International Studies Review (2020) 22, 903-931

ANALYTICAL ESSAY

Is Global Governance Fragmented,
Polycentric, or Complex? The State of the Art
of the Network Approach

RaknyuN E. Kim
Utrecht University

International institutions such as treaties and organizations shape, and are
shaped by, the large web-like architecture of global governance. Yet we
know little about what this architecture looks like, why certain structures
are observed, and how they are linked to the functioning of international
institutions as well as the overall effectiveness of global governance. Over
the past decade, network science has emerged as a promising and indis-
pensable approach to unraveling structural nuances and complexities of
the system of international institutions. This article presents a state-of-the-
art review of this emerging field of research and seeks to stimulate its fur-
ther development. In this article, I draw connections between various net-
work analyses of global governance that are found in different bodies of
literature. In so doing, I integrate three separate but overlapping strands
of work on institutional fragmentation, polycentricity, and complexity and
bring much-needed conceptual clarity to the debate. Building on previous
studies, I propose a framework for operationalizing fragmentation, poly-
centricity, and complexity in network terms in order to enable systematic
and comparative analysis of global governance systems. This article argues
that there is much potential in the network approach and makes a case for
advancing the “network science of global governance.”

Keywords: complexity, fragmentation, global governance, network,
polycentricity

Introduction

Over the past few decades, international institutions—broadly referring to treaties
and organizations—have proliferated in response to a wide range of global issues
such as trade, security, and the environment (Duffield 2007). Tens of thousands
of international institutions are in existence today. Most of these institutions enjoy
a significant degree of autonomy, but they do not always operate in silos. Interna-
tional institutions interact with each other and form a complex web of interdepen-
dent relationships. A de facto system of global governance has emerged (Najam,
Christopoulou, and Moomaw 2004) with internal complexities (Orsini, Morin, and
Young 2013) and an overarching architecture (Biermann 2014). The structure of
this system is important to map and analyze as it may enable or constrain the
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functioning of individual international institutions. A good understanding may
also lead to the possibility of optimizing the global governance architecture and
improving its overall effectiveness.

Yet we know very little about the structural characteristics of this system of in-
ternational institutions. No major empirical research has been conducted to un-
ravel what has been dubbed a “maze” (UNEP 2012) or “spaghetti bowl” (Bhagwati
2008). In the absence of a solid empirical basis, scholars have imported three con-
cepts from different disciplines and applied them to global governance research.
They are fragmentation (Biermann et al. 2009), polycentricity (Jordan et al. 2018),
and complexity (Orsini et al. 2019). Each of these concepts comes with its own
assumptions and biases. For example, fragmentation focuses on patterns of coop-
eration versus competition or connectivity versus disconnectivity. Polycentricity is
contrasted against monocentricity, and it refers to a situation where many elements
mutually adjust and order relationships with one another in the absence of a central
authority. Complexity requires emergence and self-organization among parts, dis-
tinguishing complex systems from systems that are just complicated by possessing
many parts. All three concepts have merit in describing and explaining the struc-
tural intricacies of global governance, but there is still confusion around what the
implied structures look like exactly, how to identify and measure them, and how the
concepts relate to each other. There is a dire need for conceptual clarity and more
empirical analysis to advance our understanding of structural features of global
governance.

A key challenge in this regard has been the absence of a common analytical lens
or framework. Over the past decade, however, network science has emerged as a
promising and indispensable approach through which we study social structures
(Lazer et al. 2009), including systems of international institutions. A network is
an abstract representation of a system as elements (called “nodes”) and their in-
terconnections (called “ties” or “links”) (Newman 2010). Modeling a system as a
network loses some of the information about the system, but it enables focused
analysis of the underlying pattern of relations. In particular, network science pro-
vides a methodological toolkit consisting of a set of algorithms for measuring vari-
ous topological properties. Therefore, network analysis allows for more comparable
quantitative characterization of complex structures that are often too complicated
to comprehend visually. The network approach has attracted the interest of global
governance scholars, whose units of analysis include sizable groups of international
regimes (Morin et al. 2017), intergovernmental or nongovernmental organizations
(Beckfield 2010; Murdie 2013), and multilateral agreements (Kim 2013).

In addition to an effective analytical method, the growing interdisciplinary sci-
ence of networks offers theoretical explanations as well. These explanations re-
late to, first, why certain structures are observed and, second, how they are linked
to certain functional outcomes through “network effects” (e.g., Bodin and Crona
2009; Hafner-Burton, Kahler, and Montgomery 2009; Kinne 2013b; O’Neill et al.
2013). Similar questions can be asked about the system of global governance. Un-
til now, scholars have effectively deconstructed this system and developed theories
of individual international institutions (e.g., Young 1999; Miles et al. 2002; Mitchell
2003; Barrett 2005) and their dyadic interactions (e.g., Gehring and Oberthtir 2009;
Johnson and Urpelainen 2012). Building on this knowledge, network scientists are
now reassembling the parts to understand the architecture or macrostructure of
global governance. There have already been some early successes in this regard,
which I introduce later on.

This article makes a case for advancing the network science of global governance.
Here, by unraveling structural complexities of the global governance system, we
would seek to evaluate, explain, and enhance the (overall) effectiveness of the myr-
iad autonomous yet interdependent intergovernmental and transnational institu-
tions. To that end, this article makes connections between various existing network
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analyses of global governance that are found in different bodies of literature. It at-
tempts to integrate three separate but overlapping strands of work on institutional
fragmentation, polycentricity, and complexity and bring much-needed conceptual
clarity to the debate around the architecture of global governance. Furthermore,
this article proposes a framework for operationalizing fragmentation, polycentric-
ity, and complexity in network terms in order to enable systematic and comparative
analysis of various structures of global governance.

Following this introduction, I begin with an overview of the theoretical debate
around whether the global governance architecture is fragmented, polycentric, or
complex. Then I introduce the basics of network science by focusing on its the-
oretical and methodological approaches that are particularly relevant to unravel-
ing structural complexities of global governance. Building on these two sections,
I review the literature on global governance where network thinking has played a
prominent role and examine how networks of international institutions were mod-
eled, analyzed, and characterized. Here I pay special attention to studies in the
field of global environmental governance, with examples from other fields such
as global trade, security, and investment. Building on these previous studies, I of-
fer a framework that enables measuring and comparing degrees of fragmentation,
polycentricity, and complexity through a network approach. I then discuss some of
the key theoretical, empirical, and methodological challenges to advancing the net-
work science of global governance. Before I conclude, I outline two new research
frontiers.

Global Governance: Fragmented, Polycentric, or Complex?

What does the architecture of global governance look like? This question has oc-
cupied global governance scholars for many years. Three key analytical lenses have
emerged around the concepts of fragmentation, polycentricity, and complexity.

Many scholars characterize the architecture of global governance as fragmented
(e.g., Biermann et al. 2009; Zelli 2011; van Asselt 2014). Originating from interna-
tional law scholarship, the concept of fragmentation is understood in global gov-
ernance as “the extent to which the world consists of distinct clusters of [inter-
governmental organization]-based cooperation” (Greenhill and Lupu 2017, 193).
These clusters are often based on regions or sectors. The rapidly increasing number
of treaties (Brown Weiss 1993; Hicks 1999; Anton 2012) and international courts
(Stephens 2006) has generally been understood as a key underlying cause. The
resulting institutional fragmentation demands cooperation between international
institutions. While the possibility of synergistic relations is not ruled out (Biermann
et al. 2009), the concept tends to highlight the potential for conflict (Wolfrum
and Matz 2003; Fischer-Lescano and Teubner 2004; van Asselt 2014). For exam-
ple, the relationship between two multilateral environmental agreements can be
synergistic or conflictive (Oberthiir and Gehring 2006), but the architecture is di-
agnosed as fragmented if the latter type dominates the interinstitutional dynamics
(e.g., Fernandez-Blanco, Burns, and Giessen 2019).

More recently, the system of global governance has been characterized as poly-
centric (e.g., Jordan et al. 2018). The concept of polycentricity is adopted from the
literature on managing the commons (Ostrom 2010; Aligica and Tarko 2011), and
it brings attention to the possibility that global institutions may mutually adjust
and align themselves toward a collective goal (Galaz et al. 2012). In contrast to
fragmentation, polycentricity draws our attention to the potential for net positive
interactions between independent governing authorities when certain conditions
are met. Therefore, whereas fragmentation views a unified and integrated regime
as generally desirable, the concept of polycentricity underlines that relatively de-
centralized systems, as opposed to monocentric systems, may function effectively.
That is because the diversity and multiplicity in polycentric systems allow room for
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experimentation, out of which successful institutions are selected, diffused, or
scaled up. Scholars highlight, however, that more research is warranted to identify
and explain specific conditions under which polycentric governance arrangements
actually work (Morrison 2017).

Yet others argue that global governance is best described as complex (e.g., Orsini
etal. 2019). Here, complexity is not merely a metaphor but a quality of many real-
world systems as understood in the field of complexity science (Mitchell 2009). The
concept of complexity highlights that components of a system may self-organize and
give rise to seemingly coordinated and adaptive behavior even in the absence of a
central authority. This notion of complexity made its way to the global governance
literature through public administration theory (Klijn 2008) and resilience theory
(Duit and Galaz 2008; Duit et al. 2010). And now, many scholars recognize the
relevance of the lens of complexity to the study of global governance, especially
at an aggregate level (Seyle and Spivak 2018; Orsini et al. 2019). In general, they
call for a more fundamental analytical shift toward system-level properties such as
emergence, nonlinearity, and adaptation (Kim and Mackey 2014; Pauwelyn 2014;
Morin, Pauwelyn, and Hollway 2017; Boulet, Lajaunie, and Mazzega 2019).

It can be surmised from the foregoing that the three concepts offer varying de-
scriptions and explanations of the causes and consequences of the structure of
global governance, as well as different policy implications. Fragmentation points
to flat and nonhierarchical structures, polycentricity points to uneven and rugged
structures, while complexity points to modular and hierarchical structures. Impor-
tantly, these concepts and the structures they imply are not mutually exclusive. All of
the mentioned structural features are often found simultaneously in different sys-
tems of international institutions. Most of these systems are sparse, uneven, and
modular. Therefore, it will be unfruitful to use only one of the three concepts.
Rather we need to integrate these concepts in a general analytical framework in
order to offer an adequate explanation for the emergence and evolution of global
governance structures and their impact on performance.

The network approach is promising in this regard. According to Maoz (2012a,
251), for example, network analysis is “eminently suited for capturing, analyzing,
and modeling complexity.” As I will demonstrate in the article, network analysis
has in fact already been instrumental in revealing structural nuances and com-
plexities of the global governance system through studies on institutional fragmen-
tation (Beckfield 2010; Kim 2013; Gomez and Parigi 2015; Greenhill and Lupu
2017), polycentricity (Galaz et al. 2012; Ahlstrom and Cornell 2018), and com-
plexity (Green 2013; Kim 2013). But before I review these studies and extract key
insights, I turn next to the basics of network science.

Network Science: Theory and Method

There are currently two key strands of network thinking in global governance re-
search. I call them “institutional network theory” and the “theory of institutional
networks.”

Generally speaking, network theory is about “the mechanisms and processes
that interact with network structures to yield certain outcomes for individuals and
groups” (Borgatti and Halgin 2011, 1168). It explains effects of observed connectiv-
ity patterns on elements in the network. Institutional network theory in particular
aims to explain governance outcomes of individual institutions or their complexes
as controlled or mediated by network variables (Klijn and Koppenjan 2012, 2014).
To that end, analysts focus on relating differences in network topology to outcomes.
The default expectation is that every system of institutions is different in shape, with
varying degrees of fragmentation, polycentricity, or complexity, and that these struc-
tural variations account for differences in outcomes for the individual institutions
or the system as a whole (Borgatti et al. 2009; Borgatti and Halgin 2011). Outcomes
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Figure 1. A network is a set of nodes joined by links. This example consists of twelve
nodes and twenty-three links, organized in two communities.

of interest may include effectiveness, resilience, and adaptiveness (Underdal 2010;
Young 2017). For example, how does the relative position of an international insti-
tution affect its power or influence (Lazer 2011; Kinne 2012)? How do differently
fragmented regime complexes compare in terms of flexibility across issues or adapt-
ability over time (Keohane and Victor 2011)? What explains the network effect?

In contrast, “the theory of networks” concerns “the processes that determine
why networks have the structures they do” (Borgatti and Halgin 2011, 1168). It
is about explaining causes of observed connectivity patterns. The theory of institu-
tional networks, in particular, aims to explain why, for example, global climate gov-
ernance is more (or less) fragmented, polycentric, or complex when compared to
others such as global biodiversity governance. Here, the formation of institutional
network structures is explained through nonnetwork variables. These processes
might include, for example, homophily whereby “similarity breeds connection”
(McPherson, Smith-Lovin, and Cook 2001) and preferential attachment whereby
“the rich get richer” (Barabasi and Albert 1999), which are found to be relevant
in explaining the structure of international networks (Maoz 2012b; Atouba and
Shumate 2014). Furthermore, the structure is also dependent on the nature of ties,
that is, whether ties mean something “good,” such as alliances, or “not good,” in the
case of conflict (Cranmer and Desmarais 2011, 2016; see also; Cranmer, Desmarais,
and Kirkland 2012; Cranmer, Desmarais, and Menninga 2012).

As such, network science presents a way to combine attributes of nodes and re-
lations in the context of a larger structure (Maoz 2012a). In order to better under-
stand the interaction between node attributes and network properties, either nodes
or the network can be treated as dynamic while the other is treated as static. Here,
it is analytically useful to distinguish between the dynamics of networks (Newman,
Barabasi, and Watts 2006) and dynamics on networks (Barrat, Barthélemy, and
Vespignani 2008). While the former is about how the structure of a global gover-
nance network evolves over time, the latter pays attention to dynamical processes
(e.g., how information spreads) on a given (static) network by taking each inter-
national institution as a dynamic system. The two types of network dynamics are of
course intertwined. Dynamical processes occurring on a global governance network
affect the overall structure of the network, which, in turn, affect the dynamics of in-
dividual international institutions. This interplay between the dynamics of and on
global governance networks is a promising area of research, to which I will return
later in the article.

In terms of method, network analysis starts with modeling a real-world system as
a network. A network consists of nodes with a set of links (figure 1). By capturing
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only the basics of connection patterns between its components, network representa-
tions inevitably lose useful details about a system. However, such systematic abstrac-
tion enables effective quantitative analysis of real-world systems. Analysts may still
enrich their network models by adding extra information about individual com-
ponents and relationships. For example, one could assign a numerical figure to
each node and link; define relationships as positive, neutral, or negative; and give
direction to the flow of influence between two nodes. These data can be visually rep-
resented through nodes and links in different sizes, colors, thicknesses, and so on
(Pfeffer 2017).

Based on such a mapping, researchers can use a range of network measures and
metrics that help quantify topological properties at different levels of analysis (e.g.,
Wasserman and Faust 1994; Boccaletti et al. 2006; Newman, Barabasi, and Watts
2006; Jackson 2008; Scott and Carrington 2011). At the level of nodes and links, an
important and useful class of network measure is that of centrality, which identifies
the most important nodes in a network. For example, nodes with more connections
or in bottleneck positions are identified as central and, hence, as playing a more
important role in the system’s functioning (Borgatti 2005). Another key network
measure is clustering coefficient (or transitivity in the case of directed links), which
measures the degree to which nodes tend to cluster together into triads (Wasserman
and Faust 1994; Watts and Strogatz 1998). At the level of subsystems, network analy-
sis can identify hierarchical and modular components in the form of communities
(Ravasz and Barabdsi 2003). In network-speak, a community is a group of nodes
that are relatively densely connected to each other but sparsely connected to other
dense groups in the network (Porter et al. 2009; Fortunato 2010). Regime com-
plexes are one such example of a community of international institutions in global
governance. A number of algorithms have been developed to detect community
structures, most of which relate to the concept of modularity (Newman 2006). At
the level of system, basic network metrics include density (the sum of the actual links
divided by the number of potential links), centralization (how central the most cen-
tral node is in relation to how central all the other nodes are), and average path
length (the average distance of all shortest paths between two random nodes).

These network measures enable both exploratory and explanatory network anal-
ysis. In exploratory network analysis, researchers map a network and summarize its
main structural characteristics. Here, novel combinations of network metrics can
be used to measure system properties such as robustness, or how tolerable a sys-
tem is to random failures (Albert, Jeong, and Barabasi 2000), and efficiency, or how
efficiently a network exchanges information (Latora and Marchiori 2001). For ex-
planatory network analysis, statistical inference models are often used to test how
the observed network correlates to or deviates from random or other types of mod-
eled networks (Desmarais and Cranmer 2017). In particular, exponential random
graph models (Robins et al. 2007; Cranmer and Desmarais 2011; Desmarais and
Cranmer 2012) and stochastic actor-oriented models (Kinne 2013b; Milewicz et al.
2017) are among the most relevant.

Network Approaches to Unraveling Global Institutional Structures

Now I turn to the emerging body of literature that analyzes and theorizes structural
complexities of global governance from a network perspective. This section reviews
their analytical approaches and extracts some of the key crosscutting findings.

International Institutions and Networks

The system of global governance consists of actors and institutions. In network anal-
ysis, this system is often modeled as a bipartite or affiliation network where both
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actors and institutions appear as two different types of nodes. A prominent ex-
ample is a network of states and international organizations joined through
state membership (e.g., Hafner-Burton and Montgomery 2006; Wilson, Davis, and
Murdie 2016; Lupu and Greenhill 2017). Depending on the analytical focus, this
network can be converted into a network consisting of only one type of node, ei-
ther (1) a network of actors, in which institutions serve as links through which actors
interact, or (2) a network of institutions, where institutions are nodes that are coupled
in some way. Examples of the first type include network models of states or cities
that are institutionally tied together through bilateral (e.g., Goyal and Joshi 2006;
Saban, Bonomo, and Stier-Moses 2010; Oatley et al. 2013; Cranmer, Heinrich, and
Desmarais 2014) or multilateral agreements (e.g., Maoz 2011; Kinne 2013b;
Milewicz et al. 2017; Sopranzetti 2018; Lee 2019). The second type is exemplified
by studies on international agreements and organizations that are linked through
references or overlap in membership (e.g., Kim 2013; Greenhill and Lupu 2017;
Perez, Cohen, and Schreiber 2018). This article is particularly concerned with this
second type—networks of international institutions—which is also referred to as
“global governance networks” (Eilstrup-Sangiovanni 2017).

With the rise of research interest in regime complexes and governance architec-
tures over the past decade, the analytical focus has started to shift away from net-
works of actors to networks of institutions (Burch et al. 2019). These include, for
example, networks of intergovernmental agreements, international organizations,
transnational initiatives, and private standards, which are interconnected through
shared membership, references, partnerships, or other forms of institutional in-
terlinkage. Studies suggest that these institutions enhance interstate cooperation
among their members (Kinne 2013a,b, 2018; Lupu and Greenhill 2017), thereby
bringing the network of states into an increasingly cohesive and integrated whole.
But the proliferation of these international institutions has raised new concerns
about institutional fragmentation or complexity (Beckfield 2008). Attention is in-
creasingly paid to structural properties of these “clubs of clubs” that are divided
along sectoral or regional lines (Greenhill and Lupu 2017). In other words, just
like states had to be brought together with the help of international institutions, the
myriad international institutions themselves are in need of coordination for their
effectiveness. This is an ultimate policy objective of the emerging field of research
on global governance networks.

A significant amount of research has already been conducted on various aspects
of global governance at different levels of analysis (table 1). For example, there is
arich body of literature on individual international institutions (Young 1999; Miles
et al. 2002), their interlinkages (Young 1996; Chambers 2008) and interactions
(Biermann 2008; Gehring and Oberthtr 2009; Johnson and Urpelainen 2012), as
well as lineages (Mitchell 2003), clusters (von Moltke 2006), complexes (Raustiala
and Victor 2004; Keohane and Victor 2011; Abbott 2012), and larger architectures
(Biermann et al. 2009). Furthermore, the dynamics or evolution of these units has
been of key scholarly interest (Young 2010). Yet, these insights remain unintegrated,
waiting to be weaved together for a more holistic understanding of the structure and
dynamics of global governance.

Here, network science has begun making a significant contribution. The wealth
of scientific knowledge generated so far is guiding network research on global gov-
ernance systems, which, in turn, could help integrate the separate lines of research
on global governance. Such interdisciplinary exchange is particularly valuable in
the field of global environmental governance, where multilevel, multiscalar, and
multiplex governance structures have emerged over the years in response to com-
plex and dynamic environmental problems. Next, I turn to these network analyses
of global governance with an empirical focus on the environment.
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Table 1. Key studies of global environmental governance selected and categorized based on their units

and levels of analysis. Network analyses are excluded; see table 2

Level of Key studies of global environmental
analysis Unit of analysis governance
Nodes Treaties, regimes, international Young 1982, 1999, 2010, 2012, 2011;
organizations (governmental and Miles et al. 2002; Mitchell 2003;
nongovernmental), international Underdal and Young 2004; Barrett 2005;
bureaucracies Betsill and Corell 2008; Biermann and
Siebenhtner 2009; Boyd and Folke 2012;
Jinnah 2014
Links Institutional interlinkages, interaction, Young 1996, 2002; Wolfrum and Matz
interorganizational relations, treaty 2003; Oberthur and Gehring 2006;
conflicts, partnerships, information Biermann 2008; Chambers 2008;
sharing, resource flow Gehring and Oberthiir 2009; Andonova
2010; Jinnah 2011; Borgen 2012;
Johnson and Urpelainen 2012; Hall
2015; Biermann and Koops 2017
Clusters Regime complexes, treaty clusters, Mitchell 2003; Raustiala and Victor 2004;
lineages von Moltke 2006; Colgan, Keohane, and
Van de Graaf 2012; Keohane and Victor
2011; Abbott 2012; Orsini et al. 2013;
Gehring and Faude 2014
Networks Structure, architecture Kanie 2007; Biermann et al. 2009; Backer

Dynamics, evolution, adaptation

System (structure and dynamics
combined)

2012; Zelli and van Asselt 2013; Zarn and
Faude 2013; van Asselt 2014

Sand 2007; Sanwal 2007; Morin,
Pauwelyn, and Hollway 2017

Meyer et al. 1997; Najam et al. 2004;
Galaz et al. 2012; Morin and Orsini 2013;

Kim and Mackey 2014; Pauwelyn 2014;
Jordan et al. 2018

Network Analysts of Global Governance

Network analysis of the global governance architecture emerged in the 2000s
(table 2). Most of these studies map systems of intergovernmental organizations or
multilateral agreements, but more recently scholars have started looking into sys-
tems of international nongovernmental organizations and other transnational pri-
vate regulations. The network approach has been particularly popular in the field
of global environmental governance. This is arguably because of the exceptionally
high number of international environmental institutions as well as the networked
nature of global environmental risks that the myriad institutions are set up to man-
age (Galaz et al. 2017). Due to the sheer size, no single analysis has revealed the
entire architecture of global governance but only parts of it, with each focusing on
one type of institution and one type of link.

So far, three types of links have been used for modeling networks of interna-
tional institutions. First, shared membership across international institutions has been
a common proxy for interinstitutional relationships. Scholars have employed it in
studies on, for example, networks of intergovernmental organizations (Beckfield
2010; Gomez and Parigi 2015; Greenhill and Lupu 2017), multilateral agreements
(Bohmelt and Spilker 2016; Hollway and Koskinen 2016), and public interna-
tional and transnational institutions (Widerberg 2016; Perez et al. 2018). Second,
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textual references or citations have also been instrumental in mapping global gover-
nance networks. These citations are found in documents such as treaties (Kim 2013;
Ahlstrom and Cornell 2018) or other official documents published by public or pri-
vate international organizations (Perez and Stegmann 2018). Some used variations
of citation such as “recognition” of one institution by another (Green 2013; Green
2017) or “shared terminology” found across different texts (Lajaunie, Mazzega, and
Boulet 2018). Third, direct institutional links are another type, such as partnerships
between international organizations (Perez et al. 2018). A prominent example is in-
terorganizational relationships identified and reported by organizations themselves
(Shumate, Fulk, and Monge 2005; Atouba and Shumate 2010; Murdie 2013). All
three types of links have pros and cons, which I will discuss in a later section.

As summarized in table 2, scholars have mapped and analyzed a range of global
governance systems using various network measures. Notably, these studies observe
comparable underlying patterns of relations across a wide range of systems. The
structures are found to be generally uneven, modular, and centralized.

In the absence of a common analytical framework, however, the structures are
sometimes inconsistently described. Despite structural similarities, some character-
ize a governance system as primarily unintegrated or fragmentated while others
conclude it is cohesive, consolidated, or contracted. The inconsistencies are due to
both conceptual and methodological reasons. Different operationalizations of frag-
mentation, polycentricity, and complexity are partly to blame (e.g., Beckfield 2010;
Gomez and Parigi 2015). But more importantly, defining a network of institutions
as either, for example, dense or sparse in absolute terms has proven difficult. There-
fore, network analysis of what a single network looks like at a particular moment in
time has not led to conclusive findings about topological properties of the system in
question. When characterizing the structure of a global governance system, a more
sensible approach would be to make a cross-system or longitudinal comparison for
a relative assessment (Beckfield 2010; Kim 2013; Gomez and Parigi 2015; Greenhill
and Lupu 2017).

Initial Insights on Global Governance from a Network Perspective

The first generation of network analyses has generated some initial insights into the
structural complexities of global governance. Here I discuss three.

First, the process structuring the global governance architecture is nonlinear. So
far, the process has been believed to be dominated by, for example, either frag-
mentation or consolidation, through which the number of clusters is either increas-
ing or decreasing in a somewhat linear fashion. Most of the analyzed cases, how-
ever, suggest oscillations in the number of clusters. The degree of fragmentation
has been wavering between opposing forces acting simultaneously on the architec-
ture. Whether a new institution contributes to fragmentation or defragmentation
of global governance largely depends on the connections it makes (Kim 2013). For
example, global or cross-cutting institutions generally exert “centripetal” forces and
defragment global governance, whereas regional or issue-specific institutions exert
“centrifugal” forces that tend to fragment the structure (Gomez and Parigi 2015;
see also De Lombaerde et al. 2019).

Despite the nonlinear oscillation, the general trend over a long span of time
has been, contrary to the general wisdom, governance defragmentation. In other
words, the continuing proliferation of international institutions has resulted not
in fragmentation but rather in a surprisingly cohesive structure with multiple cen-
ters of decision-making that are, to varying extents, interconnected. For example,
the studies of multilateral environmental agreements (Kim 2013) and intergovern-
mental organizations (Greenhill and Lupu 2017) show that both of these networks
have become less fragmented over the past decades. Overall, global institutional
networks are not simply fracturing but also contracting or defragmenting, making
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914 Is Global Governance Fragmented?

the system topology increasingly uneven. This nonlinear network-forming process is
critical in explaining how the system of global governance has maintained structural
coherence despite the ever-increasing number of international institutions with rel-
atively few dying away (Eilstrup-Sangiovanni 2018).

Second, the network approach has revealed some degree of order or hierarchy
in the underlying structure of various global governance systems. In the system of
multilateral environmental agreements, for example, order was identified to have
emerged around 1992 as a result of structural transformation into a small world
through a set of new critical “short cuts” between a few key agreements (Kim 2013).
Similarly, Green (2013) also observed that a district order emerged out of the
seemingly chaotic and complex institutional landscape of global carbon standards.
The observation of emergent hierarchy across many global governance systems is
contrary to the conventional wisdom that institutional complexes of nested, par-
tially overlapping, and parallel international regimes are nonhierarchically ordered
(Alter and Meunier 2009).

Network analysis has provided empirical evidence confirming earlier theoretical
propositions that institutional complexity does not necessarily imply chaos, anarchy,
or disorder (e.g., Kanie 2007; Galaz et al. 2012). Institutional complexity, emerging
from self-organization of the myriad institutions involved, is often organized. This
finding stands in contrast to the literature on international regime complexity that
tends to emphasize the negative effects of complexity (Drezner 2009), but it sup-
ports the more recent literature on polycentric governance (Jordan et al. 2018; see
also Meyer et al. 1997; Keohane and Victor 2011; Ziirn and Faude 2013). Impor-
tantly, such insights from network analysis shed light on conceptual similarities and
differences between fragmentation, polycentricity, and complexity.

Third, network analysis has revealed nuanced ways in which the underlying pat-
tern of connections in a governance system shapes its outcomes and vice versa. As
predicted by network theory, the performance of an individual international insti-
tution depends in part on its position in the network because its network position
affects the opportunities and constraints that the institutions encounter (Murdie
2013; Perez et al. 2018). For example, rules, norms, and principles of the institu-
tions in most central positions have a higher chance of diffusing across the network
and have system-wide effects. The United Nations Convention on the Law of the
Sea, which is the most central institution in the system of multilateral environmen-
tal agreements, is a case in point (Kim 2013). These central institutions that are
rich in connections attract even more connections from other international institu-
tions. Global governance networks serve as a public good for institutions embedded
therein, and this perspective points to the possibility of improving and exploiting
this social capital (Ingold 2017; Young 2017).

What is interesting to note is that “the network effect” is often parabolic. For
example, the small-world structure increases the performance of a system up to
a threshold, after which point the positive effects reverse (Uzzi and Spiro 2005).
This is because, for example, if institutions are too loosely coupled, then they
remain as disjointed parts, and if they are too tightly coupled, then there is little
room for specialization or innovation. It is in the middle section, where a global
institutional network is neither too fragmented nor unified, that the performance
of the network and its institutions reaches a peak.

Such an understanding of network effects vis-a-vis network structure implies that
we may be able to determine which structural configuration is optimal for specific
global governance systems. Building on this knowledge, appropriate network in-
terventions could be designed and executed (Valente 2012), which would include
forging new strategic institutional links (e.g., Jinnah 2011; Abbott 2014; van Asselt
and Zelli 2014; Betsill et al. 2015) and rewiring existing counterproductive ties.
We may call this a complexity-informed approach to networked global governance.
The idea of embracing rather than reducing global institutional complexity is at
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its crux (Ruhl, Katz, and Bommarito 2017; see also Oberthuir and Stokke 2011).
Some scholars argue that this governance approach is imperative for responding to
globally networked risks (Duit et al. 2010; Teisman and Gerrits 2014; Le Prestre
2017). That is because, in the end, “it takes a network to fight a network” (Borgatti
etal. 2009, 893).

Operationalizing Structural Complexities in Network Terms

The network approach to unraveling structural complexities of global governance
shows much potential. To advance further, however, we need more systematic and
comparative analysis. By building on previous studies, this section presents a frame-
work for operationalizing fragmentation, polycentricity, and complexity in network
terms.

Current Approaches to Measuring Fragmentation, Polycentricity, and Complexity

Many studies presented in table 2 have put forward different but comparable ways
to operationalize institutional fragmentation. For example, Kim (2013) used a rel-
atively simple way of measuring the degree of fragmentation through the fraction
of the largest component of a network. Orsini et al. (2013) operationalized frag-
mentation in terms of low network density and centralization. Pattberg et al. (2014)
similarly used average degree and centralization as key variables. Beckfield (2010)
proposed a combination of low density and relatively high average path length in
comparison to network diameter. Yet other studies conceptualized fragmentation
primarily in terms of modularity. For example, Greenhill and Lupu (2017) used a
combination of metrics including modularity, and Gomez and Parigi (2015) used
a special class of modularity measure called hierarchical link clustering to measure
the degree of fragmentation.

More recently, a number of scholars adopted polycentricity as a key concept
in their studies of global institutional networks (Kim 2013; Ahlstrom and Cornell
2018). In the field of global governance, however, no major network analysis has
made an attempt to quantify the degree of polycentricity. Some initial thinking has
been done on the question of what polycentric systems might look like in network
form. For example, Galaz et al. (2012) offer schematics of weak and strong polycen-
tric order with network visualizations, ranging from a distributed structure on the
“weak” end of the spectrum to a modular and hierarchical structure on the “strong”
end. Similarly, Gallemore and Munroe (2013) place polycentricity on a continuum
defined by the degree of network centralization. These typologies form a useful
basis for operationalizing polycentricity in global governance systems.

The issue of measuring global institutional complexity is an area where there is
little consensus. This is understandable, as there are no agreed ways of measuring
complexity in the broader science of complex systems (Mitchell 2009). However,
operationalization remains a significant challenge in global governance research,
where there is no agreed understanding of which attributes make global governance
complex. Institutional complexity has been vaguely understood as a quality of an
institutional complex (e.g., Widerberg 2016), which is generally understood in the
literature as a loosely coupled set of institutions (Keohane and Victor 2011). But
such a circular definition has led to the development of divergent views on how to
measure institutional complexity.

So far, global governance scholars have operationalized global institutional com-
plexity with two key nonnetwork variables: diversity and multiplicity. For exam-
ple, Zelli, Moller, and van Asselt (2017, 670) define institutional complexity as
“a diversity of international institutions that legally or functionally overlap in ad-
dressing a given issue area of global governance.” Similarly, Zelli and van Asselt
(2013) consider the number of institutions as a proxy for institutional complexity.
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916 Is Global Governance Fragmented?

The underlying logic is that a global governance system with more diverse and nu-
merous international institutions is likely to be more complex. In general, these an-
alysts observe an increasing level of institutional complexity at the global level and
attribute it to the proliferation of public international institutions and the more
recent rise of private or hybrid authority in global governance.

Yet there is a limit to what these nonnetwork variables can tell us about complex-
ity. For instance, diversity and multiplicity may point to compositional complexity,
but they do not capture structural complexity. This also implies the failure of the
existing studies to account for the emergence of complexity because the analysts make
an ex-ante assumption that the system in question is already complex before mea-
suring the level of complexity. However, if we were to take the concept of complexity
seriously, as characterized by emergence, self-organization, and adaptation (Orsini
etal. 2019), one should not dismiss the possibility that the system in question (e.g.,
regime complex) could well be merely complicated and not complex. By definition,
a system is complex if the collective or emergent behavior of the parts together is
more than the sum of their individual behaviors. Otherwise, that is, if the whole
can be explained by studying the parts, the system is merely complicated (Mitchell
2009; Newman 2011). Diversity and multiplicity often lead to complex dynamics
and, hence, emergence but not necessarily. A typical example is an airplane that
consists of many diverse parts yet forms a predictable, complicated system. There-
fore, we should be careful not to conflate complicatedness with complexity and first
detect complexity in any attempt at measuring it (Allen et al. 2018).

Topological Signatures of Complexity in Networks

Then, how can we detect institutional complexity through network analysis? Does
it appear in certain shapes? For many decades, the underlying architecture of com-
plex systems has been thought to be random with no apparent organizing principles
(Erd6s and Rényi 1960). But through the availability of data in the late 1990s on
the structure of large networks such as the web, network scientists discovered that
the topology of real-world networks deviates from that of a random network (Albert
and Barabdsi 2002; Newman 2003). They found that complex networks have a struc-
tural configuration somewhere between regular and random networks (Newman,
Barabasi, and Watts 2006). That is to say, complexity takes the form of a nonran-
dom structure that emerges from neither extreme order nor disorder (sometimes
denoted as the “edge of chaos”). Such “organized complexity” (Weaver 1948; see
also Hidalgo 2016) is observable, as it is encoded as signatures in the topology of a
network (Barabasi 2005).

Two key structural forms in which complexity is organized are small-world and
scale-free. Small-world networks interpolate between highly clustered regular net-
works and random networks (Watts and Strogatz 1998). In a small world, the de-
gree of local clustering is high but the average path length is low, allowing any
two nodes in the network to be only a few steps apart (Watts 2004). For example,
despite the gigantic size of the web, two randomly chosen documents are on aver-
age only nineteen clicks away from each other (Albert, Jeong, and Barabasi 1999).
Scale-free networks are those with a highly skewed degree distribution called power
law, which is far from random (Barabasi and Albert 1999). In scale-free networks,
hubs can be identified that have many more connections than most other nodes
(Barabasi 2009). The small-world and scale-free network structures have implica-
tions for collective dynamics in terms of adaptiveness, robustness, and vulnerability
(Albert et al. 2000), the relevance of which has also been acknowledged by global
governance scholars interested in the effectiveness of international regimes and in-
stitutions (Young et al. 2006).

A network approach to detecting the emergence of institutional complexity
(hence some degree of order) would then involve identifying these structural

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



RakuyuN E. Kiv 917

features commonly found in many complex networks. Although small-world and
scale-free topologies are not perfect proxies for complexity (Albert and Barabasi
2002), if a network displays both of these properties in conjunction, then one could
reasonably conclude that the system is structurally complex. This approach to de-
tecting complexity was first used in global governance research by Kim (2013),
where, by tracking the changes in the topological patterns over time, it was found
that the system of multilateral environmental agreements became both a scale-free
and small-world network in 1992. In addition, the presence of a giant component, or
the largest connected component that contains a significant portion of the nodes,
was also seen as suggestive of emergent order and complexity (Janson et al. 1993).
These network-based indicators may tell us whether a system of institutions is com-
plex or merely complicated.

A Framework for Analyzing the Architecture of Global Governance

Building on previously uncoordinated attempts at operationalizing structural frag-
mentation, polycentricity, and complexity of global governance, I outline a general
analytical framework below (figure 2; table 3). This framework will provide concep-
tual clarity and allow for characterization and comparison of various networks of
international institutions.

From a network perspective, a global governance system is structurally frag-
mented when it is highly modular at the community level but sparsely connected
at the network level. The degree of clustering at the node level is not a crucial fac-
tor because clusters may well be disconnected from one another. Following such
a conceptualization, the degree of fragmentation can be measured as a function
of density, modularity, centralization, average path length, and the fraction of the
giant component. A system is fragmented when it displays “high modularity,” “low
centralization,” “low density,” and “high average path length.” In addition, a rela-
tively small giant component indicates the possibility of fragmentation. The oppo-
site would signal a defragmented governance structure, which is also described as
cohesive, contracted, integrated, or consolidated in the literature (see table 2).

The structure of a global governance system is polycentric when it is highly clus-
tered at the node level, modular at the community level, and decentralized at the
network level. The density may range widely from low to high, and the average path
length would not be a defining factor as a polycentric system does not need to be a
small world. The degree of polycentricity is then a function of clustering, modular-
ity, and centralization. A system is polycentric when it displays “high clustering co-
efficient,” “high modularity,” and “low centralization.” The opposite would indicate
a monocentric structure or star-like topology, where a single governing authority is
clearly identifiable in the core.

The structural complexity of a global governance system can be approximated
by the presence of a small-world and scale-free topology. The emergence of com-
plexity can be detected as a function of clustering, average path length, and degree
distribution. A network of international institutions is structurally complex when
it displays “high clustering coefficient,” “low average path length,” and a “highly
skewed degree distribution” that follows the power law. Also a giant component
containing more than half of all nodes is indicative of emergence. Once complexity
is detected, we may then measure the degree of complexity. In general, the architec-
ture of global governance is structurally more complex if it is denser, more modular,
or more hierarchical. The degree of complexity however decreases when the net-
work reaches a certain density.

It needs to be noted that the required levels of modularity, centralization, and
so on (i.e., what is meant by “high” or “low”) are not absolute but always relative.
For example, how modular a system must be to qualify as polycentric cannot be
determined a priori. The threshold values will vary across systems as well as over
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Figure 2. Three models of the global governance architecture: (1) defragmented and
fragmented; (2) monocentric and polycentric; and (3) complicated and complex.

time. One can only define a system structure in comparison to another or to itself
at a different point in time. This is to say, we may only reasonably suggest that a
global governance network is relatively more fragmented, polycentric, or complex
than another but not in absolute terms. Therefore, comparative or longitudinal
analysis is imperative to put observed structural features into perspective.
Furthermore, from a network perspective, fragmentation, polycentricity, and
complexity are not mutually exclusive structural characteristics. They are dis-
tinct qualities, but they can also coexist in a system. For example, it is conceiv-
able that global climate governance is fragmented (van Asselt 2014), polycentric
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Table 3. Network-based framework for measuring fragmentation, polycentricity, or complexity.

Network measures Fragmented Polycentric Complex
Clustering coefficient (or transitivity) — High High
Modularity High High —
Centralization Low Low —
Density Low — —
Average path length High — Low
Skewness in degree distribution — — High
Fraction of the giant component Low — High

(Jordan et al. 2018), and complex (Zelli et al. 2017), all at the same time. Rather
than debating which concept best describes the architecture of global governance,
it will be more productive to characterize the structure by measuring all three qual-
ities and relating what is observed to attributes such as effectiveness and legitimacy.
Nonetheless, as the above framework suggests, certain combinations of these struc-
tural qualities (e.g., polycentric fragmentation) are likely to be more common than
others (e.g., fragmented complexity).

Toward a Network Science of Global Governance

The framework for analysis presented in the previous section promises potential
for generating insights on institutional complexity and advancing the network sci-
ence of global governance. Yet, a few theoretical, methodological, and empirical
challenges remain.

Theoretical Challenges

While the knowledge about the underlying structure of a system is essential to un-
derstand its complexity, it should be noted that “network theory is not a proxy for
a theory of complexity” (Barabasi 2005, 70). In other words, a network approach
will not reveal everything we need to know about institutional complexity. This is
in large part because network theory is a structural theory. Network science only
accounts for the structural backbone of a complex system. However, the overall per-
formance of a group of international institutions, which is ultimately what we seek
to understand, is as much rooted in its structure as it is in the dynamic processes
taking place within these networks (Barabasi 2007). In other words, the structure of
relationships is important as it puts constraints on who interacts with whom, but it
says little about the content of relationships in terms of how individual agents behave
and interact (Barrat et al. 2008). For example, the degree of structural fragmenta-
tion or polycentricity does not mean much without information about the nature
of institutional interactions or context (Morrison 2017).

What is important to note, however, is that certain structural characteristics such
as modularity have been found to be a necessary condition for certain behavioral
characteristics to emerge in a system, such as resistance to change or critical transi-
tions (Scheffer et al. 2012). This implies that, independent of the precise content
of relationships, an optimal structural configuration for the global governance ar-
chitecture might exist in terms of modularity. Similar hypotheses can be developed
about density, diversity, hierarchy, small-worldliness, and so on, by drawing from the
general field of network science. The quest for a combination of desirable struc-
tural characteristics and ways to transform the existing architecture will form the
core research agenda of the network science of global governance.

Theorizing governance structure in relation to some functional traits, of course,
is not an easy challenge. A practical next step may involve defining what “too little”
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or “too much” fragmentation, polycentricity, or complexity means (bearing in mind
that the answer to this question would depend on who you ask). For example, some
legal scholars define “too much complexity” as the point when legal complexity
starts to “undermine the system’s capacity to achieve its purposes” (Ruhl and Katz
2015, 238). Governance scholars could follow this approach and direct research
efforts at identifying and explaining which structures of international institutions
are excessively fragmented, polycentric, or complex.

Methodological and Empirical Challenges

Network models often have boundaries that are drawn under theoretical and em-
pirical assumptions. This is the problem of boundary specification (Laumann,
Marsden, and Prensky 1983). For example, in mapping global climate governance,
the question arises as to which climate-related institutions to include in the analysis
and which proxies to use to connect them. This is an important consideration, as
it defines the boundaries around the governance system that the network model
will represent. However, unlike groups, networks do not have “natural” boundaries,
and they do not have to be connected (Borgatti and Halgin 2011). While there is
no clear-cut answer to this problem, one’s selection of nodes could potentially have
significant implications for results of analyses. That is because even one single mis-
placed or missing node or link could, in theory, distort the overall structure and
dynamics of a network model considerably, if that node happens to be in a central
position (Nagler, Levina, and Timme 2011). Similarly, there is a question of how to
identify nodes and links (Borgatti et al. 2009). On the one hand, one could argue
that direct observation of institutional interaction is preferable (e.g., citations and
shared membership), while on the other hand, survey data that take perceptions
into account (e.g., self-reported relationships) could be considered a more accurate
reflection of a socially constructed system. Building and analyzing multiplex net-
works by using more than one type of link in one study or comparing different stud-
ies will significantly improve our understanding of global institutional complexity.

Network analysts have not yet been able to pay much attention to the node-to-
node dynamics of processes taking place in the global governance architecture. For
practical reasons, most studies used citations or shared membership as proxies for
interinstitutional relations. However, what flows through these apparent links is not
made entirely clear; it is rather only assumed. For example, citations are assumed to
imply the extension of effects of the law from cited to citing treaties (Kim 2013), but
the exact nature and extent of such legal effects has not been scrutinized. Similarly,
it is assumed that if two institutions share a member, then knowledge, ideas, infor-
mation, and norms can more easily travel between the institutions (Bohmelt and
Spilker 2016). However, overlap in membership is not a social tie as such (Borgatti
and Halgin 2011). Therefore, network representation could be misleading; that
is, a complex institution landscape may look structurally integrated, but it may be
functionally unintegrated. These shortcomings point to the need to better capture
the dynamic processes in networks in future analysis of institutional complexity.
This will be particularly essential to empirically studying changes in the degree of
polycentricity, which requires one to take into consideration not only patterns of
relationships but also whether institutions mutually adjust their actions in line with
shared goals (Ostrom 2010).

To move forward, more event-type ties (as opposed to state-type ties) could
be used to capture institutional interactions or transactions (Borgatti and Halgin
2011). This implies tracking real flows of material or information between in-
ternational institutions (e.g., Bohmelt and Vollenweider 2013) in what some call
“influence networks” (Campbell et al. 2019; see also Boulet, Barros-Platiau, and
Mazzega 2016). Some progress has been made in that direction. For example, “di-
rect institutional links” between organizations, such as partnership and compliance
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cooperation (Perez et al. 2018), and web-based data such as hyperlinks (McNutt
and Pal 2011; Yi and Scholz 2016) and Twitter tweets (Kolleck et al. 2017) have
been proven useful. Other suggestions include mapping how problems shift (Kim
and van Asselt 2016), how policies diffuse (Sommerer and Tallberg 2019), or how
resources flow between international institutions. Some argue that we need to move
beyond abstract institutional ties and start using more concrete interpersonal ties
between decision-makers in global governance (Paterson 2019).

No doubt data availability is a key bottleneck in this field. There is not enough
quality longitudinal, relational data available to significantly advance a network un-
derstanding of global institutional complexity. Shared membership data—which is
available through a number of datasets including the Correlates of War Project
(Pevehouse, Nordstrom, and Warnke 2004)—is probably the only exception. Other
datasets on international institutions have been developed and maintained, such as
ECOLEX (FAO, IUCN, and UNEP 2019), the International Environmental Agree-
ments Database (Mitchell 2003), the Trade and Environment Database (Morin, Diir,
and Lechner 2018), the Design of Trade Agreements Database (Dtir, Baccini, and
Elsig 2014), and the Yearbook of International Organizations (UIA 2018). However,
some of these datasets are not open access and, more importantly, relational data
is not always collected or complete. ECOLEX, for example, only lists references
between treaties that are legally related, while the Yearbook of International Orga-
nizations contains self-reported information on interorganizational relationships,
but the data can be expensive for personal research use. In order to advance re-
search on global institutional complexity, it is imperative to build an open-access
data repository. Legal scholars are already calling for creating “legal maps” of na-
tional legal systems to map the law’s complexity (Ruhl and Katz 2015).

New Research Frontiers: Network Adaptation and Interaction

Researchers have made significant progress with regard to understanding structural
complexities of global governance. Below I outline two new research frontiers that
will be central to the network science of global governance.

First, there is great potential for more research on how the network of interna-
tional institutions as a whole adapts over time through individual institutions act-
ing as adaptive agents. The adaptive network model is well-suited for this type of
research (Gross and Blasius 2008; Sayama et al. 2013). This model combines the
topological evolution of a network with the dynamics of its nodes to explain how
certain complex systems adapt in the absence of an organizational center that could
adopt collective decisions. The patterns of institutional interconnections influence
its dynamic state, such as the flow of information and the intensity of cooperation.
If institutional conflicts are severe in certain parts, new institutions or strategic link-
ages are created to overcome structural constraints (e.g., Biermann 2008; Jinnah
2011; Schemeil 2013; Hall 2015). In such a way, a feedback loop is formed, which
can give rise to a complicated interaction between an evolving network architecture
and institutional dynamics. The myriad decisions of international institutions to-
gether “adapt” the global governance system, which in turn creates new conditions
for both the whole as well as for individual institutions.

Modeling the global governance system as an adaptive network has certain ad-
vantages. For example, we can provide room for individual agency, the ability
for individual institutions to influence their own success (Dellas, Pattberg, and
Betsill 2011), which then no longer rests completely within the structure of their
network. This line of research will also contribute to building what Borgatti and
Halgin (2011) call the “network theory of networks,” where network properties are
used to explain other or future network properties of the same network. This could
be challenging however because, although what happens on the individual node-
level is related to the network-level, it is not to the extent that individual actions are
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fully mirrored in the whole (Teisman and Gerrits 2014). Furthermore, international
institutions or regimes are themselves networks of elementary heterogeneous ac-
tors and institutions (Morin et al. 2017), the behaviors of which unfold over time
and manifest themselves on multiple scales (Watts 2007). To make progress on this
front, the rich literature on individual treaties and regimes as well as their dyadic
relationships (table 1) should be married with network-level studies (table 2).

Second, the global governance research community should consider moving be-
yond analysis of a single network of institutions to “networks of networks” (Kenett,
Perc, and Boccaletti 2015). There are vertical and horizontal dimensions to this
challenge. Vertical interaction occurs between networks operating at different lev-
els or scales of analysis. For example, global institutional systems interact with na-
tional policy networks. This vertical dimension is central to research on multilevel
or polycentric governance (Ostrom 2010) and relates to the analysis of institutional
fit (Young 2002; Galaz et al. 2008; Ekstrom and Young 2009; Bodin et al. 2019) or
spatial misalignments between governance and environmental systems (Sayles and
Baggio 2017). Methodological tools already exist to enable multilevel and evolu-
tionary network analysis (Huisman and Snijders 2003; Snijders 2005; Snijders and
Bosker 2012), with some research already conducted with the global fisheries gov-
ernance complex (Hollway and Koskinen 2016).

Horizontal interaction occurs between networks operating at the same level or
scale of analysis. Some attempts have been made to capture the dynamics of hori-
zontal interaction through studies on, for example, nontrade issues in preferential
trade agreements (Manger and Pickup 2014; Milewicz et al. 2017), political alliances
on bilateral trade networks (Haim 2016), and the coevolution of defense coopera-
tion and bilateral lending (Kinne and Bunte 2018). However, none of these studies
are about “cross-network effects” in the true sense (Snijders, Lomi, and Torl6 2013).
Future research could look at, for example, the coevolution of the systems of inter-
national environmental agreements and preferential trade agreements. These net-
works are distinct yet open systems with porous boundaries; processes taking place
in one network affects what is happening in another (Kenett et al. 2015). There-
fore, where two systems meet, what is exchanged at this interface, how the interface
changes over time, and ultimately how two systems interact are important questions
to explore. Such a network approach to analyzing node-level connectivity between
two or more systems is a promising area of research.

Conclusions

Significant scholarly attention has been paid to the structural characteristics of
global governance systems and what they imply for the performance of interna-
tional institutions embedded therein. However, empirical and methodological chal-
lenges have been severe in this field of research. We have so far drawn most of
our insights from qualitative studies of a few prominent international institutions.
Global governance scholars have also borrowed concepts from other disciplines and
come to characterize the overall system architecture as primarily fragmented, poly-
centric, or complex. Yet, there is no consensus among the scholars on what exactly
these structural descriptors mean or imply. This article is motivated by the need to
bring conceptual and analytical clarity to this theoretical debate around the archi-
tecture of global governance.

In this article, I put emphasis on the potential of network theory and analysis.
The network approach to understanding the structural complexity of global gover-
nance has been proven effective as an analytical tool, as well as a theoretical lens. It
has allowed us to shed light on key puzzles: how structural complexities emerge and
evolve (theory of networks) and how structures yield certain outcomes for individ-
ual international institutions or regime complexes (network theory). Furthermore,
the network approach has demonstrated its utility in advancing our understanding
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of how global governance networks as a whole adapt through adaptive institutions
(the network theory of networks) and how these networks interact with one another
(networks of networks).

This article has offered a state-of-the-art review of network analyses of global gov-
ernance found in different bodies of literature. I have outlined various ways of map-
ping networks of international institutions, ranging from intergovernmental agree-
ments and organizations to private codes or standards. The review shows that, so far,
textual references and shared membership are most common proxies for interin-
stitutional relationships, but there is scope for expansion into using direct links or
more event-type ties, which will allow us to capture the dynamics in networks better.
Previous studies have generated some initial insights into the structural complexity
of global governance. Contrary to widely held assumptions, for example, opposing
forces are being exerted on the structure of global governance that make the insti-
tutional landscape increasingly uneven. Emergent hierarchy is commonly observed,
as well as significant structural variation. Furthermore, the relationship between net-
work properties and the nonnetwork variables such as performance are not linear,
but network effects diminish after they reach a peak.

Building on existing studies that attempted to operationalize fragmentation, poly-
centricity, and complexity in various ways, this article offers an integrated framework
for operationalizing these structural characteristics. The new framework will allow
systematic and comparative analysis of various global governance systems that go be-
yond often subjective, therefore incomparable, assessments. This framework could
be instrumental in advancing the network science of global governance.

Will network theory and analysis contribute to designing appropriate responses
for steering the behavior of complex governance systems? While it is yet prema-
ture to make any conclusive statements, a network understanding of institutional
or regime complexes or governance architectures has the potential to be useful
for forming the basis of policy, organizational, or governance reform measures. In
particular, an improved understanding of the networked system will provide valu-
able insights into how to intervene, where, when, and by whom, helping channel
the complexity into desirable change (Klijn and Koppenjan 2014; see also Valente
2012).

It is important to note, however, that the network science of global governance
alone will not be able to offer fully satisfactory answers to all our questions. Exist-
ing and ongoing research on individual international institutions and their inter-
actions, as well as the complexes they form through organic processes, should be
further integrated with the insights that network analysis generates. Furthermore,
we may benefit significantly by combining different methods that are available to
study complex systems. For example, network analysis could be married with other
methods to study the complex dynamics of and on the network over time, such
as system dynamics and agent-based modeling (Carley et al. 2007; Morcol 2014;
Morc¢ol and Wachhaus 2014). Methodological innovation will, in turn, allow us to
further theoretical development.

Acknowledgements

I thank Victor Galaz, Maya Bogers, Frank Biermann, and the editors and review-
ers of International Studies Review for their valuable comments on an earlier draft
of this article.

References

Asport, KEnNETH W. 2012. “The Transnational Regime Complex for Climate Change.” Environment and
Planning C: Government and Policy 30 (4): 571-90.

. 2014. “Strengthening the Transnational Regime Complex for Climate Change.” Transnational

Environmental Law 3 (1): 57-88.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



924 Is Global Governance Fragmented?

AHLSTROM, HANNA, AND SaraH E. CorNELL. 2018. “Governance, Polycentricity and the Global Nitrogen and
Phosphorus Cycles.” Environmental Science & Policy 79: 54—65.

ALBERT, REKA, AND ALBERT-LASzLO BarABAsL. 2002. “Statistical Mechanics of Complex Networks.” Reviews of
Modern Physics 74 (1): 47-97.

ALBERT, REKA, HAWOONG JEONG, AND ALBERF-LASzZLO BaraBAsL. 1999. “Diameter of the World-Wide Web.”
Nature 401 (6749): 130-1.

. 2000. “Error and Attack Tolerance of Complex Networks.” Nature 406 (6794): 378-82.

Avicica, PAuL D., AND VLAD Tarko. 2011. “Polycentricity: From Polanyi to Ostrom, and Beyond.” Governance
25 (2): 237-62.

ALLEN, Timothy F. H., PRESTON AUSTIN, MARIO GIAMPIETRO, ZORA Kovacic, EDMOND RAMLY, AND JOsEPH TAIN-
TER. 2018. “Mapping Degrees of Complexity, Complicatedness, and Emergent Complexity.” Ecological
Complexity 35: 39—-44.

ALTER, KAREN J., AND SopHIE MEUNIER. 2009. “The Politics of International Regime Complexity.” Perspectives
on Politics 7 (1): 13-24.

ANDONOVA, Liriana B. 2010. “Public-Private Partnerships for the Earth: Politics and Patterns of Hybrid
Authority in the Multilateral System.” Global Environmental Politics 10 (2): 25-53.

AntON, DonaLp K. 2012. ““Treaty Congestion’ in International Environmental Law.” In Routledge Hand-
book of International Environmental Law, edited by Shawkat Alam, Jahid Hossain Bhuiyan, Tareq M. R.
Chowdhury and Erika J. Techera, 651-65. London: Routledge.

ATOUBA, YANNICK, AND MICHELLE SHUMATE. 2010. “Interorganizational Networking Patterns among Devel-
opment Organizations.” Journal of Communication 60 (2): 293-317.

AtouBA, YANNICK C., AND MICHELLE SHUMATE. 2014. “International Nonprofit Collaboration: Examining the
Role of Homophily.” Nonprofit and Voluntary Sector Quarterly 44 (3): 587-608.

BACKER, LARRY CATA. 2012. “The Structural Characteristics of Global Law for the 21st Century: Fracture,
Fluidity, Permeability, and Polycentricity.” Tilburg Law Review 17 (2): 177-99.

BaraBAsI, ALBERT-LAszLO. 2005. “Taming Complexity.” Nature Physics 1 (2): 68-70.

. 2007. “The Architecture of Complexity: From Network Structure to Human Dynamics.” IEEE

Control Systems Magazine, August 2007: 33—-42.

. 2009. “Scale-Free Networks: A Decade and Beyond.” Science 325: 412-13.

BARABASI, ALBERT-LASZLO, AND REKA ALBERT. 1999. “Emergence of Scaling in Random Networks.” Science 286
(5939): 509-12.

BARRAT, ALAIN, MARC BARTHELEMY, AND ALESSANDRO VESPIGNANL 2008. Dynamical Processes on Complex Networks.
Cambridge: Cambridge University Press.

BARRETT, ScotT. 2005. “The Theory of International Environmental Agreements.” In Handbook of Environ-

mental Economics: Economywide and International Environmental Issues, edited by Karl-Géran Miler and
Jeffrey R. Vincent, 1458-516. Amsterdam: Elsevier.

BECKFIELD, JasoN. 2008. “The Dual World Polity: Fragmentation and Integration in the Network of Inter-
governmental Organizations.” Social Problems 55: 419-42.

. 2010. “The Social Structure of the World Polity.” American Journal of Sociology 115 (4): 1018-68.

BeTsiL, MicHELE M., AND ELisaBeTH CORELL, eds. 2008. NGO Diplomacy: The Influence of Nongovernmental
Organizations in International Environmental Negotiations. Cambridge, MA: The MIT Press.

BETSILL, MICHELE, NavrROZ K. DUBASH, MATTHEW PATERSON, HARRO VAN ASSELT, ANTTO VIHMA, AND HARALD WIN-
KLER. 2015. “Building Productive Links between the UNFCCC and the Broader Global Climate Gov-
ernance Landscape.” Global Environmental Politics 15 (2): 1-10.

Buacwari, Jacpisu N. 2008. Termites in the Trading System: How Preferential Agreements Undermine Free Trade.
Oxford: Oxford University Press.

BiErRMANN, FRANK. 2014. Earth System Governance: World Politics in the Anthropocene. Cambridge, MA: The
MIT Press.

BiERMANN, FRANK, PHILIPP PATTBERG, HARRO VAN AsSELT, AND FARIBORZ ZELLL 2009. “The Fragmentation of
Global Governance Architectures: A Framework for Analysis.” Global Environmental Politics 9 (4): 14—
40.

BIERMANN, FRANK, AND BERND SIEBENHUNER. 2009. Managers of Global Change: The Influence of Inlernational
Environmental Bureaucracies. Cambridge, MA: The MIT Press.

BiermANN, RaraeL. 2008. “Towards a Theory of Inter-organizational Networking: The Euro-
Atlantic Security Institutions Interacting.” Review of International Organizations 3 (2): 151-
717.

BIERMANN, RAFAEL, AND JoacHiM A. Koors, eds. 2017. Palgrave Handbook of Inter-organizational Relations in
World Politics. London: Palgrave Macmillan.

BocCALETTI, STEFANO, VITO LATORA, YAMIR MORENO, MARIO CHAVEZ, AND DONGUK HwaNG. 2006. “Complex
Networks: Structure and Dynamics.” Physics Reports 424 (4-5): 175-308.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



RaknyuN E. Kiv 925

Bobin, ORJAN, STEVEN M. ALEXANDER, JACOPO BAGGIO, MICHELE L. BARNES, RAMIRO BERARDO, GRAEME S. CuM-
MING, AND Laura E. DEE et al. 2019. “Improving Network Approaches to the Study of Complex Social-
Ecological Interdependencies.” Nature Sustainability 2 (7): 551-9.

BobiN, Orjan, AND Beatrice I. Crona. 2009. “The Role of Social Networks in Natural Resource Governance:
What Relational Patterns Make a Difference.” Global Environmental Change 19 (3): 366-74.

Bonmert, Toias, AND GABRIELE SPILKER. 2016. “The Interaction of International Institutions from a Social
Network Perspective.” International Environmental Agreements 16 (1): 67-89.

Bonwmerr, Tosias, AND JURG VOLLENWEIDER. 2013. “Information Flows and Social Capital Through Linkages:
The Effectiveness of the CLRTAP Network.” International Environmental Agreements 15 (2): 105-23.

Boraarri, STEPHEN P. 2005. “Centrality and Network Flow.” Social Networks 27 (1): 55-71.

Borearrr, STEPHEN P., AND DANIEL S. HaLGIN. 2011. “On Network Theory.” Organization Science 22 (5): 1168—
81.

BorGatTr, STEPHEN P., AJay MEHRA, DANIEL J. BRass, AND GIUsePPE Labianca. 2009. “Network Analysis in the
Social Sciences.” Science 323 (5916): 892-5.

BorGeN, CHrisToPHER J. 2012, “Treaty Conflicts and Normative Fragmentation.” In The Oxford Guide to
Treaties, edited by Duncan B. Hollis, 448-71. Oxford: Oxford University Press.

BouLET, ROMAIN, ANA Fravia BARROS-PLATIAU, AND PIERRE MAzzEGA. 2016. “35 Years of Multilateral Environ-
mental Agreements Ratifications: A Network Analysis.” Artificial Intelligence and Law 24: 133-48.

BouLET, RoMAIN, CLAIRE LAJAUNIE, AND PIERRE MAZZEGA. (eds.). 2019. Law, Public Policies and Complex Systems:
Networks in Action. Cham: Springer.

Bowp, EmiLy, ANp CarL FoLkE, eds. 2012. Adapting Institutions: Governance, Complexity and Social-Ecological
Resilience. Cambridge: Cambridge University Press.

BrowN WErss, Eprta. 1993. “International Environmental Law: Contemporary Issues and the Emergence
of a New World Order.” Georgetown Law Journal 81: 675-710.

BurcH, SarAH, AARTI GUPTA, CRISTINA Y. A. INOUE, AGNI KALFAGIANNI, Asa PERssoN, ANDREA K. GERLAK, AND AT-
susHI Isan et al. 2019. “New Directions in Earth System Governance Research.” Earth System Governance
1: 100006.

CampBELL, BENJAMIN W., FRANK W. MARRS, Topias BOHMELT, BAILEY K. FOSDICK, AND SKYLER J. CRANMER. 2019.
“Latent Influence Networks in Global Environmental Politics.” PLOS One 14 (3): €0213284.

CARLEY, KATHLEEN M., JANA DIESNER, JEFFREY REMINGA, AND MaksiM TSVETOVAT. 2007. “Toward an Interoperable
Dynamic Network Analysis Toolkit.” Decision Support Systems 43 (4): 1324-47.

CHaMBERS, W. BRADNEE 2008. Interlinkages and the Effectiveness of Multilateral Environmental Agreements. Tokyo:
United Nations University Press.

CoLGaN, JEFF D., ROBERT O. KEOHANE, AND THIJs VAN DE GrAAF. 2012. “Punctuated Equilibrium in the Energy
Regime Complex.” Review of International Organizations 7 (2): 117-43.

CRANMER, SKYLER J., AND BRUCE A. DEsMARaLs. 2011. “Inferential Network Analysis with Exponential Random
Graph Models.” Political Analysis 19 (1): 66-86.

. 2016. “A Critique of Dyadic Design.” International Studies Quarterly 60 (2): 355—-62.

CRANMER, SKYLER J., BRUCE A. DEsMARALS, AND JusTIN H. KiRkLAND. 2012. “Toward a Network Theory of Al-
liance Formation.” International Interactions 38 (3): 295-324.

CRANMER, SKYLER J., BRUCE A. DEsMARAIS, AND ELIZABETH J. MENNINGA. 2012. “Complex Dependencies in the
Alliance Network.” Conflict Management and Peace Science 29 (3): 279-313.

CRANMER, SKYLER J., Topias HEINRICH, AND BRUCE A. DEsmarals. 2014. “Reciprocity and the Structural Deter-
minants of the International Sanctions Network.” Social Networks 36 (1): 5—22.

D LoMmBAERDE, PHILIPPE, LELIO IAPADRE, ANN MCCRANIE, AND Lucia TajoLr. 2019. “Using Network Analysis
to Study Globalization, Regionalization, and Multi-Polarity: Introduction to Special Section.” Network
Science 6 (4): 494-516.

DeLLAS, ELENI, PHILIPP PATTBERG, AND MICHELE BETsILL. 2011. “Agency in Earth System Governance: Refining
a Research Agenda.” International Environmental Agreements 11 (1): 85-98.

Desmarais, BRUCE A., AND SkvLER J. CRaNMER. 2012. “Micro-level Interpretation of Exponential Ran-
dom Graph Models with Application to Estuary Networks.” Policy Studies Journal 40 (3): 402—
34.

.2017. “Statistical Inference in Political Networks Research.” In The Oxford Handbook of Political Net-
works, edited by Jennifer Nicoll Victor, Alexander H. Montgomery and Mark Lubell, 203-19. Oxford:
Oxford University Press.

DrezNER, DaNieL W. 2009. “The Power and Peril of International Regime Complexity.” Perspectives on
Politics 7: 65-70.

DUFFIELD, JoHN. 2007. “What Are International Institutions?” International Studies Review 9: 1-22.

Durt, ANDREAS, AND VICTOR Garaz. 2008. “Governance and Complexity: Emerging Issues for Governance
Theory.” Governance 21 (3): 311-35.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



926 Is Global Governance Fragmented?

Durr, ANDREAS, VICTOR GALAZ, KATARINA ECKERBERG, AND JoNas EBBEssoN. 2010. “Governance, Complexity,
and Resilience.” Global Environmental Change 20 (3): 363-8.

DUR, ANDREAS, LEONARDO BacciNi, AND MANFRED Ersic. 2014. “The Design of International Trade Agree-
ments: Introducing a New Dataset.” Review of International Organizations 9 (3): 353-75.

EnLSTRUP-SANGIOVANNI, METTE. 2017. “Global Governance Networks.” In The Oxford Handbook of Political
Networks, Global Governance Networks, edited by Jennifer Nicoll Victor, Alexander H. Montgomery
and Mark Lubell, 689-713. Oxford: Oxford University Press.

. 2018. “Death of International Organizations: The Organizational Ecology of Intergovernmental
Organizations, 1815-2015.” Review of International Organizations 70: 1-32.

ExstrOM, JULIA A., AND ORAN R. YoUNG. 2009. “Evaluating Functional Fit between a Set of Institutions and
an Ecosystem.” Ecology and Society 14 (2): 16.

ERrDOs, PAL, AND ALFRED RNy, 1960. “On the Evolution of Random Graphs.” Publications of the Mathematical
Institute of the Hungarian Academy of Sciences 5: 17-61.

FAO, IUCN, anp UNEP. 2019. “ECOLEX: The Gateway to Environmental Law.” Accessed August 8, 2019.
https://www.ecolex.org.

FERNANDEZ-Br.ANCO, CARMEN RODRIGUEZ, SARAH L. BURNS, AND Lukas Giessen. 2019. “Mapping the Fragmen-
tation of the International Forest Regime Complex: Institutional Elements, Conflicts and Synergies.”
International Environmental Agreements 19 (4): 187-205.

FiscHER-LESCANO, ANDREAS, AND GUNTHER TEUBNER. 2004. “Regime-Collisions: The Vain Search for Le-
gal Unity in the Fragmentation of Global Law.” Michigan Journal of International Law 25: 999-
1073.

Forrunaro, Santo. 2010. “Community Detection in Graphs.” Physics Reports 486 (3-5): 75-174.

GaLaz, VICTOR, BeaTriCE CroNa, HENrIK OsTERBLOM, PER OLssON, aND CArL FOLke. 2012. “Polycentric
Systems and Interacting Planetary Boundaries: Emerging Governance of Climate Change-Ocean
Acidification—Marine Biodiversity.” Ecological Economics 81 (C): 21-32.

Garaz, VicTor, PEr OrssoN, THomas HanN, CarL Foike, axp Uno SvepiN. 2008. “The Problem of Fit be-
tween Governance Systems and Environmental Regimes.” In Institutions and Environmental Change:
Principal Findings, Applications, and Research Frontiers, edited by Oran R. Young, Leslie A. King and
Heike Schroeder, 147-86. Cambridge, MA: The MIT Press.

GALAZ, VICTOR, JONAS TALLBERG, ARJEN BOIN, Craupia ITUARTE Lima, ELLEN HEy, PER OLSSON, AND FRANCES
WesTLEY. 2017. “Global Governance Dimensions of Globally Networked Risks: The State of the Art in
Social Science Research.” Risk, Hazards & Crisis in Public Policy 8 (1): 4-27.

GALLEMORE, CALEB, AND DARLA K. MUNROE. 2013. “Centralization in the Global Avoided Deforestation Col-
laboration Network.” Global Environmental Change 23 (5): 1199-210.

GEHRING, THOMAS, AND BENJAMIN FaupE. 2014. “A Theory of Emerging Order within Institutional Com-
plexes: How Competition Among Regulatory International Institutions Leads to Institutional Adap-
tation and Division of Labor.” Review of International Organizations 9 (4): 471-98.

GEHRING, THOMAS, AND SEBASTIAN OBERTHUR. 2009. “The Causal Mechanisms of Interaction between Inter-
national Institutions.” European Journal of International Relations 15 (1): 125-56.

GoMEz, CHARLES J., AND PaoLo Paricl. 2015. “The Regionalization of Intergovernmental Organization Net-
works: A Non-linear Process.” Social Networks 43: 192—-203.

GOVYAL, SANJEEV, AND SumiT JosHI. 2006. “Bilateralism and Free Trade.” International Economic Review 47 (3):
749-78.

GREEN, JEssica F. 2013. “Order out of Chaos: Public and Private Rules for Managing Carbon.” Global
Environmental Politics 13 (2): 1-25.

.2017. “Blurred Lines: Public-Private Interactions in Carbon Regulations.” International Interactions
43 (1): 103-28.

GREENHILL, BRIAN, AND YONATAN Lupu. 2017. “Clubs of Clubs: Fragmentation in the Network of Intergov-
ernmental Organizations.” International Studies Quarterly 61 (1): 181-95.

Gross, THILO, AND BERND Brasius. 2008. “Adaptive Coevolutionary Networks: A Review.” Journal of the Royal
Society Interface 5 (20): 259-71.

HAFNER-BURTON, EMILIE M., AND ALEXANDER H. MONTGOMERY. 2006. “Power Positions: International Organi-
zations, Social Networks, and Conflict.” Journal of Conflict Resolution 50 (1): 3-27.

HAFNER-BURTON, EMILIE M., MILES KAHLER, AND ALEXANDER H. MoNTGOMERY. 2009. “Network Analysis for
International Relations.” International Organization 63 (3): 559-92.

Hamv, DoTan A. 2016. “Alliance Networks and Trade.” Journal of Peace Research 53 (3): 472-90.

Harr, Niva. 2015. “Money or Mandate? Why International Organizations Engage with the Climate
Change Regime.” Global Environmental Politics 15 (2): 79-97.

Hicks, BErnany LukitscH. 1999. “Treaty Congestion in International Environmental Law: The Need for
Greater International Coordination.” University of Richmond Law Review 32: 1643-74.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq


https://www.ecolex.org

RaknyuN E. Kiv 927

Hmarco, Cisar A. 2016. “Disconnected, Fragmented, or United? A Trans-disciplinary Review of Network
Science.” Applied Network Science 1 (6): 1-19.

Horiway, JamEs, AND JoHAN KOsSKINEN. 2016. “Multilevel Embeddedness: The Case of the Global Fisheries
Governance Complex.” Social Networks 44 (1): 281-94.

Huisman, Mark, anp Tom A. B. Sxipers. 2003. “Statistical Analysis of Longitudinal Network Data with
Changing Composition.” Sociological Methods & Research 32 (2): 253-87.

INcoLD, KariN. 2017. “How to Create and Preserve Social Capital in Climate Adaptation Policies: A Net-
work Approach.” Ecological Economics 131 (C): 414—4.

Jackson, MattHEW O. 2008. Social and Economic Networks. Princeton, NJ: Princeton University Press.

Janson, SvanTE, DoNaLp E. KNuTH, Tomasz Luczak, ANp Boris PrrreL. 1993. “The Birth of the Giant Com-
ponent.” Random Structures and Algorithms 4: 231-358.

Jimnan, Sikina. 2011, “Climate Change Bandwagoning: The Impacts of Strategic Linkages on Regime
Design, Maintenance, and Death.” Global Environmental Politics 11 (3): 1-9.

JINNAH, SIKINA. 2014. Post-treaty Politics: Secretariat Influence in Global Environmental Governance. Cambridge,
MA: The MIT Press.

Jonnson, TaNa, AND JOHANNES URPELAINEN. 2012. “A Strategic Theory of Regime Integration and Separa-
tion.” International Organization 66 (4): 645-77.

JorpaN, ANDREW, DAvE Hurtema, HARRO VAN ASSELT, AND JOHANNA FORSTER, eds. 2018. Governing Climate
Change: Polycentricity in Action? Cambridge: Cambridge University Press.

Kanie, NoricHIRA. 2007. “Governance with Multilateral Environmental Agreements: A Healthy or Ill-
equipped Fragmentation?” In Global Environmental Governance: Perspectives on the Current Debate, edited
by Lydia Swart and Estelle Perry, 67-86. New York: Center for UN Reform Education.

KeNETT, DROR Y., MATJAZ PERC, AND STEFANO BoccareTTl. 2015. “Networks of Networks: An Introduction.”
Chaos, Solitons and Fractals 80: 1-6.

KeoHANE, ROBERT O., AND Davip G. Victor. 2011. “The Regime Complex for Climate Change.” Perspectives
on Politics 9 (1): 7-23.

KM, Kyunemo, AND GEORGE A. BARNETT. 2000. “The Structure of the International Telecommunications
Regime in Transition: A Network Analysis of International Organizations.” International Interactions
26 (1): 91-127.

Kiv, Rakayun E. 2013. “The Emergent Network Structure of the Multilateral Environmental Agreement
System.” Global Environmental Change 23: 980-91.

KM, RAKHYUN E., AND BRENDAN MackEY. 2014. “International Environmental Law as a Complex Adaptive
System.” International Environmental Agreements 14 (1): 5-24.

Kiv, RAKHYUN E., AND HARRO VAN AssiLT. 2016. “Global Governance: Problem Shifting in the Anthropocene
and the Limits of International Law.” In Research Handbook on International Law and Natural Resources,
edited by Elisa Morgera and Kati Kulovesi, 473-95. Cheltenham, UK: Edward Elgar.

KINNE, BRANDON J. 2012. “Multilateral Trade and Militarized Conflict: Centrality, Openness, and Asymme-
try in the Global Trade Network.” The Journal of Politics 74 (1): 308-22.

. 2018a. “IGO Membership, Network Convergence, and Credible Signaling in Militarized Dis-

putes.” Journal of Peace Research 50 (6): 659-76.

. 2013b. “Network Dynamics and the Evolution of International Cooperation.” American Political

Science Review 107 (4): 766-85.

. 2018. “Defense Cooperation Agreements and the Emergence of a Global Security Network.”
International Organization 72 (4): 799-837.

KINNE, BRANDON J., AND JoNAs B. BUNTE. 2018. “Guns or Money? Defense Co-operation and Bilateral Lend-
ing as Coevolving Networks.” British Journal of Political Science 45: 1-22.

Kuryn, Erik-Hans. 2008. “Complexity Theory and Public Administration: What's New?” Public Management
Review 10 (3): 299-317.

Kryn, Erik-Hans, axp Joor Koppenjan. 2012. “Governance Network Theory: Past, Present and Future.”
Policy & Politics 40 (4): 587-606.

Kuyn, Erik-Hans, anp Joop F. M. KorpenjaN. 2014. “Complexity in Governance Network Theory.” Complex-
ity, Governance & Networks 1 (1): 61-70.

KoLLECK, NINA, MAREIKE WELL, SEVERIN SPERZEL, AND HELGE JORGENS. 2017. “The Power of Social Networks:
How the UNFCCC Secretariat Creates Momentum for Climate Education.” Global Environmental Poli-
tics 17 (4): 106-26.

LajauNie, CLAIRE, PIERRE MAZZEGA, AND ROMAIN BouLET. 2018. “Health in Biodiversity-Related Conventions:
Analysis of a Multiplex Terminological Network 1973-2016.” In Big Data in Computational Social Science
and Humanities, edited by Shu-Heng Chen, 165-82. Cham, Switzerland: Springer.

LaTORA, VITO, AND Massimo MarcHIORLL 2001. “Efficient Behavior of Small-World Networks.” Physical Review
Letters 87 (19): 440—4.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



928 Is Global Governance Fragmented?

LaumanN, Epwarp O., PETER V. MARSDEN, AND DaviD PrENsky. 1983. “The Boundary Specification Problem
in Network Analysis.” In Applied Network Analysis: A Methodological Introduction, edited by Ronald S.
Burt and Michael J. Minor, 18-34. Beverly Hills, CA: SAGE.

Lazer, Davip. 2011. “Networks in Political Science: Back to the Future.” Political Science & Politics 44 (1):
61-8.

Lazer, Davip, ALEx PENTLAND, LADA ADAMIC, SINAN ARAL, ALBERT-LASZLO BARABASI, DEVON BREWER, AND
NicHoLas CHRISTAKIS et al. 2009. “Computational Social Science.” Science 323 (5915): 721-3.

Le PReSTRE, PriLippe. 2017. Global Ecopolitics Revisited: Toward a Complex Governance of Global Environmental
Problems. London: Routledge.

LeE, TAEDONG. 2019. “Network Comparison of Socialization, Learning and Collaboration in the C40 Cities
Climate Group.” Journal of Environmental Policy & Planning 21 (1): 104-15.

Lupu, YONATAN, AND BRIAN GREENHILL. 2017. “The Networked Peace: Intergovernmental Organizations and
International Conflict.” Journal of Peace Research 54 (6): 833—48.

MANGER, MARK S., AND MARK A. Pickup. 2014. “The Coevolution of Trade Agreement Networks and Democ-
racy.” Journal of Conflict Resolution 60 (1): 164-91.

Maoz, Zeev. 2011. Networks of Nations: The Evolution, Structure, and Impact of International Networks, 1816—
2001. Cambridge: Cambridge University Press.

. 2012a. “How Network Analysis Can Inform the Study of International Relations.” Conflict Man-

agement and Peace Science 29 (3): 247-56.

. 2012b. “Preferential Attachment, Homophily, and the Structure of International Networks,
1816-2003.” Conflict Management and Peace Science 29 (3): 341-69.

McNuTtT, KATHLEEN, AND LESLIE A. PAL. 2011. ““Modernizing Government’: Mapping Global Public Policy
Networks.” Governance 24 (3): 439-67.

MCPHERSON, MILLER, LYNN SMITH-LOVIN, AND JaMES M. Cook. 2001. “Birds of a Feather: Homophily in Social
Networks.” Annual Review of Sociology 27 (1): 415-44.

MEYER, JoHN W., Davip JoHN Frank, ANN HIRONAKA, EVAN SCHOFER, AND NANCY BRanDON Tuma. 1997. “The
Structuring of a World Environmental Regime, 1870-1990.” International Organization 51 (4): 623-51.

MiLEs, EDWARD L., ARILD UNDERDAL, STEINAR ANDRESEN, JORGEN WETTESTAD, JON BIRGER SKJ£ERSETH, AND ELAINE
M. Carui, eds. 2002. Environmental Regime Effectiveness: Confronting Theory with Evidence. Cambridge,
MA: The MIT Press.

MiLewicz, KAROLINA, James HoLiway, CLAIRE PEACOCK, AND DuNcaN SNipaL. 2017. “Beyond Trade: The Ex-
panding Scope of the Nontrade Agenda in Trade Agreements.” Journal of Conflict Resolution 54 (3):
1-31.

MitcHELL, MELANIE. 2009. Complexity: A Guided Tour. Oxford: Oxford University Press.

MircHELL, RoNALD B. 2003. “International Environmental Agreements: A Survey of Their Features, For-
mation, and Effects.” Annual Review of Environment and Resources 28 (1): 429-61.

MorcoL, Gokruc. 2014. “Complex Governance Networks: An Assessment of the Advances and Prospects.”
Complexity, Governance & Networks 1: 5-16.

MorcoL, GOKTUG, AND AARON WacHHAus. 2014. “Network and Complexity Theories: A Comparison and
Prospects for a Synthesis.” Administrative Theory & Praxis 31 (1): 44-58.

MoRIN, JEAN-FREDERIC, ANDREAS DUR, AND Lisa LECHNER. 2018. “Mapping the Trade and Environment Nexus:
Insights from a New Data Set.” Global Environmental Politics 18 (1): 122-39.

MORIN, JEAN-FREDERIC, SELIM LOUAFI, AMANDINE ORSINI, AND MOHAMED OUBENAL. 2017. “Boundary Organiza-
tions in Regime Complexes: A Social Network Profile of IPBES.” Journal of International Relations and
Development 20 (3): 543-77.

MORIN, JEAN-FREDERIC, AND AMANDINE ORsINI 2013. “Regime Complexity and Policy Coherency: Introducing
a Co-adjustments Model.” Global Governance 19 (1): 41-51.

MORIN, JEAN-FREDERIC, JOOST PAUWELYN, AND JaMEs Horrway. 2017. “The Trade Regime as a Complex Adap-
tive System: Exploration and Exploitation of Environmental Norms in Trade Agreements.” Journal of
International Economic Law 20 (2): 365-90.

MorrisoN, Tireany H. 2017. “Evolving Polycentric Governance of the Great Barrier Reef.” Proceedings of the
National Academy of Sciences 114 (15): E3013-21.

Murbig, Amanpa. 2013. “The Ties That Bind: A Network Analysis of Human Rights International Non-
governmental Organizations.” British Journal of Political Science 44 (1): 1-27.

NAGLER, JAN, ANNA LEVINA, AND MarRc Timue. 2011, “Impact of Single Links in Competitive Percolation.”
Nature Physics 7 (3): 265-70.

Najam, Apir, Iort CHRISTOPOULOU, AND WILLIAM R. Moomaw. 2004. “The Emergent ‘System’ of Global Envi-
ronmental Governance.” Global Environmental Politics 4 (4): 23-35.

NewmAN, Mark E. J. 2003. “The Structure and Function of Complex Networks.” SIAM Review 45 (2):
167-256.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



RaknyuN E. Kiv 929

NEwMAN, MaRk E. J. 2006. “Modularity and Community Structure in Networks.” Proceedings of the National
Academy of Sciences 103 (23): 8577-82.

. 2010. Networks: An Introduction. Oxford: Oxford University Press.

. 2011. “Complex Systems.” American_Journal of Physics 79 (800-810): 800-10.

NEWMAN, MARK, ALBERFLASZLO BARABASI, AND DUNcAN J. WatTs, eds. 2006. The Structure and Dynamics of
Networks. Princeton, NJ: Princeton University Press.

OATLEY, THOMAS, W. KINDRED WINECOFF, ANDREW PENNOCK, AND SARAH BAUERLE DANzMAN. 2013. “The Political
Economy of Global Finance: A Network Model.” Perspectives on Politics 11 (1): 133-53.

OBERTHUR, SEBASTIAN, AND THOMAS GEHRING, eds. 2006. Institutional Interaction in Global Environmental Gov-
ernance: Synergy and Conflict among International and EU Policies. Cambridge, MA: The MIT Press.

OBERTHUR, SEBASTIAN, AND OLAV SCHRAM STOKKE, eds. 2011. Managing Institutional Complexity: Regime Interplay
and Global Environmental Change. Cambridge, MA: The MIT Press.

O’NEILL, KATE, ERIKA WEINTHAL, KIMBERLY R. MARION SUISEEYA, STEVEN BERNSTEIN, AVERY COHN, MICHAEL W.
STONE, AND BENjAMIN CAsHORE. 2013. “Methods and Global Environmental Governance.” Annual Review
of Environment and Resources 38: 441-71.

ORSINI, AMANDINE, PHILIPPE LE PRESTRE, PETER M. HaAs, PHiLIPP PATTBERG, MAITE BRrOSIG, OSCAR WIDERBERG,
AND LAURA GOMEZ-MERA et al. 2019. “Forum: Complex Systems and International Governance.” Inter-
national Studies Review 70: 1-31.

ORSINI, AMANDINE, JEAN-FREDERIC MORIN, AND ORAN YOUNG. 2013. “Regime Complexes: A Buzz, a Boom, or
a Boost for Global Governance?” Global Governance 19 (1): 27-39.

OstrOM, ELINOR. 2010. “Polycentric Systems for Coping with Collective Action and Global Environmental
Change.” Global Environmental Change 20 (4): 550-7.

PatErsoN, MartHEW. 2019. “Using Negotiation Sites for Richer Collection of Network Data.” Global Envi-
ronmental Politics 19: 81-92.

PATTBERG, PHILIPP, ANDREAS OSCHLIES, MARIA ISAILOVIC, AND FLAVIA Dias GUERRA. 2014. Mapping and Measur-
ing Fragmentation in Global Governance Architectures: A Framework for Analysis. Amsterdam: Institute for
Environmental Studies.

PAUWELYN, JoosT. 2014. “At the Edge of Chaos? Foreign Investment Law as a Complex Adaptive System,
How It Emerged and How It Can Be Reformed.” ICSID Review 29: 372—418.

PEREZ, OREN, REUVEN COHEN, AND NIR SCHREIBER. 2018. “Governance through Global Networks and Corpo-
rate Signaling.” Regulation & Governance 5: 1-23.

PEREZ, OREN, AND OFIR STEGMANN. 2018. “Transnational Networked Constitutionalism.” Journal of Law and
Society 45: 135-62.

PevEHOUSE, JON, TiMOTHY NORDSTROM, AND KEVIN WARNKE. 2004. “The Correlates of War 2 International
Governmental Organizations Data Version 2.0.” Conflict Management and Peace Science 21 (2): 101-19.

PrEFFER, JURGEN. 2017. “Visualization of Political Networks.” In The Oxford Handbook of Political Networks,
Visualization of Political Networks, edited by Jennifer Nicoll Victor, Alexander H. Montgomery and
Mark Lubell, 277-300. Oxford: Oxford University Press.

PORTER, MASON A., JUKKA-PEKKA ONNELA, AND PETER J. Mucha. 2009. “Communities in Networks.” Notices of
the American Mathematical Society 56 (9): 1082-97.

RaustiALA, KaL, AND DaAvID G. Vicror. 2004. “The Regime Complex for Plant Genetic Resources.” Interna-
tional Organization 58 (2): 277-309.

Ravasz, ErRzsEBET, AND ALBERT-LAszLO BarapAst. 2003. “Hierarchical Organization in Complex Networks.”
Physical Review E 67 (2): 026112.

RoBINs, GARRY, P1p PaTTISON, YUVAL KaLIsH, AND DEAN LusHEer. 2007. “An Introduction to Exponential Ran-
dom Graph (p*) Models for Social Networks.” Social Networks 29: 173-91.

Runt, J. B., ANpD DanieL MarTIN Katz. 2015. “Measuring, Monitoring, and Managing Legal Complexity.”
lowa Law Review 101: 191-244.

Runr, J. B., DaNIEL MarTIN Katz, AND MICHAEL J. Bommariro, II. 2017. “Harnessing Legal Complexity.”
Science 355 (6332): 1377-78.

SaBaN, DaniELas, Fravia Bonomo, aND NicoLas E. Stier-Moses. 2010. “Analysis and Models of Bilateral In-
vestment Treaties Using a Social Networks Approach.” Physica A 389 (17): 3661-73.

Sanp, Peter H. 2007. “The Evolution of International Environmental Law.” In The Oxford Handbook of
International Environmental Law, edited by Daniel Bodansky, Jutta Brunnée and Ellen Hey, 29-43.
Oxford: Oxford University Press.

SANwAL, MUKUL. 2007. “Evolution of Global Environmental Governance and the United Nations.” Global
Environmental Politics 7 (3): 1-12.

Savama, HIROKI, IRENE PESTOV, JEFFREY SCHMIDT, BENJAMIN JAMES BusH, CHUN WONG, JuNICHI YAMANOI, AND THILO
Gross. 2013. “Modeling Complex Systems with Adaptive Networks.” Computers and Mathematics with
Applications 65 (10): 1645-64.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



930 Is Global Governance Fragmented?

SAYLES, JESSE S., AND Jacoro A. Baccro. 2017. “Social-Ecological Network Analysis of Scale Mismatches
in Estuary Watershed Restoration.” Proceedings of the National Academy of Sciences 114 (10): E1776-
85.

SCHEFFER, MARTEN, STEPHEN R. CARPENTER, TiMOTHY M. LENTON, JORDI BAscompTE, WiLLIAM BROCK, VASILIS
Dakos, AND JoHAN vaN DE KoppeL et al. 2012. “Anticipating Critical Transitions.” Science 338 (6105):
344-8.

ScHEMEIL, YVES. 2013. “Bringing International Organization In: Global Institutions as Adaptive Hybrids.”
Organization Studies 34 (2): 219-52.

ScoTT, JOHN, AND PETER J. CARRINGTON, eds. 2011. The SGAE Handbook of Social Network Analysis. London:
SAGE.

SEYLE, CONOR, AND ROBERTA SPIvAK. 2018. “Complexity Theory and Global Governance: Is More Different?”
Global Governance 24 (4): 491-5.

SHUMATE, MICHELLE, JANET FULK, AND PETER MONGE. 2005. “Predictors of the International HIV-AIDS INGO
Network over Time.” Human Communication Research 31 (4): 482-510.

Snypers, Tom A. B. 2005. “Models for Longitudinal Network Data.” In Models and Methods in Social Net-
work Analysis, edited by Peter J. Carrington, John Scott and Stanley Wasserman, 215-47. Cambridge:
Cambridge University Press.

SnypERs, Tom A. B., axp RoOEL J. Bosker. 2012. Multilevel Analysis: An Introduction to Basic and Advanced
Multilevel Modeling. London: SAGE.

SNyDERS, ToM A. B., ALESSANDRO LoM1, AND VANINA JasMINE Torro. 2013. “A Model for the Multiplex Dynam-
ics of Two-mode and One-mode Networks, with an Application to Employment Preference, Friend-
ship, and Advice.” Social Networks 35 (2): 265-76.

SOMMERER, THOMAS, AND JONAS TALLBERG. 2019. “Diffusion across International Organizations: Connectivity
and Convergence.” International Organization 73 (2): 399-433.

SopRANZETTI, Sivia. 2018. “Overlapping Free Trade Agreements and International Trade: A Network Ap-
proach.” The World Economy 41 (1): 1549-66.

StepHENS, TiM. 2006. “Multiple International Courts and the ‘Fragmentation’ of International Environ-
mental Law.” Australian Year Book of International Law 25: 227-71.

Tr1sMAN, GEERT, AND LassE Gerrits. 2014. “The Emergence of Complexity in the Art and Science of Gov-
ernance.” Complexity, Governance & Networks 1 (1): 17-28.

UIA. 2018. Yearbook of International Organizations 2017-2018. Brussels: Union of International Associa-
tions.

UNDERDAL, ARILD. 2010. “Complexity and Challenges of Long-Term Environmental Governance.” Global
Environmental Change 20 (3): 386-93.

UNDERDAL, ARILD, AND ORAN R. YOUNG, eds. 2004. Regime Consequences: Methodological Challenges and Research
Strategies. Dordrecht, Netherlands: Springer.

UNEP. 2012. 21 Issues for the 21st Century: Results of the UNEP Foresight Process on Emerging Environmental
Issues. Nairobi: United Nations Environment Programme.

Uzz1, BRIAN, AND JARRETT SpIRO. 2005. “Collaboration and Creativity: The Small World Problem.” American
Journal of Sociology 111 (2): 447-504.

VALENTE, THOMAS W. 2012. “Network Interventions.” Science 337 (6090): 49-53.

VAN Asskrt, HarrO. 2014. The Fragmentation of Global Climate Governance: Consequences and Management of
Regime Interactions. Cheltenham, UK: Edward Elgar.

VAN AssELT, HARRO, AND Farisorz ZeLLL 2014. “Connect the Dots: Managing the Fragmentation of Global
Climate Governance.” Environmental Economics and Policy Studies 16 (2): 137-55.

vON MorTkE, KoNrap. 2006. “On Clustering International Environmental Agreements.” In Multilevel Gov-
ernance of Global Environmental Change: Perspectives from Science, Sociology and the Law, edited by Gerd
Winter, 409-29. Cambridge: Cambridge University Press.

'WASSERMAN, STANLEY, AND KATHERINE Faust. 1994. Social Network Analysis: Methods and Applications. Cam-
bridge: Cambridge University Press.

Warts, Duncan J. 2004. “The ‘New’ Science of Networks.” Annual Review of Sociology 30 (1): 243-70.

WarTs, DUNCAN J. 2007. “A Twenty-First Century Science.” Nature 445 (7127): 489.

Warts, DuNcan J., AND STEVEN H. STROGATZ. 1998. “Collective Dynamics of ‘Small-World’ Networks.” Nature
393 (6684): 440-2.

WEAVER, WARREN. 1948. “Science and Complexity.” American Scientist 36 (4): 536—44.

WIDERBERG, OscAr. 2016. “Mapping Institutional Complexity in the Anthropocene: A Network Approach.”
In Environmental Politics and Governance in the Anthropocene: Institutions and Legitimacy in a Complex World,
edited by Philipp Pattberg and Fariborz Zelli, 81-102. London: Routledge.

WiLsoN, Mava, Davip R. Davis, AND AMaNDA MURDIE. 2016. “The View from the Bottom: Networks of Conflict
Resolution Organizations and International Peace.” Journal of Peace Research 53 (3): 442-58.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



RaknyuN E. Kim 931

WorLrruM, RUDIGER, AND NELE Matz. 2003. Conflicts in International Environmental Law. Berlin: Springer.

Y1, HoNGTAO, AND JOonN T. Schorz. 2016. “Policy Networks in Complex Governance Subsystems: Observing
and Comparing Hyperlink, Media, and Partnership Networks.” Policy Studies Journal 44 (3): 248-79.

YOUNG, MARGARET A. 2012. Regime Interaction in International Law: Facing Fragmentation. Cambridge: Cam-
bridge University Press.

Youne, Oran R. 1982. “Regime Dynamics: The Rise and Fall of International Regimes.” International
Organization 36 (2): 277-97.

. 1996. “Institutional Linkages in International Society: Polar Perspectives.” Global Governance 2

(1): 1-23.

. ed. 1999. The Effectiveness of International Environmental Regimes: Causal Connections and Behavioral

Mechanisms. Cambridge, MA: The MIT Press.

. 2002. The Institutional Dimensions of Environmental Change: Fit, Interplay, and Scale. Cambridge, MA:

The MIT Press.

. 2010. Institutional Dynamics: Emergent Patterns in International Environmental Governance. Cam-

bridge, MA: The MIT Press.

. 2011. “Effectiveness of International Environmental Regimes: Existing Knowledge, Cutting-Edge

Themes, and Research Strategies.” Proceedings of the National Academy of Sciences 108 (50): 19853-60.

. 2017. Governing Complex Systems: Social Capital for the Anthropocene. Cambridge, MA: The MIT Press.

YOuNnG, OraN R., FRaNs BERKHOUT, C. GALLOPIN GILBERTO, MARCO A.. JANSSEN, ELINOR OSTROM, AND SANDER VAN
pERLEEUW. 2006. “The Globalization of Socio-ecological Systems: An Agenda for Scientific Research.”
Global Environmental Change 16 (3): 304-16.

ZrLL1, FariBorz. 2011. “The Fragmentation of the Global Climate Governance Architecture.” Wiley Inter-
disciplinary Reviews: Climate Change 2 (2): 255-70.

Z¥LLI, FARIBORZ, AND HARRO VAN Asserr. 2013. “The Institutional Fragmentation of Global Environmental
Governance: Causes, Consequences, and Responses.” Global Environmental Politics 13 (3): 1-13.

ZeLL1, FARIBORZ, INA MOLLER, AND HARRO VAN AsseLT. 2017. “Institutional Complexity and Private Authority
in Global Climate Governance: The Cases of Climate Engineering, REDD+ and Shortlived Climate
Pollutants.” Environmental Politics 26 (4): 669-93.

ZURN, MICHAEL, AND BENJAMIN FAUDE. 2013. “On Fragmentation, Differentiation, and Coordination.” Global
Environmental Politics 13 (3): 119-30.

220z 1snBny 9|, uo Jesn sonsnp Jo Juswpedsq “S'N A 6vS L LSS/E06/7/22/AI0IME/ISY W0 dNO oIWapeoe)/:Sdjy Wolj popeojumoq



