.3 Institutional factors 

Other institutional factors explain how institutional arrangements influence the 

city/county’s policy action to create green jobs. Although the population size does not show any 

significance in green job creation, the proportion of white population is negatively significant in 

creating green jobs. That is, as the proportion of white population increases by one unit, it creates 

0.98 (�!!.!") fewer green jobs than the previous year. Considering that the proportion of race 

group is almost constant over time, this result can be interpreted as white population dominant 

cities/counties create fewer green jobs than otherwise. 

Likewise, other socio-economic institutional factors provide between group information 

on green job creation, although the fixed model itself is not supposed to fit explaining unit 

variant effects. Model IV shows that cities/counties with more young educated female population 

are more advantageous for creating green jobs than otherwise. 

 

 

Table 6.2 Estimation Results on Green Job Creation (Fixed, Individual Level) 

 Model I Model II Model III Model IV 

Lagged Green Job 

Creation 

 

-0.00 (0.00)*** 

 

-0.00 (0.00)** 

 

-0.00 (0.00)*** 

 

-0.00 (0.00)*** 

Network Factors 

Coordinative 

Cooperative 

Hierarchical 

Coordinative X 

Hierarchical 

Cooperative X 

Hierarchical 

 

-0.15 (0.06)** 

0.11 (0.05)** 

0.20 (0.04)*** 

-0.05 (0.04) 

 

-0.09 (0.05)* 

 

 

-0.15 (0.07)** 

0.11 (0.05)* 

0.18 (0.06)** 

-0.05 (0.04) 

 

-0.07 (0.07) 

 

 

-0.16 (0.06)** 

0.11 (0.05)** 

0.21 (0.04)*** 

-0.05 (0.04) 

 

-0.09 (0.05)** 

 

 

-0.16 (0.06)** 

0.11 (0.05)** 

0.18 (0.04)*** 

-0.05 (0.04) 

 

-0.08 (0.04)* 

Policy Factors 

EECBG (cat. amount) 

Fiscal Stress 

Exp. on Econ. Env. 

Exp. on Phy. Env. 

 

0.00 (0.01) 

 

0.00 (0.01) 

0.04 (0.08) 

0.02 (0.01)** 

-0.00 (0.00) 

 

0.13 (0.04)** 

 

0.12 (0.04)** 

0.03 (0.06) 

0.02 (0.00)*** 

0.00 (0.00) 

Institutional Factors 

Population size (ln) 

White 

Male 

Old Population 

 

 

 

 

 

 

0.06 (0.07) 

-0.02 (0.01)** 

-0.02 (0.02) 

-0.02 (0.01) 

 

 

 

 

 

 

0.07 (0.06) 

-0.02 (0.00)*** 

-0.02 (0.01)** 

-0.01 (0.01)** 

*p<0.01, **p<0.05, ***p<0.001 
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Table 6.2 Continued 

 Model I Model II Model III Model IV 

Bachelor 

Income 

_Cons 

 

 

5.82 (0.04)*** 

0.04 (0.01)*** 

-0.00 (0.00) 

7.81 (1.24)*** 

 

 

5.69 (0.06)*** 

0.04 (0.01)*** 

-0.00 (0.00) 

7.63 (0.81)*** 

Obs. (Groups) 

Overall R-sqt 

(within/between) 

F-statistics (prob > F) 

Rho 

3069 (312) 

0.12 (0.29/0.52) 

 

124.60 (0.00) 

0.97 

3046 (312) 

0.02 (0.31/0.17) 

 

87.35 (0.00) 

0.97 

3069 (312) 

0.13 (0.29/0.50) 

 

124.61 (0.00) 

0.97 

3046 (312) 

0.02 (0.32/0.17) 

 

87.36 (0.00) 

0.97 

*p<0.01, **p<0.05, ***p<0.001 

 

 

6.1.2 Network Effects on Collective Outcomes of Green Job Creation 

 

This section analyzes the network effects on green job creation at the collective level of 

metropolitan statistical areas. While the previous section shows how individual network 

positions of cities/counties influence the selective outcomes of green job creation, this section 

focuses on how the network configurations affect the collective outcomes of green job creation at 

the MSA level. 

 

6.1.2.1 Network factors 

The Results in Table 6.3 show that network effects on green job creation are consistent 

over models. In basic Model V, coordinative network configuration at the metropolitan level is 

positively associated with green job creation. As network configuration of randomly selected 

metropolitan area gets more coordinative, the total green jobs created in the area is expected to 

increase by 1.09 (�!.!") than the previous year, while cooperative network structure does not 

have any significant impact on collective outcomes of green job creation. Also, the hierarchical 

structures in metropolitan green economic network are expected to negatively influence green 

job creation by 0.91 (�!!.!") than the previous year. However, the interaction terms between 

relational risk-related network configuration and environmental risk-related configuration are 

shown as not significant in creating green jobs at the collective level. 
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6.1.2.2 Policy factors 

Without consideration of other policy and institutional factors in Model V, the policy 

effects of EECBG on collective green job creation is 1.04 (�!.!") by year, while the direct effects 

slightly decrease into 1.02 (�!.!") by year with consideration of other factors in Model VI. In 

any model, the EECBG as an exogenous stimulus has significant impact on creating more green 

jobs at the collective level.  

Also, the fiscal stress at the aggregated level is significant in creating more green jobs, 

which is not significant at the selective level. That is, as overall fiscal stress increases in the 

whole network, 1.23 �!.!"  more green jobs are created in that metropolitan area. And, the 

positive effects of expenditure on economic environment show that more money is collectively 

spent in economic environments, the increase in expenditure contributes to creating 1.02 (�!.!") 

more green jobs than the previous year. 

 

6.1.2.3 Institutional factors 

The positive influence of aggregated population size indicates that increase of population 

size at the collective level contributes to creating more green jobs in the area. Also, other 

institutional factors at the collective level show that the metropolitan area with fewer white 

population dominant, old aged, and higher educated population is expected to create more green 

jobs by year than otherwise. 

 

 

Table 6.3 Estimation Results on Green Job Creation (Fixed, MSA Level) 

 Model V Model VI 

Lagged Green Job Creation 0.00 (0.00)*** 0.00 (0.00)* 

Network Factors 

Coordinative 

Cooperative 

Hierarchical 

Coordinative X Hierarchical 

Cooperative X Hierarchical 

 

0.09 (0.02)*** 

0.02 (0.02) 

-0.09 (0.04)** 

0.00 (0.01) 

0.03 (0.03) 

 

0.06 (0.01)*** 

-0.00 (0.02) 

-0.05 (0.02)* 

-0.01 (0.01) 

-0.00 (0.02) 

Policy Factors 

EECBG (cat. amount) 

Fiscal Stress 

 

0.04 (0.01)*** 

 

0.02 (0.01)** 

0.21 (0.01)** 

*p<0.01, **p<0.05, ***p<0.001 
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Table 6.3 Continued 

 Model V Model VI 

Exp. on Econ. Env. 

Exp. on Phy. Env. 

 0.02 (0.01)** 

-0.00 (0.00) 

Institutional Factors 

Population size (ln) 

White 

Male 

Old Population 

Bachelor 

Income 

_Cons 

 

 

 

 

 

 

 

10.15 (0.04)*** 

 

1.23 (0.12)*** 

-0.02 (0.00)*** 

0.03 (0.02) 

0.03 (0.01)*** 

0.01 (0.00)* 

-0.00 (0.00) 

-7.35 (1.65)*** 

Obs. (Groups) 

Overall R-sqt (within/between) 

F-statistics (prob > F) 

Rho 

209 (19) 

0.68 (0.43/0.70) 

19.49 (0.00) 

0.97 

209 (19) 

0.94 (0.78/0.94) 

37.45 (0.00) 

0.96 

*p<0.01, **p<0.05, ***p<0.001 

 

 

6.2 Discussion 

 

To better understand the complex dynamics of collaboration change and its impacts on 

outcomes, it is important to recall the fundamental conditions behind the institutional collective 

action dilemmas. As Ostrom (1971) and other scholars in the early institutional school 

(Williamson, 1975, 1981; Olson, 1965) point out, collective action among individual actors is 

purposefully formed to address common pool resource problems through an artificially designed 

and agreed upon instrument of institutions. Although the later school of institutional study 

(Feiock, 2009) advances the collective action framework into focusing on institutional set as 

another source of collective action dilemmas, the academic and practical inquiry on the causal 

relationships between effective collective action and desired outcomes is not well answered. This 

section provides insight and empirical evidence to answer how well the network change is geared 

to the effectiveness of collaboration both individually and collectively. 
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6.2.1 Network Matters in Policy Outcomes? 

 

To the big question of “Do networks matter in policy outcomes?,” analytic results in this 

research indicate that networks matter in policy performance but in the complex way of 

collaborative mechanisms. Simply stated, network influences policy outcomes of green job 

creation, as shown by the statistical significance of network factors. More complexly, however, 

the results show the individual cities/counties’ changing collaborative mechanisms and 

individual and collective outcomes of the choice. And much more complexly, the results explain 

how cities/counties respond to the relational and environmental risks collectively and what the 

local governments acquire intentionally or unintentionally from the collective action, since the 

collaboration does not always aim at direct policy performance.  

In this light, network effects on green job creation are indirect rather than direct, since 

interlocal agreements for green economic development are not for creating jobs collectively but 

for collaborating with each other in green economic services that are expected to lead to more 

green jobs in local economy. At the individual level, results show that commitment based, 

collaborative mechanisms provide more selective benefits to individual cities/counties. It makes 

sense that information and resources exchanged through a cooperative network structure is more 

reliable. Likewise, the consolidated collaborative mechanism gives more advantages in green job 

creation to individual local governments, since reliable information and resources are exchanged 

more frequently among influential actors. However, such an effectiveness of collaborative 

mechanisms is mediated when individual cities/counties join both cooperative and consolidated 

networks, where the costs to get reliable information and resources are too high. 

In terms of risks to which individual actors change their network preferences to respond, 

high levels of relational risk makes the network more effective in addressing commitment risks, 

through which individual cities/counties in the network can attain trustful relations in green 

economic activities. In the same way, to the high level of uncertainties in environments, 

consolidated network structure is effective in addressing complicated and broader issues, through 

which individual cities/counties break up less influential direct relations in green economic 

activities. However, when high levels of uncertainties in environments provoke or come up with 

high levels of relational risks, transaction costs in addressing both risks overrun the expected 

selective benefits from collaborative green economic activities. 
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With regard to direct policy impacts on green job creation, these indirect selective 

benefits from individual network position imply that effective ways of mitigating risks through 

network structure can amplify the policy effects on green economic outcomes. At the same time, 

however, structural changes of networks into the “windmill type” (consolidated and cooperative) 

may exacerbate the effectiveness of networks in policy performance, though the structural 

pattern is the most effective in addressing such collaborative risks. 

 

6.2.2 Selective vs. Collective Effectiveness of Network 

 

As Provan and Milward (1995) argue, an effective network at the individual level does 

not always lead to overall wellbeing at the collective level. Rather, as shown in Table 6.2 and 

Table 6.3, some findings seem contradictory at first glance. While coordinative network structure 

has negative impacts on green job creation at the individual level, the same structure at the 

collective level is positively associated with green job creation. Also, a consolidated network 

structure at collective level, unlike the one at individual level, negatively influences green job 

creation. 

These contradictory results imply that we need to consider transaction costs differently in 

accordance with the level of collaboration. At the individual level, increased transaction costs 

through more coordinative or consolidated network structures can be imposed on less influential 

partners within the network, through which individual cities/counties with advantageous network 

positions can attain more selective benefits. However, those accumulated transaction costs in the 

whole network can exacerbate the overall effectiveness of the network as a whole. In terms of 

hierarchical structure, such a configuration increases the collaborative costs of less influential 

cities/counties through long and indirect paths to influential actors, while the exchange of 

relevant information and resources is concentrated among influential actors and hub actors 

through short and direct paths. As shown in the theoretical frameworks in Chapter 3, such an 

asymmetric exchange causes inefficiency in information flows at the system level. In the same 

way, the coordinative configuration is most efficient in information and resource exchanges at 

the whole network level, though it is not effective in securing reliable information and resources 

at the individual level. 



 
 

93 

In this light, such contradictory results also imply that selective benefits that individual 

actors pursue through changing network positions would be mediated by the collective costs 

derived from configurative patterns over time. Although these results cannot be generalized as 

the most effective patterns of network structure, it is argued that individual collaborative costs 

cannot be eliminated or discounted at the collective level. This implication can be extended into 

future studies on whether the individual collaborative costs can be transferred through extensive 

networks with outside actors or networks.  

 

6.2.3 Exogenously Driven Network Change and its Impacts on Policy Outcomes in Green 

Economic Development 

 

The last part of the analytic section deals with how to integrate the analytic results for 

network change in chapter 5 and performance of network change in this chapter into a sequential 

inference to explain the exogenously driven network changes and their impacts on policy 

performance in metropolitan green economic development. At the individual level, EECBG has 

impacts on structural patterns in green economic networks (see Model IV in Table 5.1), which 

leads long-term agreement dominant collaborative mechanisms to more coordinative and less 

cooperative structures. Although such an exogenously driven network change is expected to 

mitigate the high level of relational risks in collaboration, the affected network structures are 

ineffective in attaining more desired policy outcomes (see Model IV in Table 6.2). The network 

positions shifted by the EECBG are negatively associated with green job creation. Increased 

structural position in coordinative networks is more likely to reduce green job creation than the 

previous year, whereas decreased structural position in the cooperative network is less likely to 

increase green job creation than the previous year. As a result, the externally activated network 

change degrades the effectiveness of collaborative mechanisms in green economic development.  

With regard to direct and positive impact of the EECBG, it implies that governance 

outcomes can be different from policy outcomes. In particular, the infused policy impact of the 

EECBG makes different outcomes between green economic governance and green economic 

policy. That is, while the EECBG generates positive externalities in reducing transaction costs in 

existing collective action dilemmas, the activated network change also generates negative 

externalities in resolving collective problems in green economy. 
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These confusing results recast the fundamental question of  “why cooperate?” in 

institutional approach. We have not fully considered which governance mechanism can be a 

better answer to the question, between effective governance to resolve collective action 

dilemmas and effective governance to resolve collective problems. However, through this 

research, we can clearly argue that federal intervention, even less specifically purposeful block 

grant, can affect the endogenously developed collaborative mechanisms and also generate 

unexpected externalities in policy outcomes. 
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CHAPTER SEVEN 

 

CONCLUSION AND FUTURE RESEARCH 

 

7.1 Conclusion 

 

This research uncovers relevant missing pieces in putting the puzzle together to the 

complicated puzzle of metropolitan collaborative mechanisms. We already have some big pieces 

placed in their position; transaction costs for motivating mechanisms; institutional arrangements 

for restricting mechanisms; and network patterns for evolving mechanisms. However, to answer 

the question of “why cooperate?”, single pieces are not enough, we need connected blocks of 

pieces.   That is why this research focuses on the effectiveness of collaboration as a bridging 

piece in the puzzle. The effectiveness on policy outcomes can explain why and how local 

governments keep cooperating over time despite the high costs of forming, retaining, and 

breaking the relationships with others.  

In specific policy area of green economic development, this research contributes to 

methodologically and theoretically by extending the ICA framework capturing the evolving 

mechanisms of institutional collective action as well as the effectiveness of collaboration. 

Despite its theoretical richness, most ICA studies do not effectively figure out the whole picture 

of long-range collaborative mechanisms. The studies provide a fine snapshot of self-organizing 

mechanisms among sizable sample cities/counties but are methodologically limited by their 

reliance on survey-based cross-sectional analysis. Applying semantic network techniques to 

time-series network analysis allows this research to cover a decade’s evolution of collaboration 

within all 19 metropolitan areas of Florida including small sized cities and counties. This 

advanced methodology enables us to look at the collaborative patterns over time with minimized 

sampling errors from single estimation.  

Moreover, employing exogenous stimuli as an influential factor for network change, this 

research builds a testable quasi-experimental condition in which endogenously developed 

patterns in network change are contrasted with those of exogenously driven network change. 

Methodologically, this set of treatment factor makes an advance in the stochastic model based 



 
 

96 

institutional analysis in the way of capturing the actor’s propensity to change towards new stable 

relationships over transitional fluctuations.  

This research offers a methodological resolution for multicolinearity problems in 

employing network factors. Specified structural patterns based on the extensive risk-hypothesis 

reduce the potential bias in network effects that is mostly caused by mono-toned application of 

centrality to measuring network effects. Network structures measured as responsive mechanisms 

to different types of risk produce a consistent explanation to the effectiveness of collaboration. 

Furthermore, network effects at collective level provide a more realistic explanation for the 

effectiveness of networks as a whole. 

Theoretically, this research provides critical empirical evidence to better understand the 

complicated mechanisms in institutional collective action. The presence of slow evolving 

mechanisms through long-term agreement is what the institutional approach overlooks in 

consideration of transaction costs. Long-term agreement dominant collaboration means that in 

forming collaborative mechanisms individual actors prefer a lump-sum decision and a piecemeal 

adjustment over time instead of making a single decision at every time point, which implies the 

highest transaction costs at the formation of network and depreciated costs over time. The role of 

institutional arrangement, similarity in particular, is highlighted as a guarantee for taking high 

transaction costs in network formation and influencing following depreciation rate over time. In 

that sense, the sensitivity or vulnerability to defection risks shown in this research can be 

explained at the institutional level. 

This research expands the theoretical span of the ICA framework to explain the 

effectiveness of various collaborative mechanisms. To avoid the theoretical pitfall of good 

governance debates, the focus is on the cost side of governance effects on policy outcomes.  

Externally activated network changes influence the individual and overall consideration of 

transaction costs, which in turn influences the policy outcomes and thus indirectly impacts policy 

outcomes. More importantly, this research concludes that the effective governance is not always 

effective in policy outcomes.  

In practice federal intervention through grant programs can be an effective way to 

facilitate the local efficiency in policy performance in the short-term, but not necessarily an 

effective way to facilitate effective governance mechanisms and policy outcomes in the long-

term. We already witnessed how the federal grants facilitated poorly managed local resources in 
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similar cases in history such as the TVA during the Great Depression. Also, we witnessed how 

the grant could be misused to undercut the local ecology of self-developed economy. Though 

still early for long-term effects on endogenously developed collaborative mechanisms and policy 

outcomes, this research clearly demonstrates what local governments should pay for.  

 

7.2 Limitations and Future Research 

 

7.2.1 Limitations 

 

Despite the theory-based findings and new insights to understand metropolitan 

collaboration, this research is limited in several ways and leaves some questions to be more fully 

answered in future research. First, as this research focuses on the collaborative costs in formation 

of networks, it does not explain why others do not collaborate. Only 38% of metropolitan 

cities/counties examined in Chapter 4 form collaborative governance for green economy, while 

other 62% do not purse these programs or do so individualistically.  Since the hypotheses derived 

from institutional theories are based on the assumption that commonly confronted problems and 

institutional fragmentation make individuals more likely to collaborate with each other, the 

presence of non-collaborating actors implies that there may be other mechanisms for individuals 

to resolve the problems. Given the formation-based network analytic techniques, however, such 

a dissolution function of collaborative mechanisms is only very limitedly explored here. Another 

limitation of this study is overwhelming effects of long-term agreement in measuring network 

change over time. Though the findings in long-term agreement based formal networks provide an 

insight into understanding how the transaction costs among individual actors are depreciated 

through slow moving homophilous network change, such long-term agreements also absorb the 

effects of short-term agreements on structural change in the network. Indeed, given the 

measurement structure in which any green economic agreement is counted as the formation of 

network, short-term network changes do not affect the formation and break-up of existing 

network if there already exists a long-term agreement. 

Also, it might be still early to say that exogenously driven network change is influential 

enough to change individual and whole network’s preference in network structures and their 

performance. Despite statistically significance the 2009 federal intervention may be too recent a 
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stimulus to judge whether the structural change is fluctuations or a new stable phase. Although it 

highly depends on the availability of most recent data, research needs to examine longer term 

effects of exogenously driven network change.  

Finally, the boundary or scope of network employed in this research needs to be more 

elaborated in further research. In particular, the boundary of network as a whole may cause 

measurement bias in network effects, though it still provides theory-based and testable criteria in 

measuring network as a whole in metropolitan area. Indeed, some collaboration is formed over 

regions larger than metropolitan boundaries, which is eliminated in current measurement. For 

more realistic investigation of network effects at collective level, institutional collective action 

hypotheses on network boundary needs to be developed at the whole network level. 

 

7.2.1 Future Research 

 

Empirical findings and limitations in my concurrent research provide abundant insights 

for future studies to advance institutional theories with elaborative methodological applications. 

Most of all, functional collective action dilemmas fit well a green economic development 

research agenda. Although this research articulates the dynamics of local governments’ 

collaboration, in the real world of governance mechanisms, multiple services are interdependent 

among governments, agencies, authorities, and other entities that are not included in this study. 

The emerging concept of functional collective action dilemmas (Shrestha and Feiock 2009; 

Feiock and Krause 2015) explains how interdependent service or policy area networks influence 

each other in searching resolution of overlapped boundary in collaboration. In green economic 

development, this research found that multiple areas identified as green economy such as 

electricity, recycling waste, and water services are intermingled with multiple authorities and 

multiple time-spanned agreements. From the concrete step of long-term agreement based 

structural feature of collaboration, future study will extend it into explore the more complicated 

dynamics of functional collective action.  

Another future research interests lie in the dissolution functions in policy networks 

described as a limitation of this research. While the institutional literature focused  “Why 

cooperate?” provides strong empirical evidences of positive effects of collaborative mechanisms, 

little attention has been paid to the question of “Why cities keep cooperating, even when it does 
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not seem effective?” Expanded from concurrent research interests in the utility of collaboration, 

this question offers the intuition to see the conditions on dissolving networks.  
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APPENDIX A 

 

LIST OF FLORIDA METROPOLITAN STATISTICAL AREAS 

MSA County City 

Cape Coral-Fort 

Myers 

Lee Bonita Springs, Cape Coral, Fort Myers, Fort Myers Beach,  
Sanibel 

Crestview-Fort 

Walton Beach-

Destin 

Okaloosa 

 

Cinco Bayou, Crestview, Destin, Fort Walton Beach, 
Laurel Hill, Mary Esther, Niceville, Shalimar, Valpariso 

Deltona-Daytona 

Beach-Ormond 

Beach 

Flagler 

Volusia 

 

Beverly Beach, Bunnell, Daytona Beach, Daytona Beach, 
Shores, DeBary, DeLand, Deltona, Edgewater, Flagler 
Beach 
Holly Hill, Lake Helen, Marineland, New Smyrna Beach, 
Oak Hill, Orange City, Ormond Beach, Palm Coast, 
Pierson, Ponce Inlet, Port Orange, South Daytona 

Gainesville Alachua 

Gilchrist 

Alachua, Archer, Bell, Fanning Springs, Gainesville 
High Springs, La Crosse, Micanopy, Newberry, Trenton, 
Waldo 

Jacksonville Baker 

Clay 

Duval 

Nassau 

St. Johns 

Atlantic Beach, Baldwin, Callahan, Fernandina Beach 
Glen Saint Mary, Green Cove Springs, Hastings 
Hilliard, Jacksonville, Jacksonville Beach 
Keystone Heights, Macclenny, Neptune Beach 
Orange Park, Penney Farms, St. Augustine 
St. Augustine Beach 

Lakeland-Winter 

Haven 

Polk Auburndale, Bartow, Davenport, Dundee, Eagle Lake 
Fort Meade, Frostproof, Haines City, Highland Park 
Hillcrest Heights, Lake Alfred, Lake Hamilton 
Lakeland, Lake Wales, Mulberry, Polk City, Winter Haven 

Miami-Fort 

Lauderdale-West 

Palm Beach 

Broward 

Miami-Dade 

Palm Beach 

Atlantis, Aventura, Bal Harbor, Bay Harbor Islands 
Belle Glade, Biscayne Park, Boca Raton, Boynton Beach 
Briny Breezes, Cloud Lake, Coconut Creek, Cooper City 
Coral Gables, Coral Springs, Dania Beach, Davie 
Deerfield Beach, Delray Beach, Doral, El Portal, Florida 
City 
Fort Lauderdale, Glen Ridge, Golden Beach, Golf, 
Greenacres, Gulf Stream, Hallandale, Haverhill, Hialeah 
Hialeah Gardens, Highland Beach, Hillsboro Beach, 
Hollywood, Homestead, Hupoluxo, Indian Creek, Islandia 
Juno Beach, Jupiter, Jupiter Inlet Colony, Key Biscayne 
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Lake Clarke Shores, Lake Park, Lake Worth, Lantana 
Lauderdale-by-the-Sea, Lauderdale Lakes, Lauderhill 
Lazy Lake, Lighthouse Point, Loxahatchee Groves 
Manalapan, Mangonia Park, Margate, Medley, Miami 
Miami Beach, Miami Gardens, Miami Lakes 
Miami Shores Village, Miami Springs, Miramar 
North Bay Village, North Lauderdale, North Miami 
North Miami Beach, North Palm Beach, Oakland Park 
Ocean Ridge, Opa-locka, Pahokee, Palm Beach 
Palm Beach Gardens, Palm Beach Shores, Palmetto Bay 
Palm Springs, Parkland, Pembroke Park, Pembroke Pines 
Pine Crest, Plantation, Pompano Beach, Riviera Beach 
Royal Palm Beach, Sea Ranch Lakes, South Bay 
South Miami, South Palm Beach, Sunny Isles Beach 
Sunrise, Surfside, Sweetwater, Tamarac, Tequesta 
Virginia Gardens, Wellington, West Miami, Weston 
West Palm Beach, Wilton Manors 

Naples-

Immokalee-

Marco Island 

Collier Everglades City, Marco Island, Naples 

North Port-

Brandenton-

Sarasota 

Manatee 

Sarasota 

Anna Maria, Bradenton, Bradenton Beach, Holmes Beach 
Longboat Key, North Port, Palmetto, Sarasota, Venice 

Ocala Marion Belleview, Dunnellon, McIntosh, Ocala, Reddick 

Orlando-

Kissimmee-

Sanford 

Lake 

Orange 

Osceola 

Seminole 

Altamonte Springs, Apopka, Astatula, Bay Lake, Belle Isle 
Casselberry, Clermont, Eatonville, Edgewood, Eustis 
Fruitland Park, Groveland, Howey-in-the-Hills 
Kissimmee, Lady Lake, Lake Buena Vista, Lake Mary 
Leesburg, Longwood, Maitland, Mascotte, Minneola 
Montverde, Mount Dora, Oakland, Ocoee, Orlando, Oviedo 
St. Cloud, Sanford, Tavares, Umatilla, Windermere 
Winter Garden, Winter Park, Winter Springs 

Palm Bay-

Melbourne-

Titusville 

Brevard Cape Canaveral, Cocoa, Cocoa Beach, Grant-Valkaria 
Indialantic, Indian Harbour Beach, Malabar, Melbourne 
Melbourne Beach, Melbourne Village, Palm Bay, Palm 
Shores, Rockledge, Satellite Beach, Titusville, West 
Melbourne 

Panama City Bay 

Gulf 

Callaway, Cedar Grove, Lynn Haven, Mexico Beach 
Panama City, Panama City Beach, Parker, Port St. Joe 
Southwest Ranches, Springfield, Wewahitchka 

Pensacola-Ferry 

Pass-Brent 

Escambia 

Santarosa 

Century, Gulf Breeze, Jay, Milton, Pensacola 
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Port St. Lucie Martin 

St. Lucie 

Fort Pierce, Jupiter Island, Ocean Breeze Park, Port St. 
Lucie 
St. Lucie Village, Sewall's Point, Stuart 

Punta Gorda Charlotte Punta Gorda 

Sebastian-Vero 

Beach 

Indian River Fellsmere, Indian River Shores, Orchid, Sebastian 
Vero Beach 

Tallahassee Gadsden 

Jefferson 

Leon 

Wakulla 

Chattahoochee, Greensboro, Gretna, Havana, Midway 
Monticello, Quincy, St. Marks, Sopchoppy, 
Tallahassee 

Tampa-St. 

Petersburg-

Clearwater 

Hernando 

Hillsborough 

Pasco 

Pinellas 

Belleair, Belleair Beach, Belleair Bluffs, Belleair Shore 
Brooksville, Clearwater, Dade City, Dunedin, Gulfport 
Indian Rocks Beach, Indian Shores, Kenneth City, Largo 
Madeira Beach, New Port Richey, North Redington Beach 
Oldsmar, Pinellas Park, Plant City, Port Richey 
Redington Beach, Redington Shores, Safety Harbor 
Saint Leo, St. Pete Beach, St. Petersburg, San Antonio 
Seminole, South Pasadena, Tampa, Tarpon Springs 
Temple Terrace, Treasure Island, Weeki Wachee 
Zephyrhills 

19 MSAs 40 Counties 325 Cities 
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APPENDIX B 

 

LIST OF MEDIA SOURCES 

Publication (Total 91 Newspapers & Newswires) Source Type Date Range 

Banner, The (Bonita Springs, FL) Newspaper 1996 - Current 

Beach Times (Miami Beach, FL) Newspaper 2005 - 2005 

Biscayne Boulevard Times (Miami, FL) Newspaper 2005 - Current 

Boca Raton News (FL) Newspaper 2006 - 2009 

Bonita Daily News (FL) Newspaper 2006 - 2014 

Bradenton Herald, The (FL) Newspaper 1989 - Current 

Bradenton Observer, The (FL) Newspaper 2006 - 2007 

Branford News, The (FL) Newspaper 2008 - 2009 

Business Observer (Sarasota, FL) Newspaper 2006 - Current 

Caloosa Belle (LaBelle, FL) Newspaper 2007 - Current 

Cedar Key Beacon (FL) Newspaper 2008 - Current 

CENTRO Tampa (FL) Newspaper 2008 - Current 

Charlotte Sun (Port Charlotte, FL) Newspaper 1996 - Current 

Chiefland Citizen (FL) Newspaper 2008 - Current 

Citrus County Chronicle (Crystal River, FL) Newspaper 2007 - Current 

Clewiston News (FL) Newspaper 2007 - Current 

Collier Citizen (FL) Newspaper 2005 - Current 

Daily Commercial, The (Leesburg, FL) Newspaper 2000 - Current 

Daytona Beach News-Journal (FL) Newspaper 1996 - Current 

DeSoto Sun (Arcadia, FL) Newspaper 1996 - 2010 

Destin Log, The (FL) Newspaper 2006 - Current 

Diario Las Americas (Miami, FL) Newspaper 2001 - 2003 

East County Observer, The (Sarasota, FL) Newspaper 2006 - Current 

El Nuevo Herald (Miami, FL) Newspaper 1982 - Current 

El Sentinel (Fort Lauderdale, FL) Newspaper 2002 - Current 

El Sentinel (Orlando, FL) Newspaper 2001 - Current 

Englewood Sun (FL) Newspaper 1996 - Current 

Florida Keys Keynoter (Marathon, FL) Newspaper 2002 - Current 

Florida Times-Union, The (Jacksonville, FL) Newspaper 1996 - Current 

Fort Myers Florida Weekly (FL) Newspaper 2007 - Current 

Gainesville Sun, The (FL) Newspaper 1995 - Current 

Glades County Democrat (FL) Newspaper 2007 - Current 

Hernando Today (Brooksville, FL) Newspaper 2007 - 2014 

Highlands Today (Sebring, FL) Newspaper 2007 - Current 

Immokalee Bulletin (FL) Newspaper 2007 - Current 
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Jackson County Floridan (Marianna, FL) Newspaper 2008 - Current 

Jasper News, The (FL) Newspaper 2007 - Current 

Key West Citizen, The (FL) Newspaper 1999 - Current 

Keys Sunday (Key West, FL) Newspaper 2007 - 2008 

La Palma (FL) Newspaper 2005 - 2010 

Ledger, The (Lakeland, FL) Newspaper 1994 - Current 

Longboat Observer, The (Longboat Key, FL) Newspaper 2006 - Current 

Marco Island Eagle (FL) Newspaper 2006 - Current 

Mayo Free Press, The (FL) Newspaper 2008 - Current 

Miami Herald, The (FL) Newspaper 1982 - Current 

Naples Daily News (FL) Newspaper 1995 - Current 

Naples Florida Weekly (FL) Newspaper 2008 - Current 

News Herald, The (Panama City, FL) Newspaper 2006 - Current 

News-Sun (Sebring, FL) Newspaper 2005 - Current 

North Manatee Observer, The (Bradenton, FL) Newspaper 2006 - 2007 

North Port Sun (FL) Newspaper 1996 - Current 

Northwest Florida Daily News (Fort Walton Beach, FL) Newspaper 2006 - Current 

Ocala Star-Banner (FL) Newspaper 1991 - Current 

Okeechobee News (FL) Newspaper 2007 - Current 

Orlando Sentinel, The (FL) Newspaper 1985 - Current 

Orlando Weekly (FL) Newspaper 2005 - 2013 

Palm Beach Daily News (FL) Newspaper 2000 - Current 

Palm Beach Post, The (FL) Newspaper 1989 - Current 

Punta Gorda-Port Charlotte Florida Weekly (FL) Newspaper 2009 - Current 

Reporter, The (Tavernier, FL) Newspaper 2004 - Current 

Riverland News (Dunnellon, FL) Newspaper 2008 - Current 

Sarasota Herald-Tribune (FL) Newspaper 1996 - Current 

Sarasota Observer, The (Sarasota, FL) Newspaper 2006 - Current 

South Lake Press (Clermont, FL) Newspaper 2005 - Current 

South Marion Citizen (Ocala, FL) Newspaper 2008 - Current 

South Sarasota Observer, The (Sarasota, FL) Newspaper 2006 - 2008 

St. Augustine Record, The (FL) Newspaper 2000 - Current 

Stuart News-Port St. Lucie News/St. Lucie News 

Tribune/Jupiter Courier/Fort Pierce News (FL) 

Newspaper 1995 - Current 

Sumter County Times (Bushnell, FL) Newspaper 2008 - Current 

Sun Sentinel (Fort Lauderdale, FL) Newspaper 1986 - Current 

Sun, The (Belle Glade, FL) Newspaper 2007 - Current 

Suwannee Democrat (Live Oak, FL) Newspaper 2007 - Current 

Tampa Bay Times (FL) Newspaper 1987 - Current 

Tampa Tribune, The (FL) Newspaper 1990 - Current 
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Venice Gondolier Sun (FL) Newspaper 1996 - Current 

Vero Beach Press Journal/Sebastian Sun/50 Plus 

Lifestyles/Florida Fairways (FL) 

Newspaper 1997 - Current 

Wakulla News, The (Crawfordville, FL) Newspaper 2008 - Current 

Walton Sun, The (Santa Rosa Beach, FL) Newspaper 2006 - Current 

West Volusia Beacon, The (DeLand, FL) Newspaper 2000 - Current 

Venice Gondolier Sun (FL) Newspaper 1996 - Current 

Associated Press State Wire: Florida (FL) Newswire 2011 - Current 

Associated Press: Fort Myers Metro Area (FL) Newswire 1998 - Current 

Associated Press: Melbourne Metro Area (FL) Newswire 1998 - Current 

Associated Press: Pensacola Metro Area (FL) Newswire 1998 - Current 

Associated Press: Tallahassee Metro Area (FL) Newswire 1998 - Current 
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APPENDIX C 

 

VISUALIZATION OF SEMANTIC NETWORKS IN FLORIDA 

METROPOLITAN GREEN ECONOMY (2000-2011) 

Semantic Networks in 2000 

 

 

Semantic Networks in 2001 
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Semantic Networks in 2002 

 

 

Semantic Networks in 2003 
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Semantic Networks in 2004 

 

 

Semantic Networks in 2005 
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Semantic Networks in 2006 

 

 

Semantic Networks in 2007 
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Semantic Networks in 2008 

 

 

Semantic Networks in 2009 
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Semantic Networks in 2010 

 

 

Semantic Networks in 2011 
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APPENDIX D 

 

VISUALIZATION OF SOCIAL NETWORKS IN FLORIDA 

METROPOLITAN GREEN ECONOMY (2000-2011) 

Social Networks in 2000 

 

 

Social Networks in 2001 
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Social Networks in 2002 

 

Social Networks in 2003 
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Social Networks in 2004 

 

Social Networks in 2005 
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Social Networks in 2006 

 

Social Networks in 2007 
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Social Networks in 2008 

 

Social Networks in 2009 
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Social Networks in 2010 

 

Social Networks in 2011 
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APPENDIX E 

 

DESCRIPTIVE STATISTICS OF SOCIAL NETWORKS 

BETWEEN 2000 AND 2011 

Network Density Indicators Density Avg. degree Number of Ties 

2000 0.002 0.608 111 

2001 0.002 0.586 107 

2002 0.002 0.630 115 

2003 0.003 1.112 203 

2004 0.005 1.879 343 

2005 0.005 1.918 350 

2006 0.006 2.049 374 

2007 0.006 2.066 377 

2008 0.006 2.088 381 

2009 0.005 1.726 315 

2010 0.005 1.748 319 

2011 0.005 1.874 342 

Tie changes between observed periods 

 0->0 0->1 1->0 1->1 Distance Jaccard Missing 

Period 1 

(2000-2001) 
66299 20 24 87 88 0.66 0 

Period 2 

(2001-2002) 
66315 8 0 107 16 0.93 0 
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Period 3 

(2002-2003) 
66225 90 2 113 184 0.55 0 

Period 4 

(2003-2004) 
66087 140 0 203 280 0.59 0 

Period 5 

(2004-2005) 
66072 15 8 335 46 0.94 0 

Period 6 

(2005-2006) 
66051 29 5 345 68 0.91 0 

Period 7 

(2006-2007) 
66047 9 6 368 30 0.96 0 

Period 8 

(2007-2008) 
66048 5 1 376 12 0.98 0 

Period 9 

(2008-2009) 

66038 13 79 302 184 0.77 0 

Period 10 

(2009-2010) 
66110 5 1 314 12 0.98 0 

Period 11 

(2010-2011) 
66082 29 6 313 70 0.90 0 
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APPENDIX F 

 

GOODNESS-OF-FIT (NETWORK ANALYSIS) 

Goodness of Fit with Indegree Distribution 

 

 

 

This test shows how well the simulated network predicts the observed one. With the 

degree distribution, like check for the normal distribution of dependent variable in OLS 

regression, this test investigates the fit of cumulative distribution of indegrees and outdegrees in 

the network over all waves (except for the first and for degrees up to 8 waves). As shown above, 

red circle dots indicate the number of actors in the simulated network with specific value of 

indegrees (or outdegrees) over waves, while black square dots refer to the number of actors in 

the observed network. For instance, the sum of actors with indegree 0 is 2588 over waves, while 
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the sum of actors with indegree 1 is 3100. As shown in the red solid line and black dotted line, 

the distribution of indegree in simulated network fits the distribution of indegree in observed 

network at statistically significant level (p-value < 0.000). Since this research deals with 

undirected networks, there is no statistical difference between indegrees and outdegrees.  

 

Goodness of Fit with Score Tests 

 

Generalized score test <c> 

 

Testing the goodness-of-fit of the model restricted by 

(1) eval: indegree popularity                                                           = 0.0000 

(2) eval: transitive triplets                                                               = 0.0000 

(3) eval: generalized eigenvector centrality                                    = 0.0000 

 

Joint test: 

c = 260.34       d.f.  =  3       p-value < 0.0001 

 

(1) tested separately: 

- two-sided: 

c = 180.84       d.f.  =  1       p-value < 0.0001 

- one-sided (normal variate): 13.45 

 

(2) tested separately: 

- two-sided: 

c = 103.36       d.f.  =  1       p-value < 0.0001 

- one-sided (normal variate): 10.17 

 

(3) tested separately: 

- two-sided: 

c = 206.04       d.f.  =  1       p-value < 0.0001 

- one-sided (normal variate): -14.35 



 
 

122 

  As Ripley et al. (2013) point out, the score test is a likelihood-based analysis with the 

Method of Moments. The test estimates the restricted model by fixing one or more parameters as 

constant (mostly zero). The constantly controlled parameters construct the null hypothesis where 

the low p-value suggests to abandon the model with the restricted parameters, which in turn 

means we should include the parameter as unrestricted. In the joint test of indegree popularity, 

transitive triplets, and generalized eigenvector centrality, as shown above, the result shows that 

the goodness-of-fit of the restricted model is intolerable. The statistic <c> refers to the predicted 

deviation when the parameters are not fixed as zero. Large values of <c> imply low p-values, 

which in turn suggests to abandon the restricted model. Though the large values of <c> in joint 

test indicate that the model is not tenable, it does not tell which parameter is problematic. From 

the results of separate tests, we can tell that all of three parameters cause the misfit, so that all 

three parameters should be included in the baseline model. 

 

Goodness of fit with time heteroskedacity 

 

As a key supposition of SABMs is that actors stochastically optimize their preferential 

choice of partners from a previous equilibrium towards a new stable state, it is crucial to consider 

the time heteroskedacity when using longitudinal data with a number of discrete time points 

(Lospinoso 2011). Theoretically, as this research focuses on the specific covariate’s effects of 

exogenous stimuli on structural change in networks, it is necessary to control other effects from 

intervening periods. For instance, financial crisis since 2007 can be considered as other 

intervening time effects on network change, which affects the variation of standard errors in 

estimating the EECBG effects (Ripley et al. 2013).  

Based on the logic of score test, Lospinoso (2010, 2011) develops a walkthrough of the 

model selection process with time dummy variables. Instead of putting time dummy in the full 

model frame, this process enables researcher to expand the initial model into a full model with 

selected time dummy effects. From the initial model with network effects, we can check the time 

heterogeneity in all three network effects. In the first plot, red intervals refer to the variance of 

estimated network effects in each wave, where the horizontal line represents the baseline 

estimate for the base period of each effect. For instance, we can check the intervening time effect 
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of wave 3, 4, 7, 9, and 11 in transitive triplets. With a time dummy term of each wave in each 

effect, the time heterogeneous network effects become stable over time.  

In such restricted model, stepwise process enables researcher to save time and improve 

accuracy in addressing time heteroskedacity. In the first, step, I add time dummy term of wave 9 

in transitive triplets and it stabilizes the whole other periods without adding other time dummy 

terms. In this way, I test other two time heterogeneous network effects with this incremental 

process. As a result, as shown in the second plot, all three effects are stabilized over time, which 

results in baseline estimate of parameters in model 1 in chapter 5. 
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APPENDIX G 

 

DESCRIPTION OF MEASUREMENT 
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APPENDIX H 

 

EXPLORATORY ANALYSIS 

Normal Distribution of Dependent Variable (Logged Green Job at Individual Level) 

 

 

Normal Distribution of Dependent Variable (Logged Green Job at MSA Level) 
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Results of Unit Roots Test (Individual Level) 

 

 

 

★ We have data on the log of green employment for a large panel of 268 cities/counties for 12 

years. Here this research applies the Harris-Tzavalis test, which assumes that the number of 

panels outnumbers the number of time periods. The unit roots tests investigate whether the serial 

panel data is stationary over time, which means that some cities/counties’ green job creation is 

not in specific trends over time periods while other cities/counties’ green job creation is constant 

over time. The null hypothesis is that the serial panels contain a unit root, so that the rejection of 

the null hypothesis indicates that the series is stationary. The results above show that we cannot 

reject the null hypothesis, which means that the series is non-stationary. As a result, in this 

research, I add the lagged dependent variable (Lgreen) into TSCS models for control of 

autoregression of time series. 

 

 

 

 

 

 

 

 

 

. 

                                                                              

 rho                  0.9151       10.0079       1.0000

                                                                              

                    Statistic         z         p-value

                                                                              

Time trend:   Not included

Panel means:  Included                                   T Fixed

AR parameter: Common                        Asymptotics: N -> Infinity

Ha: Panels are stationary                   Number of periods =     12

Ho: Panels contain unit roots               Number of panels  =    260

                                           

Harris-Tzavalis unit-root test for ln_green
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Results of Unit Roots Test (MSA Level) 

 

 

 

★ In the same way as above, we cannot reject the null hypothesis at the MSA level, as shown in 

the results. Therefore, this research adds lagged dependent variable into TSCS models. 

 

 

  

                                                                              

 rho                  0.8452        1.4095       0.9206

                                                                              

                    Statistic         z         p-value

                                                                              

Time trend:   Not included

Panel means:  Included                                   T Fixed

AR parameter: Common                        Asymptotics: N -> Infinity

Ha: Panels are stationary                   Number of periods =     12

Ho: Panels contain unit roots               Number of panels  =     19

                                           

Harris-Tzavalis unit-root test for ln_green
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APPENDIX I 

 

GOODNESS-OF-FIT RESULTS (INDIVIDUAL LEVEL) 

 

Breusch-Pagan Lagrange multiplier (LM) Test 

 

 

 

★ The LM test helps to decide whether it is better to use a random effects regression than a 

simple OLS regression. The null hypothesis is that variances across units are zero, which means 

that there is no panel effect. As the result above shows that we reject the null hypothesis, it is 

better to use panel model than running OLS regression. 

 

 

 

 

 

 

 

 

                          Prob > chibar2 =   0.0000

                             chibar2(01) =  8309.11

        Test:   Var(u) = 0

                       u     2.891107       1.700325

                       e     .3433836       .5859894

                ln_green     6.423185         2.5344

                                                       

                                 Var     sd = sqrt(Var)

        Estimated results:

        ln_green[fips,t] = Xb + u[fips] + e[fips,t]

Breusch and Pagan Lagrangian multiplier test for random effects
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Hausman Test 

 

 

 

★ To decide between fixed or random effects model, the Hausman test can be used where the 

null hypothesis is that there is no unique error correlated with regressors. The results above show 

that we reject the null hypothesis, which means that the fixed effects model is appropriate to use.  

 

 

                (V_b-V_B is not positive definite)

                Prob>chi2 =      0.0000

                          =      162.20

                 chi2(14) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg

                           b = consistent under Ho and Ha; obtained from xtreg

                                                                              

med_HH_inc~e      4.51e-07    -3.57e-06        4.03e-06        7.14e-07

    pct_bach      .0425781     .0400962        .0024819        .0007202

  pct_age_65      .0251021     .0186445        .0064576        .0027247

    pct_male     -.0116509    -.0203638        .0087129        .0014995

   pct_white     -.0367147    -.0289318       -.0077829        .0019731

      ln_pop      .2686116     .5563355       -.2877239        .0322577

     pct_phy      .0036392     .0044448       -.0008057               .

    pct_econ      .0205361     .0204846        .0000515               .

fiscal_str~s      .1222582     .1103549        .0119033               .

   cat_eecbg      .0555939     .0299481        .0256458               .

zinter_tra~r      .1431561     .1463838       -.0032277               .

zinter_ind~r     -.2092457    -.2453054        .0360597               .

       zhier      .1676024     .2045305       -.0369281               .

       ztran     -.1514451    -.1747477        .0233026               .

      zindeg      .1826501     .2063079       -.0236579               .

      Lgreen      .0000153     .0000447       -.0000294        4.35e-06

                                                                              

                   fixed          re         Difference          S.E.

                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))

                      Coefficients     
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Heteroskedasticity Test 

 

 

 

★ With the fixed effects model, heteroskedacity test can be used where the null hypothesis is all 

variances are constant. The results above show that we reject the null hypothesis, which means 

that there is heteroskedacity in variances so that the option of ‘robust’ can be used for 

heteroskedacity standard errors. 

  

Prob>chi2 =      0.0000

chi2 (312)  =   2.2e+29

H0: sigma(i)^2 = sigma^2 for all i

in fixed effect regression model

Modified Wald test for groupwise heteroskedasticity



 
 

132 

APPENDIX J 

 

GOODNESS-OF-FIT RESULTS (MSA LEVEL) 

 

Breusch-Pagan Lagrange multiplier (LM) Test 

 

 

 

★ Results of the LM test show that we reject the null hypothesis, it is better to use panel model 

than running OLS regression. 

 

 

 

 

 

 

 

 

 

 

                          Prob > chibar2 =   0.0000

                             chibar2(01) =   363.21

        Test:   Var(u) = 0

                       u     .0661361       .2571693

                       e     .0063796       .0798726

                ln_green     1.122614       1.059535

                                                       

                                 Var     sd = sqrt(Var)

        Estimated results:

        ln_green[MSA_fips,t] = Xb + u[MSA_fips] + e[MSA_fips,t]

Breusch and Pagan Lagrangian multiplier test for random effects
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Hausman Test 

 

 

 

★ The results above show that we reject the null hypothesis, which means that the fixed effects 

model is more appropriate than the random effects model for estimation.  

 

 

 

 

                (V_b-V_B is not positive definite)

                Prob>chi2 =      0.0159

                          =       27.64

                 chi2(14) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg

                           b = consistent under Ho and Ha; obtained from xtreg

                                                                              

med_HH_inc~e     -7.16e-07     3.73e-07       -1.09e-06        1.06e-06

    pct_bach      .0081155     .0076908        .0004247        .0011454

  pct_age_65        .02949     .0260884        .0034015        .0056831

    pct_male      .0265324     .0316217       -.0050893        .0065178

   pct_white     -.0153551    -.0156715        .0003164          .00213

      ln_pop      1.233546     1.047824        .1857225         .103012

     pct_phy     -.0008675    -.0007368       -.0001306        .0007603

    pct_econ      .0194036      .026577       -.0071735        .0024883

  fis_stress      .2062674      .206726       -.0004586               .

   cat_eecbg      .0170685     .0218698       -.0048013        .0011744

int_tran_h~r     -.0010024     .0033122       -.0043146        .0028249

int_ind_hier     -.0086819    -.0078568       -.0008251        .0017618

       zhier     -.0485132    -.0478011       -.0007121        .0059306

       ztran     -.0048925     .0026155        -.007508        .0031308

        zind      .0608805     .0596033        .0012771        .0010623

      Lgreen      8.53e-07     7.11e-07        1.41e-07        1.79e-07

                                                                              

                   fixed        random       Difference          S.E.

                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))

                      Coefficients     
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Heteroskedasticity Test 

 

 

 

★ The results above show that we reject the null hypothesis, which means that there is 

heteroskedacity in variances so that the option of ‘robust’ can be used for heteroskedacity 

standard errors. 

 

 

  

Prob>chi2 =      0.0000

chi2 (19)  =     613.65

H0: sigma(i)^2 = sigma^2 for all i

in fixed effect regression model

Modified Wald test for groupwise heteroskedasticity
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APPENDIX K 

 

ESTIMATION RESULTS OF YEAR DUMMY VARIABLE 

 

Individual Level 

 Model I Model II Model III Model IV 

Year 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

 

0.14 (0.05)*** 

0.18 (0.05)*** 

0.24 (0.05)*** 

0.30 (0.05)*** 

0.43 (0.05)*** 

0.52 (0.05)*** 

0.71 (0.05)*** 

0.90 (0.05)*** 

0.89 (0.05)*** 

1.05 (0.05)*** 

 

0.13 (0.02)*** 

0.16 (0.04)*** 

0.22 (0.04)*** 

0.27 (0.05)*** 

0.40 (0.05)*** 

0.48 (0.06)*** 

0.67 (0.07)*** 

0.88 (0.08)*** 

0.88 (0.09)*** 

0.63 (0.08)*** 

 

0.13 (0.05)* 

0.16 (0.05)** 

0.22 (0.05)*** 

0.27 (0.05)*** 

0.40 (0.05)*** 

0.49 (0.05)*** 

0.67 (0.05)*** 

0.81 (0.06)*** 

0.89 (0.05)*** 

0.63 (0.08)*** 

 

0.14 (0.05)** 

0.18 (0.05)*** 

0.24 (0.05)*** 

0.30 (0.05)*** 

0.44 (0.05)*** 

0.53 (0.05)*** 

0.71 (0.05)*** 

0.83 (0.05)*** 

0.90 (0.05)*** 

1.05 (0.05)*** 

*p<0.01, **p<0.05, ***p<0.001 

 

MSA Level 

 Model V Model VI 

Year 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

 

0.09 (0.02)*** 

0.08 (0.02)** 

0.09 (0.02)*** 

0.12 (0.02)*** 

0.20 (0.02)*** 

0.25 (0.02)*** 

0.31 (0.02)*** 

0.41 (0.03)*** 

0.32 (0.03)*** 

0.35 (0.03)*** 

 

0.07 (0.02)** 

0.04 (0.02)* 

0.03 (0.02) 

0.04 (0.03) 

0.10 (0.03)** 

0.14 (0.03)*** 

0.18 (0.03)*** 

0.30 (0.05)*** 

0.19 (0.04)*** 

0.42 (0.06)*** 

*p<0.01, **p<0.05, ***p<0.001 
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