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Abstract

Water has been the source of life since it was found. In recent years, the false assurance
of the permanence of water services in Iran has led to the creation of institutional struc-
tures related to water in an inappropriate and incompatible manner with environmental
changes, and when water crises occur, such as droughts, floods, and, on a larger scale, cli-
mate changes, they do not have the flexibility and resilience to these changes. To this end,
recognizing the current water governance system in the country is considered an essential
need. The present study examines the regime of water governance and its structural charac-
teristics in the Kor River basin, which is one of the areas facing water shortage challenges.
In order to analyze these characteristics and determine the regime of the water governance
system, the method of social network analysis (SNA) was used in the network of formal
and informal institutions of Kherameh county downstream of the Kor River basin. This
research has been done in a period of 9 months and includes designing questionnaires,
field visits, completing questionnaires and analyzing the results. The results showed that
the water governance network in this region has an unstable and weak structure and as a
result, the level of cooperation and coordination between the institutions is low and the
level of power centralization is high. As a result, the governing regime is centralized, and
therefore, the establishment of a polycentric governance system requires the improvement
of horizontal relations between formal and informal institutions and protection and devel-
opment institutions.
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1 Introduction

Climate change and the increase in acute weather events, which have far-reaching impacts
on human populations, economic assets, and physical infrastructure, have demonstrated the
vulnerabilities of current water management and governance systems (Navarro-Navarro
et al., 2017). Experts examining human-environmental interactions have emphasized the
need for fundamental changes in paradigms and the replacement of machine-building and
piracy strategies, as these types of strategies have failed by ignoring the complexity and
dimension of human response to recent challenges (Gleick, 2003; Holling & Meffe, 1996;
Pahl-wostl, 2007, 2015).

Pahl-wostl’s (2015) research on the conceptual frameworks of complex adaptive sys-
tems analysis is lacking in the social sciences, and most governing assessments offer static
descriptions and focus on a few key processes (for example, they focus on institutions).
Young (2008) also found the knowledge of the nature of transition in socio-ecological sys-
tems’ institutional dimensions to be fairly new and incomplete.

Water ecosystem services are offered in the research and assessment of water-related
services because human survival is largely dependent on ecosystem biodiversity and integ-
rity. Hundreds of millions of people in downstream watersheds and wetlands have been
impacted by biodiversity in the areas of water, food, livelihood, welfare, and energy supply,
all of which are ecosystem services that are directly tied to ecological functions. Humans
rely on biodiversity conservation and the "judicious use of wetlands" (Ramsar Convention
Secretariat, 2010, 2013).

The watershed, as a natural ecosystem that is like a container of water resources, espe-
cially rivers and wetlands, is made up of components that interact with each other. The
human component is an integral and influential part of this ecosystem (Bodin & Prell,
2011). To this end, one of the most important ways to preserve these valuable resources is
to manage them based on the participation of local stakeholders. Successful management
of natural areas of water resources requires planning in which human role is considered as
the most important factor influencing natural areas, and the views of stakeholders in natural
areas are considered in management decisions (Huxham, 2005; Rouillard, 2014).

Self-governance is excessively complicated due to the diversity of individuals and pro-
cesses at various levels. If we add management to it, another hidden layer of complex-
ity will be added. Water management will be inadequate despite complicated regulatory
frameworks owing to a lack of water managers’ expertise or a lack of financial resources to
invest in certain technology (Pahl-wostl, 2018). Governance enacts laws that govern man-
agement. In today’s and new interpretations of governance, we consider the complete com-
plexity of legal processes and their interaction (Pahl-Wostl, 2018).

The ruling regime is a set of interdependent institutions that are introduced as the main
feature of the governing system (Pahl-Wostl, 2009). The institution is defined here as the
rules that control actors’ conduct (Scott, 2008), and the formality and informality of these
norms are tied to the nature of the planning, programming, communications, and imple-
mentation processes (Pahl-wostl, 2015).

If formal institutions succeed and the goal of institutional arrangements is the same and
consistent, the two forms of governmental structures complement each other. For example,
informal community-based initiatives for nature conservation strengthen the application of
formal rules for river revitalization.

The goal of many participatory methods in general policy development is to establish
such a rise. The effectiveness and profitability of governance systems improve because of
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this. If formal institutions fail and political institutions pursue opposite goals, both kinds
of governance may be forced to compete with one another. Formal legislation controlling
the distribution of scarce water resources, for example, can be substituted by allocation
systems based on informal structures of power and cultural networks. The governance
mechanisms’ efficacy and performance are hampered as a result. The high levels of non-
transparent decision-making procedures, corruption, and power dominance are likely con-
nected to this kind of government (Pahl-Wostl & Knieper, 2014). This is common in many
poor nations, where strong environmental rules exist but are seldom enforced in practice.
These distinctions need to be understood so that we can better acknowledge the nature of
governance failures, opportunities, and obstacles to reform the governance, and the role of
informal institutions in these processes (Pahl-Wostl, 2015).

According to Pahl-Wostl and Knieper’s (2014) study on water governance regime cat-
egorization, they are divided into four groups depending on the level of partnership and
coordination, as well as political reform (Pahl-Wostl, 2015): polycentric, fragmented,
centralized, and organized and centralized rent-seeking regimes. The effective collabora-
tion across many centers and across different geographical levels reflects the allocation of
authority and power in polycentric regimes. Polycentric systems have a single structure
that improves resilience and the capacity to absorb shocks and disturbances. Organized
decision-making centers with a certain level of independence will aid in experimentation
and learning. As a result, polycentric regimes are seen to function well, particularly in
terms of adaptability and reaction to new issues such as climate change (Ostrom, 2001 and
2010; Folke et al., 2005; Pahl-wostl, 2009; Pahl-wostl et al., 2012).

Centralized regimes operate under a hierarchical system of government. At the national
level, a dominating state actor has all the power and authority. Centralized governments
lack accountability and flexibility in terms of a decentralized, coherent structure, even
though top-down control is in place. Higher flexibility argumentation has been the main
argument and confirmation of the decentralization of management functions (Hooghe &
Marks, 2003). There is a distinction between coordinating centralized regimes and central-
ized rent-seeking regimes in terms of coordination. The feature of centralized, uncoordi-
nated regimes is their rent-seeking. Rent-seeking conduct makes it difficult to communi-
cate effectively, and a lack of collaboration encourages rent-seeking behavior. Rent-seeking
refers to when government and bureaucracy personnel abuse their authority and position in
the hierarchy to get more advantages (Tullock, 2008).

The governing class under centralized rent-seeking regimes has little motivation to
address new concerns, and the ability for adaptation is thought to be poor. During the deci-
sion-making process in centrally coordinating regimes, lower-level players are consulted.
However, subordinate centers have little self-control and mostly implement high-level
decisions. This reduces the capacity to deal with the complex and contradictory issues of
governance and to consider regional contextual conditions. It will be concluded that cen-
tralized regimes as a whole have less adaptive capacity and are less able to meet new chal-
lenges than polycentric regimes (Pahl-Wostl, 2015).

Kellner et al. (2019) examined the ability of a polycentric governing regime to adapt
to regime change in water resources under the conditions of climate change in Oberha-
sli, Switzerland, using a semi-structured interview method, document analysis, and moni-
toring of water institution participation. The past has been increasingly inconsistent, but
the evolution of polycentric governance processes has compensated for the inconsistency
in the regime. Polycentric governance improves water use coordination if there is mutual
compatibility, trust, and activation of general rules between actors with similar and oppo-
site interests. They also concluded that the inconsistency of institutional regimes may be
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an important obstacle to adapting to climate change, but that polycentric governance pro-
cesses can reduce the challenges posed by regime inconsistency.

Morrison et al. (2019) in a study on the black box of power in the polycentric govern-
ance regime of the environment examined the formation of various types of power and the
implementation of policies in the polycentric governance regime and concluded that this
regime includes many power centers. They work together to achieve a common goal.

Pittman and Armitage (2019) examined the network governance style in the Lesser
Antilles archipelago in the Caribbean Sea and found that the governance style in the region
is shifting in a networked manner. Their results also showed that participation in projects
has been a factor in initiating this transition. In addition, successful network governance
transfer requires two essential factors: (1) facilitating the leadership of central actors and
the main guiding group to manage the network and (2) finding solutions to fit the hidden
capacity of local communities and informal institutions in governance networks.

Aartsen et al. (2018) and Urbinatti et al. (2020) in their study of systematic assessment
of water governance in Ahmadabad, India, used a comprehensive assessment of integrated
water resources management and then examined water pollution challenges and reduced
groundwater levels in the face of population growth and urbanization in this city. Then,
by assessing the capacity of water governance, they concluded that the governance system
needs to improve the situation regarding the principle of learning and participation of local
stakeholders and informal institutions, and regime change in combination with governance
methods has been proposed with increasing network governance.

Hegger et al. (2017) and Kapetas et al. (2019) examined the role of stakeholders in
adapting to climate change in the Netherlands, as well as their role at strategic levels, mar-
ket and networking, in relation to environmental governance in the face of floods, sewage,
and temperature changes. They found that the role of local residents in adapting to climate
change was important, and addressing all three types of governance (Metagovernance)
could increase the legitimacy, awareness, and ability of communities to innovate and adapt
to environmental changes.

According to Payste et al. (2020), uncertainty over the selection of high governance
standards, particularly in the field of natural resources, is becoming a significant worry for
researchers. The fundamental reason for this problem is that natural resources have both
natural and social components. In fact, in the sphere of natural resources, the disparity
between these two aspects exacerbates the lack of integration, stakeholder disaffiliation,
and management holism. Recognizing, implementing, and assessing effective governance
indicators will, without a doubt, enhance natural resource management. Conflicts regarding
natural resources are rising, according to Jannatichenar et al. (2020), due to the shortage or
constraint of natural resources and rising demands for growing populations. As a conse-
quence, to resolve disagreements, a conflict resolution strategy and advanced negotiating
tactics are required.

Kolahi et al. (2013) found that the need to analyze the efficacy of management in pro-
tected areas is growing across the world in enhancing monitoring and evaluation of gov-
ernance. The most important factors were legal status, resource inventory, land and water
use planning, regulations, and objectives, while the least important factors were awareness
and education, society co-management, regular work strategy, bounding demarcation, visi-
tor facilities, funding sources, training of staff, safety systems, and management plans. As
a result, various remedies should be implemented, such as increased financing, improved
building capacity, management, organizational management and community engagement.
Furthermore, Kolahi et al. (2012) argued that in order for Iran’s management system to
develop, policies and planning tools must be realistically supported. Furthermore, active
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management must be implemented to restore habitat, promote education and awareness,
shift behaviors toward international organization principles, create capacity, and increase
operational efficiency and co-management by local populations. In the field of water
resources management, especially in areas that have water scarcity due to mismanagement
in recent years, one of the most important solutions can be to pay attention to the existing
social capital in the region along with the management of official institutions. On the one
hand, the analysis focuses on the present level of knowledge on the elements that influence
the effectiveness of water governance systems. On the other hand, it places a heavy focus
on conversion and changing processes in water governance, which is seen as a fundamental
obstacle in achieving more sustainable water governance and management. Since this lake
is one of the most important aquatic habitats and is the second largest inland lake in Iran,
it is extremely important for the livelihood of the people of the region, especially farmers.
However, in recent years, it has undergone climate change and is heading toward drought.
Therefore, the main goal of this study is to investigate the current status of water resources
in the watershed of Tashk—Bakhtegan Lake using the method of social network analysis
(SNA). For this purpose, the following hypotheses have been defined:

H1 Is there a positive and significant relationship between the governance of water
resources and official institutions?

H2 Is there a positive and significant relationship between the governance of water
resources and informal institutions?

H3 Will changing the water governance system by considering the capacities of non-gov-
ernmental organizations and creating a governance structure have a positive and significant
effect on the water management situation in the study area?

2 Methods
2.1 Study area

Tashk and Bakhtegan International Wetlands are located in the west of Neyriz city and
south of Arsanjan city in Fars Province (Fig. 1). The geographical position is from 53°
24' 9" to 54° 12' 30" east longitude and from 29" 13' 35" to 29" 55' 9" north latitude. These
wetlands are among the most important habitats in Fars Province and are the second largest
inland lakes in terms of area and are classified as national parks according to the country’s
domestic laws. According to the Ramsar Convention, it is part of the saltwater lakes (Ram-
sar Convention Secretariat, 2016).

The most important source of water supply for these lakes is the Kor River, which
originates 300 km north of Fars Province and the Zagros Mountains in Eghlid county
and after passing through the counties of Eghlid, Marvdasht, and Kherameh, it flows into
these lakes. Along this river, there are two dams of MullaSadra and Doroudzan. The water
stored in these two dams is used for urban consumption in Shiraz and Marvdasht cities.
The second priority, if the annual rainfall is sufficient and after the release of dam water,
has been agricultural consumption and high water requirements (such as rice) in these cit-
ies in recent years. Finally, if all these needs are met, the environmental rights of Tashk and
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Fig. 1 Location of the study site in Iran

Bakhtegan Lakes will be provided. However, in recent years, due to severe droughts, this
need has not been met (Sajedipour et al., 2017).

The downstream watershed of the Doroudzan Dam alone includes the political borders
of Marvdasht and Kherameh counties. Therefore, water management in this area is divided
between formal (governmental agencies) and informal organizations (farmers, local com-
munities, and non-governmental organizations) (Moghimi Benhangi et al., 2018). As a
result, the complexity of managing common water resources arises from the challenge of
political boundaries and water governance (Pahl-Wostl, 2015).

In this study, the downstream of the Kor River basin is determined by combining
the political boundary of Kherameh county and the hydrological boundary of the basin
area, and the organizational network (including governmental organizations and non-
governmental organizations related to water) is studied without considering the local
communities.

2.2 Identify water-related institutions

In order to identify and determine water-related institutions in Kherameh county, the snow-
ball sampling method was used. Based on this, they were first identified by referring to the
basic water management institutions in the county, including Water Resources Department,
Agricultural Jihad Management and Governorate, groups, and other water-related institu-
tions. Then, by referring to the mentioned institutions, 21 governmental organizations (for-
mal institutions) and 2 non-governmental organizations (informal institutions) related to
water were identified (Table 1).

2.3 Determining the water governance regime
In order to determine the regime of water governance, it is necessary to determine the sta-

tus of the two categories of cooperation and coordination and the level of power distribu-
tion among activists, so the method of social network analysis was used to achieve this
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important goal. For this purpose, water institutional relations network in Kherameh county
has been extracted using the social network analysis questionnaire, and then, two indicators
of network density and centralization based on a two-dimensional framework of water gov-
ernance regimes have been used (Pahl-Wostl, 2015).

2.4 Social network analysis method

Today, one of the important tools for studying, analyzing, and modeling the structures of
the governance system among water-related institutions is the method of social network
analysis. The social network analysis method is able to visualize social relations and eco-
nomic exchanges between individuals in the form of a visual network structure based on
quantitative criteria and indicators (Afkhami et al., 2021; Bodin & Prell, 2011; Ghorbani &
Azadi, 2021). In order to analyze the network of water institution relations and determine
the regime of water governance in the study area, the indicators of the macro-level of the
network, including density and centralization, were used. Furthermore, the indices of tran-
sitivity, reciprocity, average distance, E-I, and core—periphery index were calculated for
the structural analysis of the institutional network (Ghorbani et al., 2021; Moghfeli et al.,
2021) (Table 2). To calculate these indicators, the UCINET software version 6 was used.

3 Results

Based on the mentioned results, due to the location of the Kor River basin (downstream of
Doroudzan Dam) within the political borders of Marvdasht and Kherameh counties, spe-
cialized water management in development, operation, and protection has been provided
for various institutions and no coordination exists between these institutions. This study
only looked at horizontal relationships between formal and informal water-related insti-
tutions and did not consider public relations between government agencies and the local
community (indigenous exploiters). So, this study focused on recognizing horizontal rela-
tionships between formal and informal water-related institutions in the area. In Kherameh
county, we can identify the regime of water governance and the assessment of the current
state of water governance in this region (see Pahl-Wostl, 2015).

Water management in the Kor River basin can be seen according to Table (1) and the
role of each water-related institution. As 15 institutions have a developmental role in water
usage, 5 institutions have a protective role in water regeneration, and 2 institutions have an
intermediary role between developmental and protection institutions. On the other hand,
the identified water management-related institutions in the study area have direct and indi-
rect roles, while indirect roles are more than direct roles.

As a result, after completing the social network analysis questionnaire and determining
water-related relationships among the identified institutions in Kherameh city, the macro-
level indicators of the network were calculated (Appendix 3). The results show that the
density of the water-related institution’s network in the study area is 48% which indicates a
low level of cooperation and coordination in the management of sectarian management in
the study area. Furthermore, the rate of the reciprocity index is 46.11 percent and indicates
the low level of mutual relations and cooperation between actors present in the network
and weakens the stability of the network.

The network centralization index, with a rate of 54.34 percent, indicates a relatively
high concentration of power in the hands of certain institutions. The transitivity index, with
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a value of 32.76 percent, indicates the instability of relations between water actors in the
study area. Finally, the index of average geodesic distance with 1.52 has a relatively high
rate, and as a result, the speed of circulation and distribution of information among actors
is low, so more time and money will be spent to coordinate network actors to implement
integrated management.

Figure (2) shows the geometric position of the actors, water management institutions,
and the water governance network in general in the study area based on the micro-level
indicators of the social network, including the degree of centrality and the efficiency size
(Effsize). Accordingly, key institutions with more power and influence in water manage-
ment have a greater degree of centrality and Effsize, and accordingly, the Go-Kh institution
has the most power, and in general, development institutions have significant power and
influence over conservation institutions.

According to the E-I index, among developmental, intermediate, and protective sub-
groups (Appendix 4), conservation institutions have more extraterrestrial relationships
and, as a result, have a positive index number. Intermediary institutions also have a posi-
tive index number due to their intermediate role, but more developmental institutions
have intergroup relations and have a negative E-I index number. The results of this index
are shown in Fig. (3). On the other hand, the density of relations between the three sub-
groups of developmental, intermediary, and conservation institutions in Appendix 5 indi-
cates the low level of cooperation and coordination between development and conservation
institutions.

The core—periphery index in the network also identifies the relationships between water-
related institutions in the study area and central and peripheral institutions in this network
and represents the central and effective institutions in water governance (Appendix 6). Fur-
thermore, the rate of density among central and peripheral institutions indicates the high
rate of density in the relations of peripheral institutions to central institutions and vice
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Fig.2 The geometric graph of actors in the institutional network (shape size: degree centrality, circle:
developmental institutions, triangle: intermediate institutions, square: conservation institutions, red: actors
with the most Effsize in the network)
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versa, as well as the rate of low density in the relations of central institutions with respect
to peripheral institutions (Appendix 7).

Finally, in order to determine the water governance regime in the study area, using two
indicators of network density and network centralization (Fig. 4), the water governance
regime in Kherameh county is a centralized regime and shows a low level of cooperation
and coordination. Furthermore, a high level of centralization of power is in the hands of
one or more specific institutions.

4 Discussion and conclusion

The current scenario in this water basin is one of merging crises in both water system qual-
ity and governance mechanism performance. The necessity for quick and fundamental
reform of governance structures and instruments becomes more critical as crises become
more complicated and catastrophic. The following points describe the present governance
perspective based on the evaluation in the sections above:

Donor-driven drainage basin administration continues to be heavily reliant on donor
financing. Some would be unlikely to continue if they did not receive such aid. As a conse-
quence, governmental choices and programs, including privatization, tend to follow donor
preferences. However, rather than being proactive, governance continued to be primarily
bilateral and reactive. Treaties and other types of agreements have been shown to be use-
ful in creating political norms for obtaining a peaceful resolution of water problems when
all parties obey them. International organizations will likely continue to play a key role
as third-party mediators in the implementation of these water management agreements.
Enhancing water relations and continuous process require better information collecting,
analysis, sharing, and openness. Positive improvements have been most obvious in this area
of water governance in recent years, while they are still quite unequal across this region.

Fig.4 Determining water 100
governance regime in Kherameh
PP Centralized .
institutional network Coordinated Polycentric ~
S
& 50 2
Z
=
j
Centralized A
Rent-seeking Fragmented
0
100 50 0

Centralization (%)

@ Springer



Structural characteristics of governmental and... 7041

The creation of channels for timely processing and exchange of information from upstream
to downstream nations is particularly important.

This study used the social network analysis method as well as the macro-level indicators
of the network including density and centralization index. Using these approaches, the type
of water governance regime in Kherameh county and the downstream area of the Kor River
basin, centralized water governance regime, has been identified, demonstrating a low and
unacceptable level of cooperation and coordination. Thus, the high power centralization is
at the disposal of governmental agencies regarding water decision-making (see Navarro-
Navarro et al., 2017).

On the other hand, the social network analysis method shows the ability to recognize
the structural characteristics of water governance network in the study area, so according
to the reciprocity index, the relationship between formal and informal institutions related
to water management in the study area is inappropriate, which indicates instability and
incompatibility in the water governance system in this region. The transitivity index also
slightly evaluated the interrelationships between the three water management actors, which
show the low level of social capital in the institutional network of water governance and
the strength and institutionalization of executive protocols related to water management in
a low and unsatisfactory situation. In this regard, the average geodesic distance index also
confirms this important finding and indicates the low rate of data transfer speed and lack of
sufficient coordination to implement water-related laws and the inability of laws to restore
water status in this area.

Recognition of the fundamental role of formal and informal institutions in relation to
water; their division into developmental, intermediary, and protective institutions; and the
use of the E-I index in the network of the water governance system in this region show the
greater focus of development institutions on inter-group relations and their unilateralism.
Conservation institutions also have more bridging relationships, but due to the relatively
low density (65%) among conservation institutions, these bridge relationships have not
been able to provide direction in order to provide protection protocols for the water govern-
ance system in the study area.

The use of micro-level social network analysis indicators in identifying key institutions
in the study area’s water governance network can be considered to better understand this
network, optimize the association with both formal and informal institutions related to
water, and effectively improve the structural features of the social network water govern-
ance (see Pahl-Wostl et al., 2013).

In this paper, by examining the structural characteristics of the social network and the
relationship between formal and informal institutions in water management downstream of
the Kor River basin, located in the political border of Kherameh county, we examined the
water governance system in this area. The structural characteristics of the institutional net-
work can be analyzed by quantitative evaluation of the characteristics of the social network
analysis method. Furthermore, in order to determine the water governance regime, the
level of cooperation and coordination, as well as the amount of distribution or concentra-
tion of power among water-related institutions (Pahl-Wostl, 2015), can be calculated using
the social network analysis method and density and centralization indicators.

The results of this study showed that the water governance regime downstream of the
Kor River basin is the centralized rent-seeking regime, which indicates a low level of coop-
eration and coordination and a high concentration of power among water-related institu-
tions (Pahl-Wostl, 2018; Pahl-Wostl & Knieper, 2014). The participation of stakeholders in
water management, policy, and decision-making has not taken place, and, as a result, the
situation of the water governance system is in an unfavorable situation.
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The social network analysis method has a good ability to recognize the water govern-
ance regime, and as a result, this method can be used to analyze, optimize, and make
appropriate decisions in policymaking and improving administrative relations and water
governance. In order to optimize the water governance regime in order to improve the
water governance system and achieve the polycentric water governance regime, we need
to increase the level of cooperation, coordination, and distribution of decision-making
power regarding water among formal and informal institutions (Pahl-Wostl, 2009; Scott,
2008). As a result of the improvement of bilateral relations between official institutions
and the increase of protectionist relations with development institutions, achieving a
polycentric water governance regime will be possible.

4.1 Policy implications

Planning (the creation of planning and management plans and policies in governance
and non-governance networks) is an essential and frequently necessary tool for support-
ing and improving management. This planning allows us to (1) identify the current level
of water resources, as well as concerns and expectations about their usage, establish
visions, define goals and targets, and therefore guide operational management; (2) guide
operational management by defining visions, objectives, and priorities; (3) organize pol-
icy-relevant analysis and citizen engagement in a system; and (4) increase the authority,
public approval, and even support for how resources would be distributed or managed,
especially during periods of stress. In addition, managers and partners in governance
and non-governance networks will be able to collaborate, negotiate, and coordinate
more easily, and a management strategy or agenda will serve as a shared point of refer-
ence. Many of the challenges and problems that water supply planners and managers
are dealing with today are close to those that planners and managers encountered in the
past. The majority of the recent ones are the products of two trends: (a) increased aware-
ness of the necessity for a bottom-up "grassroots" participation approach to politics and
non-governance planning, management, and decision-making and (b) an increasing con-
cern for the protection of natural environments. Overall, it can be argued that the net-
work of governmental and non-governmental institutions: to control water supplies in
the Kor Basin increases productivity and can be used effectively. One of the main condi-
tions for its implementation is public acceptance and social concern in natural resource
conservation.

Appendix

See appendix Tables 3, 4, 5, 6, 7.

Table 3 Results of macro-level indicators in Kherameh institutions network

Average geodesic distance  Transitivity — Centralization — Reciprocity = Density =~ Kherameh

1.52 32.76 54.34 46.11 48 Institutions network
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Table 4 E-I index results

Table 5 Density index matrix
at the level of institutional
subgroups

Table 6 List of core and
peripheral institutions

Table 7 Density matrix in core—
periphery blocks.

E-1 Institution E-1 Institution
0.905 Ba-Kh —0.231 Mw-Kh
0.889 Cvj-Kh 0.765 Wr-Kh
-0.333 Po-Kh 0.529 Nr-Kh
—0.467 Ju-Kh —0.444 Ma-Kh
—0.636 Me-Kh - 0412 Kb-Kh
-0.5 0Od-Kh 0.529 Ep-Kh
—0.538 Gv-Kh —0.556 Ch-Kh
0.25 De-Kh -0.6 Gw-Kh
—0.067 Ir-Kh -0.5 Re-Kh
0.25 HDngo-Kh —0.364 Go-Kh
0.333 EKngo-Kh —0.375 Im-Kh

- 0412 Mr-Kh
Intermediate Protect Development Institution
65.6 48.8 47.1 Development
80 65 33.8 Protect
100 80 37.5 Intermediate
Periphery Core
Mw-Kh Wr-Kh
Kb-Kh Nr-Kh
Ch-Kh Ma-Kh
Gw-Kh Ep-Kh
Re-Kh Go-Kh
Mr-Kh Im-Kh
Me-Kh Ba-Kh
0Od-Kh Cvj-Kh
Gv-Kh Po-Kh
De-Kh Ju-Kh
Ir-Kh
HDngo-Kh
EKngo-Kh
Periphery Core Kherameh
30.8 83.3 Core
314 60.8 Periphery
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