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INTRODUCTION  

Research Question (RQ): What is the role of scientific knowledge as a network resource in 

policy development? 

Policy development is affected by a variety of organized actors (Adam and Kriesi, 2007) and 

“these actors have to rely on institutionalized venues like policy related committees…[in order 

to] minimize informational costs and maximize the credibility [of information] they obtain” 

(Leifeld and Schneider, 2012). Policy development proceeds from the mobilization of actors and 

resources to the adoption/ratification of a policy (Bredenhoff-Bijlsma, 2010). Within this context 

scholars use a set of heuristics to describe the progression of policy-making, but remain careful 

to note the dynamic/iterative nature of the policy-making process. These ‘stages’ are identified as 

moving through 1) problem identification, 2) alternatives and solutions generation, 3) 

adoption/ratification, 4) policy implementation, and 5) policy evaluation (Anderson, 1974; 

Ripley, 1985). Similarly, the four organizing functions in which “policy-making might be 

analytically ordered and empirically captured [are:] 1) problem definition, 2) prioritization, 3) 

resource mobilization, and 4) evaluation” (Carlsson, 2000). Network analyses try to identify the 

stakeholders involved in the policy-making process around specified boundaries or timeline of an 

issue (Laumann, Marsden, and Prensky, 1989). The relationships among actors within a policy 

network are also central to understanding policy-making (Coleman and Skogstad, 1995; Marsh 

and Rhodes, 1992). 

 

The role of scientific knowledge as a resource in policy development is contingent upon 

recognizing a dynamic set of stages. Scientific knowledge is not static, but dynamic and 

evolving. As a network resource scientific knowledge is not conserved. Scientific knowledge can 



 

be utilized as a resource throughout the progression of policy development, but its use may differ 

across contexts. For instance, the use of scientific knowledge was identified in the framing of a 

policy problem, the analysis of alternative means and solutions, and the design of policy (Simon, 

1957; Van de Riet, 2003). The objective of this work was to assess whether the availability of 

scientific knowledge as a network resource impacts ‘who talks to whom about what’ or which 

stakeholders are involved in policy development of Federal regulations. 

 

The objective was operationalized by addressing two questions, rq1 and rq2. Literature on 

uncertainty and policy development under uncertainty are used as a primer for rq1. Literature 

pertaining to policy networks, scientific knowledge as a network resource, and social and policy 

network analyses are used to make the case for rq2. 

 

Scientific uncertainty and policy development under uncertainty 

rq1: Are the mercury and fracking case studies on opposite sides of the continuum of scientific 

uncertainty? 

This work focuses on the presence of scientific uncertainty and its potential impact on the 

structure of a policy network. Scientists continue to study the manifestation and perception of 

uncertainty. This research spans multiple disciplines and each of these fields can be applied to 

uncertainty as it pertains to decision- and policy-making. For instance, decision theory 

(Kahneman and Tversky, 1979) and framing research (Kahneman and Tversky, 1984) focus on 

how individuals or groups make decisions in or perceptually frame uncertain situations. Network 

theorists evaluate interactions of actors in uncertain situations (Koppenjan and Klijn, 2004). 

Also, communication scholars assess perceptions of risk (hazard + outrage) and risk-related 



 

behaviors in the face of unknown outcomes (Slovic, 1996; Loewenstein et al. 2001; Covello and 

Sandman, 2001).  

Moreover, science attempts to objectively provide a mechanism to define societal problems, 

create solutions, and evaluate the success of such interventions. The lack of understanding of a 

whole system may result in ineffective solutions or even adverse consequences. Therefore, an 

emphasis has been placed on reducing uncertainty and, for uncertainty that cannot be reduced, an 

assessment of the level of uncertainty. In analyzing uncertainty, the general steps put forward are 

identification, reduction, assessment, and communication of uncertainty (Bredenhoff-Bijlsma, 

2010). Bredenhoff-Bijlsma (2010) also asserts that scientific uncertainty is classified “along 

three dimensions: location, level, and nature of uncertainty”. The location dimension refers to the 

source of uncertainty; that is, does uncertainty stem from measurement error, modeling error, or 

some unknown. The level dimension of uncertainty refers to a range or continuum of uncertainty 

from ‘shallow’ to ‘recognized ignorance’. This work uses the continuum of uncertainty as the 

basis for exploring the availability of scientific knowledge and how it influences the progression 

of policy development. The nature dimension of uncertainty refers to perceptions of handling 

uncertainty (i.e. epistemic oriented, variability oriented, or ambiguity oriented). Somewhere 

within the continuum of scientific uncertainty resides the position of consensus within the 

scientific community. The degree, or level, of uncertainty surrounding an issue is important as it 

helps to define the role scientific knowledge may play in the policy-making process. 

 

This work examined two case studies, one centered on the hazards of mercury from coal-fired 

power plants and the other on the potential hazards of hydraulic fracturing (fracking). Both case 

studies are argued as having U.S. energy security and environmental policy relevance and that 



 

they contrast degrees of scientific uncertainty. In the case of the mercury hazard, it is 

hypothesized that consensus exists within the scientific community on the sources, transport 

media, and human and environmental impacts (Ferner and Langford, 1999; Satoh, 2000; 

Goldman and Shannon, 2001; Clarkson and Magos, 2006). However, the relatively new shale 

bed natural gas hydraulic fracturing taking place is surrounded by competing scientific findings 

that create a “dueling-PhDs” effect for laypersons (Sandman, 1993). As such, the peer review 

literature related to each of the two case studies was used to assess the hypothesis that the 

mercury and fracking case studies were on opposite sides of the continuum of scientific 

uncertainty.  

Policy networks, scientific knowledge as a network resource, and network analyses 

rq2: Does the availability of scientific knowledge impact which stakeholders are involved in the 

policy-making process? 

In public policy it is standard to treat ideas as resources that actors possess (Morris, 2010). It is 

also widely accepted that politics are resource dependent (Carpenter, 2002; Moffitt, 2010), which 

happens to be exemplified under cases of uncertainty. In the face of uncertainty, regulatory 

agencies maximize reputation and minimize risk by relying on external ‘expert’ information 

(Carpenter, 2002). Technical information is an important resource to mitigate complexity and 

uncertainty. It makes sense then, that through the sharing of scientific knowledge, and 

subsequent mitigation of uncertainty, relationships are formed (Heclo, 1978). 

 

If scientific knowledge is realized as a tool, a means to speak ‘truth’ to ‘power’ (Wildavsky, 

1979), then in the absence of scientific knowledge decision-makers face cautionary or 

investigatory decision-making domains depending on the level of social and political consensus 



 

(Gambino et al., 2014). In the cautionary domain policy formation is moving quicker than 

scientific knowledge generation and in the investigatory domain divergent policy and social 

values accompany high scientific uncertainty. In a policy context scientific uncertainty is viewed 

“as the absence of complete and shared understanding of the system subject to policy 

development” (Brugnach et al., 2008). In the face of scientific uncertainty or realized ignorance 

policy development is said to cease (Bredenhoff-Bijlsma, 2010). Although policy development 

can and does continue under scientific uncertainty it should cease if the goal is to mitigate 

scientific uncertainty and increase more informed decision-making. Alternatively, under 

uncertainty, policy development may continue functioning under the concepts of ‘bounded 

rationality’ (Simon, 1999) and incremental decision-making (Lindblom, 1959). Moreover, 

scientific uncertainty itself may even be used as a means to halt further policy development, or as 

evidence to develop more stringent policies to create safe guards otherwise known as “the 

precautionary principle” (Epstein, 1980). In each of these instances scientific knowledge is a 

resource used within a network of actors focused on policy development. 

 

It is also important to understand the interaction of actors in policy development (Scharpf, 1997). 

Network theorists see the interactions among actors as central to the development of policy 

(Crozier and Friedbar, 1980; Rhodes, 1981; and Kickert et al., 1997). Policy networks are the 

interactions of actors engaged in policy development. The concept of a policy network emerged 

from a number of social science fields of inquiry; mainly, policy subsystems or sub-governments 

(Freeman and Stevens, 1987), iron triangles (Ripely and Franklin, 1981), policy communities 

(Richardson and Jordan, 1979), issue networks (Heclo, 1978), and epistemic communities (Haas, 

1992). Each of these fields has a focus on the linking of policy actors within the frame of policy 



 

development. Yet, they vary in who forms links and why links form. Policy network modeling 

draws its historic roots from concepts such as interorganizational theory and the study of public 

policy agenda setting (Aldrich, 1979; Dowding, 1995). Policy Network Analysis (PNA) also has 

roots in the fields of social network analysis (Scott, 2000), network society (Castells, 2000), 

actor centered networks (Callon, Law, and Ripp, 1986), and cross-cultural analysis (Linn, 1999). 

Furthermore, not all policy network analyses are used for the same purpose. The real world 

application of the policy network concept falls into three approaches according to Adam and 

Kriesi (2007), which thoroughly describe the dichotomy in the uses of the policy network 

concept and its theoretical roots. Briefly, the concept is applied as a specific form of governance, 

for typologies of network structure in a policy subsystem, and for formal network analyses 

(Adam and Kriesi, 2007). Furthermore, researchers turn to PNAs as tools for different reasons 

and to achieve different goals. Policy network analyses can be used to describe governments at 

work, applied as theories for analyzing government policy-making, and as a prescription in 

public management reform (Rhodes, 2006).  

 

One of the major descriptive uses of PNA is in researching sub-governments (Ripley and 

Franklin, 1981). Lowi (1964) observed and characterized sub-government relationships as a 

triangular nature comprising a central government agency, the congressional committee, and an 

interest group. Freeman and Stevens (1987) used this characterization to coin the term “iron 

triangle”; in this case the iron triangle sub-government excludes interests other than its own. In 

instances of concentrated power (iron triangles) policy change moves very slowly or not at all 

(Baumgartner and Jones, 1993; Adam and Kriesi, 2007), with little opportunity for influence 

from outside actors. The emergence of a broader participation of actors was also noticed within 



 

the policy sub-system field. Within issue networks (Heclo, 1978) actors come together around a 

particular issue of interest. Yet, coalitions (Sabatier, 1988) are based on actors’ core beliefs. Both 

issue networks and coalitions are proposed as means to study the interaction and influence of 

actors on the public policy-making process. 

 

Standard procedures exist for the formal analysis of network structures as long as it is recognized 

that networks are composed of a system of actors (Wassermann and Faust, 1999; Adam and 

Kriesi, 2007). The PNA is an operationalization used to identify the structure of actor 

interactions and process links of policy sub-systems. The PNA assumes case studies are detailed 

descriptions of actors’ participation in events throughout a policy-making process (Serdult and 

Hirschi, 2004). It is these routine, standardized, patterns of interaction between policy actors that 

become policy networks (Rhodes, 2006). The processes inherent to policy-making are 

understood to be a linking of events containing the components to build the resulting structure. 

Actor participation in events and the links connecting one event in the policy-making process to 

the next create a procedure for the construction of a policy network based on the decision-

making process (Serdult and Hirschi, 2004).  

 

Networks can vary based on the type of connection, or tie between actors (Figure 1. Borgatti, 

Brass, and Halgin, 2014). For instance, state ties have continuity over time like similarities 

and/or social relations. Whereas event ties are discrete, one time occasions like interactions 

and/or flows. State ties provide conditions or opportunities for event ties, while event ties can 

cause changes in state ties (Borgatti, Brass, and Halgin, 2014). Network researchers have come 

to understand that network actors can share more than one type of tie. A further distinction 



 

occurs through observation of strong versus weak ties (Granovetter, 1973, 1983). Tie strength 

between a set of network actors can be measured as affect, reciprocity, and/or intensity of 

relationship/communication. In other words, “tie strength” results from the amount of time in 

contact among other variables (Granovetter, 1973). The frequency of interaction/communication 

is a suitable empirical indicator of “tie strength” (Friedkin, 1980). Thus, there is merit that ties 

between actors equate to an information transaction between those actors (Mische and White, 

1998). 

 

Policy networks are viewed as resource dependent organizations. Each network actor deploys 

resources of which information may be one. In the power-dependent theory variations in the 

distribution of resources are said to explain differences in policy outcomes and differences 

between networks (Emerson, 1962). Rational-choice is another theory used to explain network 

behavior where the links between actors are seen as “communication channels [used] for the 

exchange of information, expertise, trust, and other policy resources” (Scharpf, 1997; emphasis 

added). Under these theoretical constructs policy can be viewed as “the outcome of the 

interactions of resourceful and boundedly-rational actors” (Scharpf, 1997). Moreover, “the more 

central an organization in either the communication or the support network, the higher its 

reputation for being influential.” (Thatcher, 1998). Influence or power within policy debates can 

explain policy outcomes (Knoke et al., 1996) and by using PNAs the policy debate can be 

structurally depicted. 

 

The PNA is a tool used to investigate “how actors achieve desired policies and/or how actors’ 

roles in network influence outcome” (Morris, 2010). Attempts to answer “what type of network 



 

emerges under what conditions with what policy outcomes” (Rhodes, 2006) have either 

compared multiple policy sectors within a country (Considine, 2002) or one policy sector across 

multiple countries (Marsh, 1998). This work chose a combination of the above approaches by 

focusing on one policy sector in one country.  

 

King and Cotterill (2007) found that both social network analysis (SNA) and semi-structured 

interview methodologies informed and reiterated each other. Moreover, King and Cotterill 

(2007) described SNA as a useful, yet underutilized method for studying partnerships, with 

qualitative information data as a means to enrich SNA with explanations. Although the 

quantitative approach of SNA was justified, applying SNA to public policy research lacked 

procedures to generate case studies. Thus, Serdult and Hirschi (2004) developed a reliable and 

valid tool for policy network comparison which focuses on an actor’s participation in the 

decision-making process. The tool was adapted in order to determine whether the availability of 

scientific knowledge impacted which stakeholders were involved in the public policy-making 

process and at what ‘stage’. Thus, by looking at the interactions of actors within two 

conditionally different levels of scientific uncertainty a new perspective was provided for 

understanding the policy process; specifically with regard to how technical knowledge is used 

and when.  

MATERIALS AND METHODS  

rq1: Are the mercury and fracking case studies on opposite sides of the continuum of scientific 

uncertainty? 

Literature Key Word Searches 

Mercury from coal-fired power plants operationalization: 



 

1. Used “all databases” in Web of Science online 

2. Searched “coal-fired” and “mercury” from “1990 to 2014” 

3. Refined search document type to “articles” and “reviews” 

Created citation report on 9-18-2014 

Natural gas hydraulic fracturing operationalization: 

1. Used “all databases” in Web of Science online 

2. Searched “fracking” from “1990 to 2014” 

3. Refined search document type to “articles” and “reviews” 

Created citation report on 9-18-2014 

rq2: Does the availability of scientific knowledge impact which stakeholders are involved in the 

policy-making process? 

The PNA in this work was based on the idea that structural relations can be built (visualized) 

from process. The scope of this work focused solely on a set of events in the decision-making 

process. The policy-making process of each case study was visualized in an Actor-Process-Event 

Scheme (APES) in which political actors interact by their shared event participation and process 

linkages (institutional linkages) (Serdult and Hirschi, 2004). The APES visualization tool was 

used because “every process, or sequence of linked events, contains information necessary to 

derive an underlying structure” (Serdult and Hirschi, 2004). Process as structure is not a new 

concept, rather comes from SNA concepts of affiliation network literature (Wasserman and 

Faust, 1994) and actor-event network literature (Jansen, 2003). 



 

Event Selection Methodology 

Mercury Case Study 

The EPA Mercury Study Report for Congress in 1997, was an “assessment of the magnitude of 

U.S. mercury emissions by source, the health and environmental implications of those emissions, 

and the availability and cost of control technologies” (USEPA, 1997). This report was the 

beginning of a continuous stream of events, which are defined by congressional and public 

hearings, review groups and expert panels regarding proposed regulations initiated by 

congressional committees and federal agencies (Table 1).    

 

The EPA mercury website chronicles the history of proposed regulations (USEPA, 2012).  Using 

this website, the chronological order of proposed regulations was determined.  Internet search 

engines and the U.S. Government Printing Office (GPO) web site (U.S. GPO, [accessed 2012]) 

were used to find reports, studies and hearing transcripts for the listed events.  

 

Using the online information thirty-seven events were selected for this mercury case study based 

on relevance to coal-fired power plant regulations and the ability to identify participants. The 

first event in the timeline was the mercury study report to Congress in December 1997 and the 

last was a congressional committee public hearing on July 26, 2011. Prior to the report to 

Congress, events were difficult to locate or participants were not identifiable. All events 

specifically pertained to mercury regulations and had multiple actors, which contributed to 

changes in or elimination of proposed regulations. For the purpose of this paper, actor is defined 

as a nationally recognized entity or a combination of individuals representing similar entities. 



 

The reasoning for combining individuals into one actor designation is explained in the Actor 

Selection Methodology section.   

Hydraulic Fracturing (Fracking) Case Study 

After examining the federal legislative history in reference to fracking, Congressional hearings 

were chosen as the forum platform for fracking policy-making events, because they listed 

participants and focused on the regulatory discussion. The source for transcripts was the U.S. 

GPO [accessed 2012]. Using the U.S. GPO search engine, congressional hearings were selected 

using the search words: energy policy act 2005, hydraulic fracturing, and fracking.   

 

This search combination resulted in forty documents, which included House and Senate hearings 

and reports. The list was pared to nineteen events by eliminating reports, Appropriations 

Committee hearings and a few hearings where fracking was only mentioned in passing (Table 2). 

For hearings involving multiple action items, the focus was solely on the actors participating in 

the hydraulic fracturing discussion section of the hearing. 

Actor Selection Methodology 

For both the mercury (Table 3) and fracking (Table 4) policy networks, actors were determined 

by reading the information found using the event methodology to observe which individuals or 

groups were present at congressional and public hearings, provided documentation for 

congressional and public hearings, or were participants in review groups and expert panels. 

Although formal responses to proposed regulations through petitions or law suits were used to 

identify participants, public comment submissions regarding proposed regulations were not 

included, because they were considered informal communications. The actors were entered into a 



 

spreadsheet corresponding to the event or events in which they were participants.  Actors who 

organized or led the event were highlighted.    

 

After all individuals and groups were entered, the following criteria were established to define 

which actors played a role in the proposed environmental regulations.   

 Environmental advocacy groups needed to be nationally or regionally based.  State or 

local advocacy groups were eliminated.   

 State level environmental and health agencies were combined into one actor designation.   

 State level attorneys general were combined into one designation.   

 Experts from higher education institutions were combined into an Academic Researcher 

category.  The stance of the expert was not taken into account.  However, if the expert 

was being paid to represent an association or industry they were placed within that actor 

designation.   

 If a company spoke as a member of a national institute or association, the company is 

treated as the institution or association.   

 Congress non-committee members, regardless of party affiliation, were combined into 

one actor designation. 

 Resource extraction companies were combined into their respective area of focus of 

natural gas, coal and other renewable, and utilities. 

 Groups and individuals mentioned in only one event were eliminated unless they led or 

hosted the event.  

The U.S. EPA actor designation was more complex to analyze. The U.S. EPA employs both 

bureaucrats and scientific researchers. However, for this analysis, when the U.S. EPA hosted an 



 

event the process link described below led to a higher connectedness within the network. Thus, 

individual actors within the U.S. EPA were not distinguished; rather, it was viewed as a whole 

organization. 

Actor-Process-Event selection to Policy Network 

Using the data collected based on the actor and event selection methodology two matrices were 

developed to formulate the final policy network for each case study. Matrix A was the ‘actor 

participation’ component used to build the policy network.  Actors were listed alphabetically 

creating rows, while in chronological order the event timeline created the spreadsheet columns. 

Spreadsheet cells were assigned a value of one (1) if the actor participated in the specified event 

or cells were assigned a value of zero (0) if the actor was absent from the associated event. The 

actor-event spreadsheet was imported into UCINET 6, a software package used for the analysis 

of social network data (Borgatti, Everett, and Freeman, 2002). UCINET 6 converted the 

spreadsheet into an actor-actor adjacency matrix highlighting joint event participation between 

different actors. The diagonals were transformed to zero (0), because identical actor interactions 

held no meaning. 

 

Matrix B was the ‘process link’ component used to build the policy network. Process links are 

the link between actors in-charge of one event to actors in-charge of the next event in the policy 

timeline. Actors were listed alphabetically as both rows and columns (actor-actor) in a 

spreadsheet. Spreadsheet cells contained the total number of process links from row-actor to 

column-actor. 

 



 

In order to adequately represent the stakeholders integral to a policy decision-making network 

Matrix A and Matrix B were weighted equally. That is, the role of process linking (Matrix B) 

was reflected by multiplying the matrices rather than summing them as described by Serdült and 

Hirschi (2004).  Both matrices were recoded to transform all zero (0) values to values of (1) to 

avoid multiplication errors. Four matrices resulted; Matrix A, Matrix B, Matrix A Recoded, and 

Matrix B Recoded.  Data loss of entries was avoided by performing the following operations: 1) 

Matrix A x Matrix B Recoded, 2) Matrix B x Matrix A Recoded.  The two product matrices were 

averaged into one adjacency matrix which represented our respective policy networks. 

 

The final averaged matrix for each case was exported to NodeXL (Smith et al., 2010) for 

visualization. The free and open source software package for Microsoft Excel©, NodeXL, is 

used for network analysis and visualization. NodeXL used the one-mode matrix to create a list of 

vertices and edges. The adjacency matrix is a symmetric matrix compiling information on 

bonded ties or co-membership. Any kind of social relation in which, A is tied to B, B must be 

logically tied to A. This co-membership or symmetric data is the case for most institutionalized 

or role relations (Scott, 2000). A sociogram was graphed from the adjacency matrix using the 

spring-loaded Harel-Koren Fast Multiscale (Koren and Harel, 2004) to visualize the interactions 

of actors, or policy network. Annealing the network data led to nodes that were more strongly 

tied to or co-participated with one another becoming closer in proximity within the network 

sociogram than nodes that were weakly tied. The sizes of the nodes were adjusted to relate to 

their degree measure (the extent to which actors send or receive direct ties or number of ties 

incident to it). That is, larger nodes had higher degree centrality or more interaction/participation 

compared to network counterparts. Tie widths were applied to be indicative of the weight of 



 

connection between two nodes. A clustering coefficient algorithm grouped nodes by how close 

the node and its neighbors were to being a clique. In other words nodes within a clique/group had 

a high network density among themselves. 

RESULTS AND DISCUSSION  

A substantial body of peer-reviewed literature focused on coal-fired power plants as evidenced 

by bibliometric data in Figure 2. Whereas, the scientific knowledge in the investigation of 

pollutant presence and affect surrounding fracking was scarce within the peer-reviewed literature 

(Figure 3). The bibliometric data is evidence that the mercury and fracking case studies were on 

opposite sides of the continuum of scientific uncertainty with more scientific discovery in the 

mercury case study, to date.  

 

Policy networks are understood as descriptions/visualizations of relations between political 

actors within a policy domain (Serdult and Hirschi, 2004). Therefore, by joining the data on 

actors’ event participation with the data on process linkages between actors the decision-making 

process was able to be analyzed as a policy network. The two case studies centered on the policy 

debate surrounding mercury and fracking hazards. The fourteen years spanning the mercury 

policy network yielded thirty-seven events, fifty-nine actors, and 1567 total ties within its policy 

network (Figure 4). The fracking policy network had nineteen events, twenty-two actors, and 218 

total ties over six years (Figure 5). The longer timeframe of the mercury case study may have 

impacted the number of stakeholders within the network as a result of more events. Still, the 

difference or variety of stakeholders was found to be less a result of the number of venues/events 

and more indicative of the level of scientific knowledge or stage of policy-making. Within this 

work the ‘maturity’ of a policy network corresponded to the ‘stage’ of policy development. The 



 

maturity of a network can, and this work argues did, come from mitigation of uncertainty; more 

specifically, the mitigation of scientific uncertainty. 

Relation ties 

The more frequently actors had contact with one another the greater the amount of information 

shared as evidenced by Friedkin (1980) and Mische and White (1998). Edge weighting was used 

to visualize the contact between actors and by varying the width of each edge (tie) to correspond 

to the number of interactions. In the mercury network the highest edge weight was between the 

Senate Committee on Environment and Public Works (E & PW) and the US Environmental 

Protection Agency (EPA; Table 5). A close second was the tie between EPA and State Level 

Environmental and Health Agencies. A series of relations found themselves just below the edge 

weight values above; those were the ties between EPA and the Edison Electric Institute (EEI), 

EPA and Academic Researchers, and between the Committee on Energy and Commerce (E & C) 

and EPA. The greatest amount of information shared (based on strength of tie) was between E & 

PW and EPA. The EPA was also in close communication with State Level Environmental and 

Health Agencies. The third strongest among edge weights and ties were research organizations 

(EEI) and research individuals (Academic Researchers) in contact with EPA, albeit a lower value 

from that of the first and second weights. These relationships are indicative of scientific 

knowledge being utilized as a consulting role during the policy design or the implementation of 

policy. In the fracking network the highest edge weights were between the Senate Committee on 

Environment and Natural Resources (E & NR) and Congresspersons not associated with the 

Congressional committee holding the hearing (Non-Mem) as well as between Non-Mem and 

Academic Researchers (Table 6). The second highest edge weights were between the U.S. 

Department of Energy (DOE) and Non-Mem, E & NR and Academic Researchers, as well as E 



 

& NR and Oil & Gas companies, Oil & Gas and Non-Mem, and E & NR and Academic 

Researchers. The Oil & Gas and DOE connection was lower than the edge weight measures 

above, but still the third highest edge weight. In fact, if the groupings are disregarded the center 

of the entire fracking network resembles the iron-triangle sub-government of Lowi (1964), 

Ripley and Franklin (1981), and Freeman and Stevens (1987). The Oil & Gas companies 

represent the interest group, U.S. DOE represents the central government agency, and the Senate 

Committee on Energy and Natural Resources represents the congressional committee. Our 

finding that the strongest connections were shared between E & NR, Non-Mem, and Academic 

Researchers indicates they shared a large amount of information with one another in the Fracking 

network. 

Governmental access hypothesis 

The governmental access hypothesis (Carpenter et al., 2004) suggests that decision-makers 

(defined here as Congressional actors) actively acquire technical information. The measures of 

degree, betweenness, and eigenvector centrality were used to determine if decision-makers were 

actively acquiring technical information. The degree measure of a node is the number of ties 

associated with that node. Betweenness centrality equates to the number of shortest paths passing 

through a node from all nodes in a network to all other nodes (Freeman, 1977). Eigenvector 

centrality assigns relative scores to nodes in the network on the basis that ties to high-scoring 

nodes contribute greater than ties to low-scoring nodes. The higher the degree value, the more 

connected the actor was across the entire network and the more actively engaged they were in 

information sharing. In the mercury network, State Level Environmental and Health Agencies 

had the highest degree measure (Table 7). This result is difficult to interpret, because the 

combining of state agencies into one category may have skewed the results to a misleading 



 

measure of high connections. In any case, EPA had the second highest degree value just below 

State Level Environmental and Health Agencies. The next grouping of well-connected actors 

consisted of EEI, Clean Air Task Force (CATF), National Resources Defense Council (NRDC), 

American Lung Association (ALA), and American Academy of Pediatrics (AAP). The National 

Environmental Trust, Northeast States for Clean Air Use Management (NESCAUM), and 

Academic Researchers had the same degree value. The highest ranked Congressional decision-

making body (E & PW) in the mercury network was ranked below 18 other actors in the 

network. In the mercury network decision-makers were found to be less connected, as evidenced 

by the ranking of degree values. These findings reject the governmental access hypothesis for 

this case study. Instead, the degree value evidence suggests the mercury case study was either in 

the policy adoption or implementation stage of the policy-making process. The two highest 

betweenness centrality measures were EPA and State Level Environmental and Health Agencies. 

Interestingly, the EEI, Academic Researchers, and E & PW were among the top five highest 

betweenness centrality measures. This is indicative of Academic Researchers holding a bridging 

role within the mercury network, which is discussed in detail later. The top five eigenvector 

centrality measures were among EPA, State Level Environmental and Health Agencies, EEI, 

CATF, NRDC, and ALA. The high degree measures and now, the high eigenvector centrality 

measures for medical associations and environmental NGOs may be indicative of their 

confidence advocating as a result of greater certainty in scientific knowledge. In the fracking 

network, both Non-Mem and E & NR shared the highest degree values (Table 8). Similarly, both 

E & NR and Non-Mem had the highest values for betweenness and eigenvector centrality 

measures. As such, decision-makers were the most central actor in the fracking network and the 

most connected among other actors which confirmed the governmental access hypothesis. Thus, 



 

in the fracking network decision-makers were actively acquiring technical information, a practice 

resembling the activities of the problem definition stage of policy development. 

Structural Placement of Academic Researchers 

The structural placement and frequency of communication of the most prominent actor wielding 

scientific knowledge, Academic Researchers, was assessed to determine the role of scientific 

knowledge in the respective policy networks. The placement of Academic Researchers was 

assessed through centrality measures, connectedness (frequency across network) through 

measure of degree, and strength of ties (frequency of interaction with another actor) given by 

edge weights. In the mercury network Academic Researchers had strong ties (high edge weights) 

with both EPA and State Level Environmental and Health Agencies. They were moderately 

connected compared to other actors within the network as evidenced by degree value. More 

importantly, Academic Researchers in the mercury network had a higher betweenness centrality 

measure compared to its eigenvector centrality measure. These measures confirmed that 

Academic Researchers in the mercury network were in a brokering/advisory role rather than a 

central, influential role. The use of scientific knowledge in an advising capacity suggests that the 

mercury network was a mature network closer to an adoption or implementation stage than a 

discovery stage. In the fracking network Academic Researchers had high edge weights with 

Non-Mem and E & NR. Academic Researchers ranked fourth highest in the network for degree, 

betweenness, and eigenvector centrality. The structural placement of Academic Researchers in 

concert with the findings on frequency of interaction, connectedness, centrality, and the 

governmental access hypothesis provides evidence that the stage of policy development or the 

maturity of the policy debate was in its infancy. The infancy of the policy debate illustrates that 



 

the fracking network, at the time of analysis, was in the problem definition stage of policy 

development. 

Network Closure (grouping) 

The presence of network closure (group formation) leads to facilitation of trust, reputation, and 

cooperation (McAllister et al., 2009). NodeXL forms groups by clustering using the Clauset-

Newman-Moore cluster algorithm (Clauset et al., 2004).  The mercury network had distinct 

groups present. One group consisted of EPA, EEI, State Level Environmental and Health 

Agencies, etc. and had 462 ties within the group in which the majority of interactions were 

coming to or from the EPA and the State Level Environmental and Health Agencies. The second 

group consisted of NRDC, AAP, CATF, National Environmental Trust, etc. and had 368 ties 

within the group. Group 1 and group 2 shared 541 ties. The third group was centered on the 

Academic Researchers with only 26 ties within the group. However, the third group, mainly due 

to Academic Researchers, had 92 ties with group 1 and 78 ties with group 2. In the fracking 

network two groups were established. One group consisted of Academic Researchers, Non-Mem, 

E & NR, DOE, etc. and had 81 ties within the group. The second group consisted of Oil & Gas, 

EPA, USGS, etc. and had 60 ties within the group. Across groups there were 77 ties connecting 

actors from different groups. 

Role of Academic Researchers 

To maintain a clear distinction between scientific knowledge (a network resource) and academic 

researcher (a network actor) the rationalist versus post-modernist debate was left out of 

discussion of results. However, scientific knowledge was acknowledged as an ‘objective’ 

resource from the onset of this work, but the social construct of actors wielding scientific 

knowledge as a resource was also acknowledged. Group formation and structural placement of 



 

the Academic Researcher were both used as evidence of the maturity of a network. In the 

mercury network Academic Researchers were in an advisory role at this point in policy 

development. Whereas, at the time of analysis, Academic Researchers played a critical role in 

concert with Congressional committees and Non-committee member Congresspersons in the 

fracking network. The advisory role in the mercury network mimics the joint fact-finding 

framework (Ehrmann, 1999) in which formal scientists sit outside the arena for stakeholder 

dialogue and only participate when responding to questions. At the same time, the advisory role 

could also be a result of policy development progressing passed both problem definition and 

means and solutions stages and entering either the adoption or implementation stage in which 

case scientific knowledge is spread throughout the network and less concentrated in the hands of 

Academic Researchers. Or, the advisory role could be a combination of the two in that scientific 

knowledge was already gathered to define the problem and potential solutions and at this stage of 

policy-making Academic Researchers (scientific knowledge) were consulted for designing 

evaluation measures once implemented. Whereas, the high level of scientific uncertainty in the 

fracking network due to the low availability of scientific knowledge resulted in a concentration 

of knowledge in the hands of technical experts, or Academic Researchers. 

Geodesic distance, graph density, and modularity 

A comparison of graph metrics between the mercury and fracking policy networks provided 

evidence on how scientific knowledge uncertainty impacted the structure of a network (Tables 9 

and 10). “Geodesic distance measured the number of relations in the shortest possible connection 

between two actors in a network (Hanneman and Riddle, 2005).” Lower distances equated to 

more direct relationships/connections between two actors. “Graph density is a ratio or percentage 

comparing the number of ties in the network with the maximum number of ties available if all 



 

nodes were connected to each other (Hanneman and Riddle, 2005).” The density measurement 

was used to determine the speed at which information transverses our networks and the levels of 

social capital or social constraint (Hanneman and Riddle, 2005). 

 

Both the maximum and average geodesic distances within the fracking network were lower than 

that of the mercury network. The shorter geodesic measurements of the fracking network 

corresponded to lower transactional costs, leading to “faster” interaction/communication 

(Hanneman and Riddle, 2005). Lower transactional costs might be reflective of a policy network 

at the on-set of policy development and of network actors seeking to gather as much scientific 

knowledge as possible to define a problem. Consequently, the lower geodesic distance could also 

merely be a result of fewer stakeholders present within the fracking network. However, as 

evidenced by centrality measures, fewer stakeholders (no medical association and few NGOs) 

were a result of the stage (problem definition, in the Fracking case study) rather than the number 

of events analyzed.  

 

The graph density measurements of the mercury and fracking networks led to similar findings 

and conclusions as the geodesic distance metric. There was less constraint in the fracking 

network (more dense) which would be expected during a time of information gathering versus a 

network having faced a great deal of bargaining and compromise during development of Federal 

regulations (mercury network). 

 



 

Betweenness and Eigenvector Centrality 

Betweenness and eigenvector centrality measures were used to identify which actors held the 

most powerful and influential position in the network structure (Luthe et al., 2012). The ‘power’ 

of an actor was measured using betweenness centrality while the ‘influence’ of an actor was 

measured using eigenvector centrality (Freeman, 1977). Betweenness centrality accounts for how 

often an actor acts as a bridge as the shortest path between two other network actors (Freeman, 

1977). Betweenness centrality can be thought of as testing the repercussions for the connectivity 

across the whole network if a particular stakeholder/actor was no longer present in the network 

(McAllister et al., 2013). If an actor within the network is among many of the shortest paths 

between other actors that actor is said to have a larger betweenness centrality than actors that do 

not. Eigenvector centrality was based on the notion that being connected to more connected 

actors contributes to the measure of importance of an actor. In this work, eigenvector centrality 

was used to “measure the degree to which an [actor] (was) likely to be the source and sink (i.e. 

repository) of resources” (McAllister et al., 2013). Technical and scientific information were 

defined as a network resource for analytical purposes, but coding protocols were not used to 

formally determine whether information was scientific in origin. As resources underwent 

distribution across the network it was important to know which actor acquired the greatest 

amount of that resource, as well as which actor(s) were the greatest source of the distributed 

resource (McAllister et al., 2009). In the mercury policy network the three highest ranked actors 

for eigenvector centrality measures were State Level Environmental and Health Agencies, EPA, 

and EEI. The eigenvector ranking of these actors indicates their importance and their role as 

sources and repositories of technical information. In the fracking policy network the four highest 

ranked actors for eigenvector centrality measures were Non-mem, E & NR, Oil & Gas, and 



 

Academic Researchers. Again, the eigenvector ranking of these network actors is indicative of 

their importance and role as a source and repository of scientific information. 

 

In the mercury case study, Academic Researchers, E & PW, and DOE had higher betweenness 

centrality measures compared to their eigenvector centrality measures which highlighted their 

bridging roles within the network (Figure 6). Therefore, in the mercury network, Academic 

Researchers, E & PW, and DOE were not the actors that acquired the most resources, but were 

the network actors distributing the most resources. McAllister et al. (2013) found that the 

‘Australian Department of Climate Change and Energy Efficiency’ and the ‘Queensland Climate 

Change Centre of Excellence’ held similar roles in their climate change policy planning network. 

There was a lack of any substantial bridging roles in the fracking network. No network actor had 

a higher betweenness centrality measure relative to its eigenvector centrality measure in the 

fracking policy network (Figure 7). This could relate to the smaller size of the fracking network 

compared to the mercury network or it could be a result of the concentrated power of the iron 

triangle with little opportunity for influence from outside actors. 

 

In the mercury network ALA was the only actor having a higher eigenvector centrality measure 

compared to its betweenness centrality measure, which highlighted its important roles in 

important parts of the network. In the fracking network, the USGS and State Businesses had 

higher eigenvector centrality measures relative to their betweenness centrality measures. These 

findings suggest that USGS found itself among important parts of the network.  



 

Medical Associations 

The ALA, Physicians for Social Responsibility, AAP, American Medical Association, American 

Public Health Association, and American Thoracic Society all found their way into the mercury 

policy network despite the stringent standards discussed for NGOs; they needed to be national 

entities and present at more than more event. The strong presence of actors representing medical 

associations was a result of the greater level of scientific certainty and technical information 

available. The scientific knowledge of the hazards of mercury date as far back as the 1950s 

during the Minimata Bay incidents in Japan where neurological symptoms in humans were 

directly linked to mercury exposure from consumption of fish caught in the bay (Japanese 

Ministry of the Environ., 2002). The scientific consensus on sources and effects of the hazards of 

mercury allowed the medical associations to join the policy dialogue on regulations of mercury 

emission from coal-fired electric utilities. The regulations were aimed at coal-fired utilities, 

because they are the largest source of mercury emissions in the United States (USEPA, 2006). 

The fracking policy network did not have any actors representing medical associations.  

 

Non-Governmental Organizations 

The presence of increased NGO representation in the mercury network could have multiple 

factors. The mercury network had more opportunities for NGO’s to participate in the dialogues, 

37 events versus 19 events in the fracking network. However, the number of possible events did 

not fully explain why environmental NGOs such as Earthjustice and Sierra Club, which were 

both in the mercury policy network were not present in the fracking network (both eliminated by 

filtering), while NRDC was active in both networks. The NGOs were well represented in the 

mercury policy network, both from a business perspective and an environmental group 



 

perspective. In the fracking policy network, however, environmental NGOs were almost absent. 

Before filtering out actors who were only represented once, there were some local or regional 

NGOs present when a hearing dealt with a particular geographical region. In the final networks, 

only the NRDC was represented in both case studies. The maturity of the issue as well as 

scientific certainty or uncertainty of the cases likely played a larger role than number of events. 

Policy outcome 

The presence or absence of medical associations and NGOs from the center of a policy network 

may be a useful indicator of the final policy outcome for environmental or health policy debates. 

Centrality in a network is an important determinant of 1) power and influence (Laumann and 

Pappi, 1976) and 2) transmission of information (Weissman, 1988).The network centrality and 

connectedness (by eigenvector and degree measures) of CATF, NRDC, ALA, National 

Environmental Trust, AAP, and Sierra Club, along with their publicly stated policy positions, 

and the policy outcome of the mercury case study (enactment of MACTS), confirmed the theory 

that “actors who occupy a central position in an information exchange network maintain policy 

positions closer to the final policy outcome (Leifeld and Schneider, 2012)”. 

Mitigation of scientific uncertainty 

As uncertainty is mitigated, medical associations and environmental NGOs may become more 

actively involved in the public policy-making process surrounding the fracking hazard. One of 

the major differences between the two case studies was the completion and availability of EPA 

scientific research and assessments. The EPA Mercury Study Report to Congress was completed 

in 1997, which verified the potential of deleterious health effects from mercury exposure and 

supported the need for regulations minimizing mercury emissions. This report likely provided 



 

the scientific backing needed for medical and environmental advocacy groups to become fully 

entrenched in the advocacy for mercury regulations. 

 

The scientific uncertainty on fracking hazards led the U.S. House of Representatives 

Appropriations Conference Committee to request EPA’s Study of Hydraulic Fracturing and Its 

Potential Impact on Drinking Water Resources (USEPA [accessed 2012]). The final report was 

scheduled to be released in December, 2014.  If and when the report is released the findings are 

expected to change the structure of the fracking policy network, because of the new scientific 

knowledge available as a resource. 

CONCLUSIONS 

This paper provided evidence that scientific knowledge was a network resource and that the 

availability of scientific knowledge as a network resource impacted which stakeholders were 

involved in the policy development of Federal regulations. The Policy Network Analysis (PNA) 

of two case studies, one with a high level of scientific uncertainty (fracking) and one with a low 

level of scientific uncertainty (mercury), showed that policy network structures were different. 

The use of scientific knowledge differed across contexts. Scientific knowledge was largely used 

to define problems, as evidenced by the network location of scientific ‘experts’ when policy 

developed in the face of high scientific uncertainty.  

 

The results of this work established a means to indicate the maturity of a policy debate (i.e. 

determine the stage of policy-making). Under instances of high scientific uncertainty ‘experts’ 

are more central in the policy network than in instances of consensus in the scientific 

community. The network location (centrality) of actors considered to be technical/scientific 



 

experts can be used as one indication of the stage of policy-making of a particular policy issue. 

Similarly, characterizing who ‘experts’ are in most frequent contact with (tie strength) enhances 

the robustness of indication. The presence, absence, and/or centrality of non-governmental 

groups can also be indicative of the stage of policy development, particularly for environmental 

and health policy debates. When taken together, a new method to assess policy development 

maturity was demonstrated. 

 

Furthermore, with the delay of the EPA Fracking Report to Congress a foundation exists to 

observe if and how the fracking network changes once the EPA issues the report. This will be an 

interesting test of the sensitivity of the PNA tool. Understanding the sensitivity of PNA and 

having a means to evaluate the stage of the policy-making process are integral to advancing 

public policy research. An ability to ‘know’ the policy development stage would allow on-

lookers and stakeholders to directly use limited resources in order to assert influence.  
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Table 1. Forums relating to mercury policy in the United States 

Event Meeting Dates Host Representation 

(attendance) 

(1) Mercury Study Report to Congress 1997 U.S. Environmental 

Protection Agency 

Report 

(2) Mercury Research Strategy September 2000  U.S. Environmental 

Protection Agency 

Report 

(3) MACT Working Group April 1st 2001  U.S. Environmental 

Protection Agency 

Report 

(4) Clean Power Act Senate Hearing July 26, 2001  

October 4 - 5, 

2001  

November 1, 

2001  

November 15, 

2001  

January 29, 2002  

June 12, 2002  

Senate Committee on 

Environment and Public 

Works 

Hearing minutes 

(5) Control of Mercury Emissions from 

Coal-fired Utility Boiler 

March 21, 2002  U.S. Environmental 

Protection Agency 

Report 

(6) FDA FAC on Methylmercury in 

Seafood 

July 23 – 25, 

2002  

Food and Drug 

Administration 

Meeting minutes 

(7) Clear Skies Act of 2003 Senate 

Hearing 

April 8, 2003  

May 8. 2003  

June 5, 2003  

Committee on 

Environment and Public 

Works 

Hearing minutes 

(8) Clear Skies Act of 2003 House 

hearing 

July 8, 2003  Committee on Energy and 

Commerce 

Hearing minutes 

(9) Climate History and the Science 

Underlying Fate, Transport, and Health 

Effects of Mercury Emissions Senate 

Hearing 

July 23, 2003  Committee on 

Environment and Public 

Works 

Hearing minutes 

(10) Clean Air Mercury Rule Proposal 

Public Hearing Comments 

March 2004  U.S. Environmental 

Protection Agency 

Record of 

comments 

(11) Conference on Mercury April 2004  U.S. Environmental 

Protection Agency and  

U.S. Department of Health 

and Human Services 

Report 

(12) Clean Air Interstate Rule initial 

Public Hearing 

June 3, 2004 U.S. Environmental 

Protection Agency 

Hearing minutes 

(13) Clear Skies Act of 2005 Senate 

Hearing 

January 26, 2005  

February 2, 2005  

Committee on 

Environment and Public 

Works 

Hearing minutes 
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Table 1. (Continued)    

Event Meeting 

Dates 

Host Representation 

(attendance) 

(14) Clear Skies Initiative House of 

Representatives Hearing 

May 26, 2005  Committee on Energy and 

Commerce 

Hearing minutes 

(15) Proposed FIP for CAIR & Proposed 

Response to NC section 126 petition 

September 14 

– 15, 2005 

U.S. Environmental 

Protection Agency 

Agenda 

(16) CAMR Final Rule Petition Letter October 21, 

2005  

U.S. Environmental 

Protection Agency 

Record of petition 

(17) CAIR Reconsideration Petition November 22, 

2005  

U.S. Environmental 

Protection Agency 

Record of petitions 

(18) CAMR Federal Plan Public Hearing January 18, 

2007  

U.S. Environmental 

Protection Agency 

Agenda 

(19) Notice of Denial of Petition for 

Reconsideration of CAIR FIPs & 

Response to NC 126 Petition Denial 

June 22, 2007  U.S. Environmental 

Protection Agency 

Federal Register 

(20) Mercury Export Ban Act of 2007 

House of Representatives Hearing 

June 22, 2007  House of Representatives 

Committee on Energy and 

Commerce 

Hearing minutes 

(21) CAMR Judicial Repeal February 8, 

2008  

State Government U.S. Court of 

Appeals Ruling 

(22) Mercury Export Ban Act of 2007 

Senate Hearing 

July 31, 2008  Senate Committee on 

Environment and Public 

Works 

Hearing minutes 

(23) D.C. Circuit Court of Appeals 

remanded CAIR without vacatur 

December 23, 

2008  

State Government U.S. Court of 

Appeals Ruling 

(24) The American Energy Initiative, 

Part 3: Transparency in Regulatory 

Analysis of Impacts on the Nation Act of 

2011 House of Representatives Hearing 

April 7, 2011 House of Representatives 

Committee on Energy and 

Commerce 

Hearing minutes 

(25) Proposed Utility MACT or Mercury 

Air & Toxics Standards Public Hearing 

in Chicago 

May 24, 2011  U.S. Environmental 

Protection Agency 

Meeting agenda 

(26) Proposed Utility MACT or Mercury 

Air & Toxics Standards Public Hearing 

in Philadelphia 

May 24, 2011  U.S. Environmental 

Protection Agency 

Meeting agenda 

(27) Proposed Utility MACT or Mercury 

Air & Toxics Standards Public Hearing 

in Atlanta 

May 26, 2011  U.S. Environmental 

Protection Agency 

Meeting agenda 

(28) Mercury Review Panel June 15 – 17, 

2011  

U.S. Environmental 

Protection Agency 

Report 

(29) Lights Out: How EPA Regulations 

Threaten Affordable Power and Job 

Creation H.R. Hearing 

July 26, 2011  House of Representatives 

Committee on Oversight 

and Government Reform 

Hearing minutes 
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Table 2. Forums relating to fracking policy in the United States 

Event Meeting 

Dates 

Host Representation 

(attendance) 

(1) 109
th

 U.S. Congress.  Senate.  Committee on 

Energy and Natural Resources - Implementation of 

the Provisions of the Energy Policy Act of 2005 

June 27, 

July 11, 

and July 

17, 2006 

Committee on 

Energy and Natural 

Resources  

Hearing report 

(2) 110
th

 U.S. Congress.  House of Representatives.  

Committee on Science and Technology - Research 

to Improve Water-Use Efficiency and 

Conservations: Technologies and Practices. 

October 

30, 2007 

Committee on 

Science and 

Technology 

Hearing report 

(3) 110
th

 U.S. Congress.  House of Representatives.  

Committee on Oversight and Government Reform - 

Oil and Gas Development: Exemptions from Health 

and Environmental Protections. 

October 

31, 2007 

Committee on 

Oversight and 

Government Reform 

Hearing report 

(4) 111
th

 U.S. Congress.  House of Representatives.  

Committee on Natural Resources - Unconventional 

Fuels, Part I: Shale Gas Potential. 

June 4, 

2009 

Committee on 

Natural Resources 

Hearing report 

(5) 111
th

 U.S. Congress.  House of Representatives.  

Committee on Small Business - Subcommittee Field 

Hearing on the Impact of Energy Policy on Small 

Business 

August 

25, 2009 

Committee on Small 

Business 

Hearing report 

(6)111
th

 U.S. Congress.  Senate. Committee on 

Energy and Natural Resources - Natural Gas 

October 

28, 2009 

Committee on 

Energy and Natural 

Resources 

Hearing report 

(7) 111
th

 U.S. Congress.  House of Representatives. 

Subcommittee of the Committee on Appropriations, 

Interior, Environment, and Related Agencies 

Appropriations for 2011. 

March 3, 

2011 

Committee on 

Natural Resources 

Hearing report 

(8) 112
th

 U.S. Congress.  House of Representatives.  

Oversight Hearing before the Subcommittee on 

Energy and Mineral Resources of the Committee on 

Natural Resources - Spending Priorities and 

Missions of the U.S. Geological Survey and the 

President’s FY 2012 Budget Proposal 

March 9, 

2011 Committee on Natural 

Resources, 

Subcommittee on 

Energy and Mineral 

Resources 

Hearing report 

(9) 112
th

 U.S. Congress.  House of Representatives.  

Oversight Hearing before the Committee on Natural 

Resources - Harnessing American Resources to 

Create Jobs & Address Rising Gasoline Prices: 

Domestic Resources and Economic Impacts. 

March 17, 

2011 

Committee on 

Natural Resources 

Hearing report 

  



 

44 

Table 2. (Continued)    

Event Meeting 

Dates 

Host Representation 

(attendance) 

(10) 112
th

 U.S. Congress.  House of Representatives.  

Oversight Hearing before the Subcommittee on 

Energy and Mineral Resources of the Committee on 

Natural Resources - Effect of President’s FY 2012 

Budget and Legislative Proposals for the Bureau of 

Land Management and the U.S. Forest Service’s 

Energy and Minerals Programs on Private Sector Job 

Creation, Domestic Energy and Minerals Production, 

and Deficit Reduction. 

April 5, 

2011 

Natural Resources, 

Subcommittee on 

Energy and Mineral 

Resources 

Hearing report 

(11) 112
th

 U.S. Congress.  Senate.  Hearing Before the 

Committee on Energy and Natural Resources - Clean 

Energy Deployment Administration. 

May 3, 

2011 

Committee on 

Energy and 

Natural Resources 

Hearing report 

(12) 112
th

 U.S. Congress.  Senate.  Hearing Before the 

Committee on Energy and Natural Resources - New 

Developments in Upstream Oil and Gas Technologies.  

May 10, 

2011 

Committee on 

Energy and 

Natural Resources 

Hearing report 

(13) 112
th

 U.S. Congress.  House of Representatives.  

Hearing Before the Committee on Science , Space and 

Technology - Review of Hydraulic Fracturing 

Technology and Practices. 

May 11, 

2011 

Committee on 

Science, Space, 

and Technology 

Hearing report 

(14) 112
th

 U.S. Congress.  Senate.  Hearing before the 

Committee on Energy and Natural Resources - Oil and 

Gas Development.  

May 17, 

2011 

Committee on 

Energy and 

Natural Resources 

Hearing report 

(15) 112
th

 U.S. Congress.  Senate.  Hearing before the 

Committee on Energy and Natural Resources - 

Natural Gas. 

July 19, 

2011 

Committee on 

Energy and 

Natural Resources 

Hearing report 

(16) 112
th

 U.S. Congress.  House of Representatives.  

Hearing before the Subcommittee on Agriculture, 

Energy and Trade of the Committee on Small 

Business - Are Excessive Energy Regulations and 

Policies limiting Energy Independence, Killing Jobs 

and Increasing Prices for Consumers? 

September 

19, 2011 

Committee on 

Small Business, 

Subcommittee on 

Agriculture, 

Energy and Trade  

Hearing report 

(17) 112
th

 U.S. Congress.  Senate.  Hearing before the 

Committee on Energy and Natural Resources - Shale 

Gas and Water Impacts. 

October 

20, 2011 

Committee on 

Energy and 

Natural Resources, 

Subcommittee on 

Water and Power 

Hearing report 

(18) 112
th

 U.S. Congress.  Senate.  Hearing before the 

Committee on Energy and Natural Resources - 

Liquefied Natural Gas.  

November 

8, 2011 

Committee on 

Energy and 

Natural Resources 

 

(19) 112
th

 U.S. Congress.  Senate.  Hearing before the 

Committee on Energy and Natural Resources - 

Marcellus Shale Gas.  

November 

14, 2011 

Committee on 

Energy and 

Natural Resources 
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Table 3. Participants in mercury network 

Policy Actor (organizational level) Acronym 

Medical groups 
 

American Academy of Pediatrics AAP 

American Lung Association ALA 

American Medical Association AMA 

American Public Health Association APHA 

American Thoracic Society ATS 

Physicians for Social Responsibility PSR 

Non-government sector 
 

Clean Air Council 
 

Clean Air Task Force (CATF) 
 

Earthjustice 
 

Environmental Defense Fund 
 

National Environmental Trust 
 

National Parks Conservation Association NPCA 

National Wildlife Federation 
 

Natural Resources Defense Council NRDC 

Sierra Club 
 

Southern Alliance for Clean Energy SACE 

Union of Concerned Scientists UCS 

Renewable energy groups 
 

Business Council for Sustainable Energy BCSE 

Clean Energy Group 
 

Electric Reliability Coordinating Council ERCC 

Fossil Fuels/Energy Groups 
 

American Public Power Association APPA 
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Anthracite Region Independent Power Producers Association ARIPPA 

Edison Electric Institute EEI 

Electrical Power Research Institute EPRI 

Energy and Environmental Analysis Inc. EEA 

Florida Association of Electric Utilities FAEU 

National Mining Association NMA 

Northern Indiana Public Services Corporation 
 

Ohio Coal Association 
 

Tennessee Valley Authority TVA 

United Mine Workers of America UMWA 

Federal government 
 

Committee on Energy and Commerce 
 

Committee on Environmental and Public Works 
 

Committee on Oversight and Government Reform 
 

Department of Energy U.S. DOE 

Department of Health and Human Services U.S. HHS 

Environmental Protection Agency U.S. EPA 

Food and Drug Administration  U.S. FDA 

National Oceanic and Atmospheric Association NOAA 

Ozone Transport Commission  OTC 
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Table 3. (Continued)  

Policy Actor (organizational level) Acronym 

Government non-Federal 
 

Environmental Council of State 
 

Independent Tribes 
 

National Association of Clean Air Agencies NACAA 

National Conference of State Legislatures NCSL 

Northeast States for Clean Air Use Management NESCAUM 

State attorney generals 
 

State level environmental and health agencies 
 

Utility Air Regulatory Group UARG 

Industrial non-energy 
 

American Chemistry Council ACC 

American Forest and Paper Association AF & PA 

The Chlorine Institute Incorporated CII 

Institute of Clean Air Companies  ICAC 

National Association of Manufacturers NAM 

Researchers 
 

Academic researchers 
 

US Public Interest Research Group U.S. PIRG 

Law firms 
 

Latham and Watkins 
 

Southern Environmental Law Center SELC 

Non-affiliated interest groups 
 

League of Women Voters LWV 

Religious groups 
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Table 4. Participants in fracking network 

Policy Actor (organizational level) Acronym 

Non-government sector 
 

Trout Unlimited Trout 

Natural Resources Defense Council NRDC 

Wilderness Society 
 

Fossil Fuels/Energy Groups 
 

Oil and gas companies Oil & Gas 

Utilities (oil and/or electric) Utilities 

Federal government 
 

Bureau of Land Management US BLM 

Committee on Energy and Natural Resources E & NR 

Committee on Natural Resources NR 

Committee on Natural Resources; sub. Energy and Mineral Resources E & MR 

Committee on Oversight and Government Reform Oversight 

Committee on Small Business Small Bus 

Committee on Space, Science, and Technology SS&T 

Congress non-committee members Non-mem 

Department of Agriculture USDA 

Department of Energy US DOE 

Department of the Interior Salazar 

 Environmental Protection Agency US EPA 

Geological Survey USGS 

Government non-Federal 
 

State agencies on business State Bus 

State environmental and health agencies State E & H 

Industrial non-energy 
 

The Dow Chemical Company DOW 

Researchers 
 

Academic researchers 
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Table 5. Mercury network top five edge weights. 

Actor 1 Actor 2 Edge Weight 
Committee on Environment and Public Works U.S. EPA 16 
U.S. EPA Committee on Environment and Public Works 12 
State Level Environment and Health Agencies U.S. EPA 10 
U.S. EPA State Level Environment and Health Agencies 10 
U.S. EPA EEI 6 
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Table 6. Fracking network top five edge weights. 

Actor 1 Actor 2 Edge Weight 
E & NR Non-mem 4 
Non-mem E & NR 4 
Non-mem Academic Researchers 4 
Academic Researchers Non-mem 4 
US DOE E & NR 3 
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Table 7. Mercury network top thirty ranked actors by degree with corresponding betweenness 

centrality measure. 

Actor Degree Betweenness 

Centrality 
State Level Environment and Health 

Agencies 55 133.077 
U.S. EPA 54 143.113 
EEI 49 84.780 
CATF 45 32.474 
NRDC 44 31.439 
ALA 43 24.175 
AAP 42 40.124 
National Environmental Trust 41 21.285 
NESCAUM 41 24.755 
Academic Researchers 41 54.288 
Sierra Club 38 13.900 
U.S. PIRG 38 15.837 
PSR 38 23.158 
SACE 37 12.091 
Religious Groups 36 9.513 
National Wildlife Federation 36 9.180 
UCS 36 11.279 
NACAA 36 13.353 
Committee on Environment and Public Works 36 52.141 
ATS 34 6.049 
NPCA 34 9.053 
LWV 33 7.540 
Committee on Energy and Commerce 32 12.749 
APHA 31 13.796 
UMWA 31 11.963 
State Attorney Generals 31 15.460 
Earthjustice 30 6.514 
U.S. DOE 30 42.233 
ICAC 29 3.521 
Environmental Defense Fund 28 3.348 
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Table 8. Fracking network all actors ranked by degree measure with corresponding betweenness 

centrality measure. 

Actor Degree Betweenness 

Centrality 
Non-mem 19 24.095 
E & NR 19 26.002 
Oil & Gas 18 21.170 
Academic Researchers 16 14.243 
USGS 12 4.245 
US DOE 12 4.742 
US EPA 12 6.042 
E & MR 11 4.800 
State E&H 10 2.000 
Trout 9 1.435 
Oversight 9 2.318 
US BLM 9 2.719 
State Bus 8 0.536 
NRDC 8 2.317 
USDA 7 0.635 
Utilities 7 0.167 
NR 7 0.893 
Wilderness Society 7 0.750 
DOW 6 0.125 
Small Bus 6 0.518 
SS&T 5 0.000 
Salazar 5 0.250 
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Table 9. Mercury network graph metrics 

Graph Metric Value 

Graph Type Undirected 

    

Vertices 59 

    

Unique Edges 1 

Edges With Duplicates 1566 

Total Edges 1567 

    

Self-Loops 0 

    

Reciprocated Vertex Pair Ratio Not Applicable 

Reciprocated Edge Ratio Not Applicable 

    

Connected Components 1 

Single-Vertex Connected Components 0 

Maximum Vertices in a Connected Component 59 

Maximum Edges in a Connected Component 1567 

    

Maximum Geodesic Distance (Diameter) 3 

Average Geodesic Distance 1.525424 

    

Graph Density 0.458211572 

Modularity 0.163293 

    

NodeXL Version 1.0.1.335 

  



 

54 

Table 10. Fracking network graph metrics 

Graph Metric Value 

Graph Type Undirected 

    

Vertices 22 

    

Unique Edges 4 

Edges With Duplicates 214 

Total Edges 218 

    

Self-Loops 0 

    

Reciprocated Vertex Pair Ratio Not Applicable 

Reciprocated Edge Ratio Not Applicable 

    

Connected Components 1 

Single-Vertex Connected Components 0 

Maximum Vertices in a Connected Component 22 

Maximum Edges in a Connected Component 218 

    

Maximum Geodesic Distance (Diameter) 2 

Average Geodesic Distance 1.450413 

    

Graph Density 0.480519481 

Modularity 0.199594 

    

NodeXL Version 1.0.1.335 
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FIGURES 

 

Figure 1. Types of ties adapted from Borgatti, Brass, and Halgin (2014).  
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Figure 2. Web of Science search results for articles and reviews in mercury case study.  
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Figure 3. Web of Science search results for articles and reviews in fracking case study.
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Figure 4. Mercury policy network using NodeXL.
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Figure 5. Fracking policy network using NodeXL.
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Figure 6. Mercury network betweenness and Eigenvector centrality measure histogram.  
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Figure 7. Fracking network betweenness and Eigenvector centrality measure histogram. 

 


