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ABSTRACT. The purpose of this study was to investigate social network analysis (SNA) indicators of actors among exploiters, members of local water user
associations (WUA), and their boards of directors in Ilam Province, Iran. The network analysis method and Ucinet6 software were used to examine the information
exchange network and the network of participation among the members of the WUAs across the province. The actors of the local WUAs in the study area
included the Water Supply Organization, the Agri-Bank, the Agricultural and Natural Resources Management Organization, the Agriculture Organization,
the Department of Cooperatives, Labor and Social Welfare, the Provincial Government, the Village Council and Rural Municipalities, the Agricultural Insurance
Fund, and the Regional Water Company of the province. Among the experts, one was selected from each organization or administration via the purposeful
sampling method. A questionnaire containing 20 items with a Likert-type scale was designed for data collection, and the actors active in the field of local WUAs
were asked to determine the information exchange rate and the participation of their organization/administration with other organizations/administrations.
In addition, the relationship between the active actors and local WUAs was examined from the perspective of the actors in the province. The results
of the analysis of the density index at the whole level of the information exchange network and the participation network showed that the density of the links
to exchange information and participate in the network of actors was low across the provincial WUAs. In total, according to network density indicators, network
size, centrality (concentration) of the entire network, and the social cohesion of the information exchange network and the network of participation were

ranked to be weak to moderate.
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1. INTRODUCTION
Water is an important factor in agriculture
and plays a decisive role in economic growth
and development. Water scarcity is a growing
concern in most developing countries, calling
for more advanced patterns of water consump-
tion and sound irrigation policies (Hadizadeh
et al. 2018; Valizadeh et al. 2019). According
to the National Drought and Crisis Manage-
ment Agency of Iran’s Meteorological Organiza-
tion (2016), Iran has been suffering from mild
drought for the last 5 years, and the last wet year
of the country occurred at around 2006-2007.
Considering that about 70 percent of the global
water resources are consumed by agricultural
activities, the actors of this economic sector
must develop and adopt mechanisms for bal-
anced and optimal water consumption (Amin-
ian 2009). Thus, given the water resource cri-
sis and the management crisis that have been
plaguing many of the provinces and watersheds
of the country in recent years, participatory
management and stakeholder participation
in planning and decision making can facilitate
and accelerate the achievement of sustainability
in water resource management while increasing
confidence in success.

Ilam province is currently suffering from
a lack of water resources (Regional Water Com-
pany of Ilam Province 2016). In addition to se-
vere water scarcity, the enforcement of a subsidy
reform, the increase in water and energy costs,
and the imminent implementation of fair water
distribution, which will not be efficient under
the status quo of agricultural water use in the re-
gion, will increase production costs and decrease
income, thereby further complicating the agri-
cultural problems of the region. A reasonable
solution for these problems is the adoption
of participatory management of agricultural
water use and the improvement of irrigation
efficiency (Nejadrezaei et al. 2018). However,
to implement water resources management,
it is necessary to consider important social com-
ponents and influential indicators. Social capital
is one of the important factors in the relation-
ship among stakeholders, which is investigated
on the basis of network analysis methodology
prior to the implementation of participatory
water resources management and any water-re-
lated projects based on the participation of local
communities, leading to a deeper understand-
ing of the challenges and opportunities faced
by managers and planners. In general, social
capital has a positive effect on the interaction
of participants in a social network (Kim, Hastak
2018).
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Social network analysis (SNA) focuses
on the structure of ties within a set of social
actors, e.g., persons, groups, organizations,
and nations, or the products of human activity
or cognition such as web sites, semantic con-
cepts, and so on (Carrington et al. 2005; Tu-
lin et al. 2018). It was developed in the 1930s
to investigate the link between local patterns
of human relationships and social processes,
such as the impact of social groups on the likeli-
hood of being obese (Farine, Whitchead 2015).
The aim of social network analysis is to under-
stand a community by mapping the relation-
ships that connect its members as a network
and then trying to draw out key individuals,
groups within the network (‘components),
and/or associations between individuals (Bodin,
Crona 2009). This approach will generate dia-
grams that will show the relationships between
individuals, contained in data.

Since the late 1980s, the tendency to trans-
fer water resource management and irrigation
networks from the public sector to water user
associations (WUAs) has been enhancing in-
creasingly with the use of exploiter participa-
tion, as this is the case in many water-scarce
countries as the national determination
and politics (Sajasi et al. 2014). In fact, compa-
nies such as local WUAs have been established
to operate and maintain water management
networks, with the main objective of optimiz-
ing water resources management for sustainable
development (Mirzai et al. 2011). These com-
panies use human, physical and natural capital
in the framework of participatory management
for sustainable development. Therefore, WUAs
represent the first form of a participatory man-
agement approach adopted by the water man-
agement sector (Hassabou, El-Gafy 2007).

Various studies have examined WUAs in Iran
and other countries, approaching the subject
matter from different dimensions. For exam-
ple, a study conducted by Sabouri et al. (2014)
showed that member farmers had higher par-
ticipation in social activities than non-member
farmers, along with a larger network of social
relationships, higher social trust, and strong so-
cial cohesion, benefitting from further activities
and promotional programs. In this regard, Salari
etal. (2015) assessed the social capital of the local
stakeholder network of water in the customary
system of Resin Village with respect to local wa-
ter management. Their results emphasize the use
of the SNA method in local water management,
and the authors noted that the use of this meth-
od and the measurement of social capital would

contribute to improving participatory water

management to maintain and develop water
resources. This is mainly because poor social
capital and the lack of unity among individuals
would impair trust and participation, and con-
sequently, good governance would challenge
water resources. Ebrahimi et al. (2014) analyzed
a social network of stakeholders in the Water
Management Action Plan for Water Resources
in Jajroud River and concluded that strengthen-
ing social cohesion and social capital among lo-
cal stakeholders was a requirement for the Wa-
ter Resources Participatory Water Management
Action Plan to achieve water sustainability
and security. Other researchers, e.g., Facon
(2002) and Kadirbeyoglu and Ozertan (2011),
mentioned the lack of social capital as a rea-
son for the failure of irrigation management
transfer. In this regard, Ababneh and Al Adwan
(2012) and GTZ (2010) report that the lack
of a legal framework for the transfer of irriga-
tion management, infrastructure erosion, social
factors, and negative experiences with previous-
ly implemented participatory projects will result
in the failure of irrigation management transfer
to farmers. The results of a study by Lienert
et al. (2013) on the existing policies for wa-
ter infrastructure in Switzerland, using SNA,
showed that this approach could provide ap-
propriate and good results that could be used
to address various problems in stakeholder rela-
tionships, affecting decision-making and water
policy issues. Similarly, Stein et al. (2011) ana-
lyzed the role of social networks and the impact
of these networks on good water management
practices in a water basin in Tanzania. The result
emphasized the application of network analysis
as a systematic way of describing the relations
between local stakeholders for water governance
and considered the presence of local leaders
in the villages as one of the main components
of this process.

Fliervoet et al. (2016) conducted a social
network analysis of floodplain management
in the Dutch Rhine Delta and showed
the dependence of non-governmental actors
on the main governmental organizations.
It seems that the Dutch governmental organi-
zations still play a dominant and controlling
role in floodplain management, challenging
the alleged shift from a dominant government
towards collaborative governance and calling for
a detailed analysis of actual governance. Chaffin
et al. (2016) presented a method for resolving
this problem by describing the results of an insti-
tutional SNA aimed at characterizing the chang-
ing governance network in the Klamath River

Basin, USA, during a period of contested nego-
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Table 1. Actors of Local Water User Associations in llam Province

A IEriaEe puration of tlhe Abbreviation
interview (min) of actors

Water Supply Organization Co-operative Managing Director 60 ACO
Agri-Bank Deputy Chief and Supervisor 35 AB
Agricultural and Natural Resources Management Organization Head of the organization 35 ANO
Agriculture Organization Technical deputy 45 AO
Department of Cooperatives, Labor and Social Welfare Deputy Director-General of Cooperatives 40 COA
Provincial Government Deputy of planning 30 GO
Village Council and Rural Municipalities Presidency of the Council 55 IC
Agricultural Insurance Fund Agricultural insurance expert 35 IFA
Regional Water Company Expert on llam Regional Water Distribution 30 WO

Table 2. Important indicators in social network analysis (source: Bodin, Crona 2009; Ghorbani et al. 2013; Rezaei et al. 2015)

Indicators Description

Densit The ratio of all available ties to all possible ties. Therefore, the density is referred to as the number of ties associated with a node and, in other words, nodes that are related
v to the considered node.

Centrality The strength of a node based on the amount of relation on the network. Centrality can be discussed regarding the location of the node, the type of tie, and the relation.

In-degree centrality

The number of nodes that an actor receives. A high in-degree reflects a person’s reputation or authority.

Out-degree cen-

The number of nodes leaving an actor. The high out-degree indicates the influence of the actor, which is further discussed in the data transmission network.

trality
Reciprocity This indicator plays a role in determining the sustainability of the network and is obtained by examining the interaction between actors.
Transitivity This indicator comes from sharing ties between three individuals, one of which is the bridge between the two other people. As the number of people transporting ties is

higher, this rate is higher, and as a result, relationships sustain among actors.

Network size

The number of ties in a network of relations. As the number of ties increases, the density will increase in the network of relations.

tiations over water. The results showed that em-
ploying this type of SNA is useful for describing
potential and actual transitions in governance
that yield increases in adaptive capacity to re-
spond to social and biophysical surprises such
as increasing water scarcity and changes in water
distribution.

Ogada et al. (2017) used stakeholder analysis
and social network analysis to analyze stakehold-
ers’ social and structural characteristics based
on their interests, influence, and interactions
regarding the Lake Naivasha basin, Kenya. In-
teractions in the basin are guided by stakehold-
ers’ interest and sphere of influence, which have
both promoted participation in implementing
a collaborative water governance framework.

According to a previous study, the establish-
ment of local WUAs has accelerated the
development of water distribution networks,
and exploiters have been encouraged to partic-
ipate financially and to exploit water manage-
ment systems (Heydarian 2003). On the other
hand, researchers have considered the increased
social cohesion, development of social partici-
pation, and, most importantly, the mutual trust
of individuals as the necessary conditions for
the development of any society (e.g., Bhaga-
vatula et al. 2010). Trust is the main factor
of development and one of the most important
components of social capital. There is a signif-
icant relationship between the level of trust
and the development of societies, and there-
fore, developed societies have higher levels
of trust than other societies (Fukuyama 2001).

In fact, trust is a precondition for participation

and cooperation, and the survival and sustain-
ability of the relations between actors depend
on the trust of individuals. Also, trust can play
an important role in resolving disputes and con-
flicts among exploiters in the process of water
resource management (Bodin, Prell 2011).
The results of various studies show that the use
of social network analysis is effective in local wa-
ter governance and measuring social capital can
improve participatory water management in or-
der to conserve and develop water resources. Be-
cause the weakness of social capital and the lack
of unity and unity among individuals will lead
to a loss of trust and participation, this will
challenge the adequate governance of water re-
sources. Therefore, the purpose of the present
study was to investigate the indicators of social
network analysis of actors among exploiters,
members of local WUASs, and their boards of di-

rectors in Ilam Province.

2. METHODOLOGY

21. STUDY AREA

Ilam Province, one of the 31 provinces of Iran,
is located in the western part of the country,
bordering Iraq. In 2014, it was placed in Region
4. Covering an area of 19,086 square kilometers
(about 4.1% of Iran), Ilam Province shares its
borders with three neighboring Iranian provinc-
es and Iraq: Khuzestan Province in the south,
Lurestan Province in the east, Kermanshah
Province in the north, and Iraq in the west, with
425 kilometers of common border. The popula-
tion of the province is approximately 600,000
people (2015 estimate). The counties of Ilam

Province are Eyvan County, Chardavol Coun-
ty, Sirvan County, Ilam County, Malekshahi
County, Mehran County, Badreh County, Dar-
reh Shahr County, Abdanan County, and De-
hloran County. The northern region of Ilam,
due to its high elevation, experiences cold win-
ters and mild summers and receives the high-
est amount of precipitation in the province.
The variety of land is one of the main reasons
for the prevalence of nomads in the area (Aliak-
bari et al. 2015).

2.2. SAMPLES

AND DATA COLLECTION

A survey study was designed for data collection.
The statistical population of the study was com-
posed of the actors of the local Ilam WUAs,
including the Water Supply Organization,
the Agri-Bank, the Agricultural and Natural
Resources Management Organization, the Agri-
culture Organization, the Department of Coop-
eratives, Labor and Social Welfare, the Provincial
Government, the Village Council and Rural
Municipalities, the Agricultural Insurance Fund,
and the Regional Water Company of the prov-
ince. During data collection in 2018, one person
from each organization or administration was

selected as a contact person (Table 1).

2.3. DATA ANALYSIS

We used a quantitative research approach
in terms of paradigm; the survey was ap-
plied and descriptive. The network analysis
method and the Ucinet6 software were used

to examine the information exchange net-
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Table 3. Review of the information exchange network and the participation network in the current situation among actors from their point of view

Items
Actors View of the actors
No relation Low High Very high
. Views of actors about the information exchange network (people) 29 83 253 0
Regional Water Company - —
Views of actors about the participation network (people) 20 229 16 0
Views of actors about the information exchange network (people) 48 330 14 0
Agricultural Insurance Fund - —
Views of actors about the participation network (people) 45 302 18 0
. Views of actors about the information exchange network (people) 19 45 301 0
Water Supply Cooperative - —
Views of actors about the participation network (people) 3 N4 248 0
Agri-Bank Views of actors about the information exchange network (people) 20 327 18 0
gri-Ban
Views of actors about the participation network (people) 52 289 24 0
. . i o Views of actors about the information exchange network (people) 200 155 10 0
Agricultural and Natural Resources Engineering Organization - —
Views of actors about the participation network (people) 207 156 2 0
i i o Views of actors about the information exchange network (people) 30 324 n 0
Village Council and Rural Municipalities - —
Views of actors about the participation network (people) 268 66 31 0]
. . Views of actors about the information exchange network (people) 92 263 10 0]
Department of Cooperatives, Labor and Social Welfare - —
Views of actors about the participation network (people) 92 263 10 0
Views of actors about the information exchange network (people) 83 194 88 0]
Agriculture Organization
Views of actors about the participation network (people) 183 120 62 0]
Views of actors about the information exchange network (people) 344 20 1 0]
Provincial Government
Views of actors about the participation network (people) 344 20 1 0]
Table 4. Indicators of network analysis of actors of local water user associations
5 2 T8 8625 ey = < GX5LT | 5¥s52% z
52 g2 Bg85 £ g £ 5852 | 295E2 =
2% g X585 % 2 2z z 585 | $58%3 £
Link type £ 3 2Esvo z 3 = 2<c8¢ £c8¢eS 3
Z3 = = g s i os 2 a8 2 =
5 5 z g 5 Og = Ss % 2
L= x = =4
Information exchange 9 420 299 36.7 55.5 32.35 15.65 26.73 36.7
Participation 9 420 296 36.5 55.5 3247 1316 29.78 36.5

work and the network of participation among
the members of WUAs across the province.
This software is one of the most widely
used social network analysis software pack-
ages to draw up social networks and create
and display multiple relations in these net-
works. It uses a set of nodes representing
the variables of the research and a series
of ties between nodes to show the relations
and drawings within the social network.
The social network can quantitate the qual-
itative data using mathematics, and thus,
the differences are generally represented
in the form of a series of indicators, enabling
comparisons and analysis (Alizadeh, Siddigi
2013). In the study of the existing status
of actors in the local Ilam WUAs, a question-
naire composed of 20 items with a Likert-
type scale (no relationship to very strong
relationship) was designed, and the active
actors in the field of provincial WUAs (Table
1) were asked to express the amount of in-
formation exchange and the participation rate
of their organization/administration with
other organizations/administrations during
1 year. In addition, the relationship between
active actors with respect to the local WUA
in the province was examined from the per-

spective of actors.

There are many indicators to analyze social
networks. One of the main indicators is central-
ity, according to which the in-degree centrality
is the degree of reputation and authority of each
actor and the out-degree centrality indicates
the social or political influence of the actor.
Also, indicators such as density, reciprocity,
transitivity, and network size are among the in-
dicators used in this study (Table 2). The values
for each index are calculated from 100; values
below 50 indicate a weak index, and values

above 50 indicate a strong index.

3. RESULTS

3.1 INFORMATION EXCHANGE
NETWORK

AND PARTICIPATION
NETWORK AMONG

ACTORS OF LOCAL WUAS

To examine the information exchange net-
work and the actor participation network,
actors were asked to determine the extent
of their work relationship with other actors
in the province on a Likert scale. The actors
of the local WUAs in the province of Ilam
include the Water Supply Organization,
the Agri-Bank, the Agricultural and Natu-
ral Resources Management Organization,

the Agriculture Organization, the Depart-

ment of Cooperatives, Labor and Social Wel-
fare, the Provincial Government, the Village
Council and Rural municipalities, the Agri-
cultural Insurance Fund, and the Regional
Water Company of the province. One expert
was selected from each organization or ad-
ministration. In total, according to Table 3,
Water Supply Cooperatives and Regional Wa-
ter Companies of the province were the main
and most important actors from the perspec-
tive of local WUAs, and the Agricultural
and Natural Resources Engineering Organi-
zation and the Provincial Government were
the two actors that most organizations were

unrelated to.

3.2. RELATIONSHIP

OF ACTORS ON THE

ACTIVITIES OF LOCAL WUAS
WITHIN INFORMATION
EXCHANGE NETWORKS

AND PARTICIPATION
NETWORKS

The structural analysis of the social network
of actors of local WUAs at the provincial level
was studied in the form of an information ex-
change network and a participation network.
The indicators examined for SNA are presented
in Table 4.
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Fig. 1. In- and out-degree centrality in the information exchange network of actors of the local WUAs

3.3. INFORMATION EXCHANGE
NETWORK FROM THE
PERSPECTIVE OF LOCAL
WUA ACTORS
The result of the analysis of the density index
at the total level of the information exchange
network shows that the size of this index was
36.7 percent at the total level of information
exchange links (Table 4). This value indicates
the low density of information exchange links
in the network of actors in the local WUAs
in the province. Since the density is directly re-
lated to social cohesion, the level of social cohe-
sion was also weak.
According  to  the results, the size
of the network shows 299 connections from
all expected links (420 cases), that is, more
than half of the expected links have been
formed. As the size of the network increases,
the density of the network also increases. Thus,
based on the size of the network, the densi-
ty and social cohesion are at a moderate level.
Another indicator focused on to study so-
cial cohesion is the centrality (centration)
of the entire network based on internal and ex-
ternal links. According to the results (Table 4),
the focus of the network has increased more
on the basis of external links than on the inter-
nal links in the information exchange network.
This means that it was not affiliated with cen-
tral actors based on internal links or network
information reception; receiving information
is not in their monopoly, and more people are
effective in information reception. However,
according to external links, the dispersion of in-
formation is monopolized by limited and fewer
individuals. In total, according to the indica-
tors of the network density, network size, cen-
trality (concentration) of the entire network,
and the social cohesion of the information ex-

change network are weak to moderate.

Given that the reciprocity index of links
expresses the mutuality of the relationships
in the network, it can be stated that network
sustainability has a direct relationship with
the reciprocity rate of links. According to the re-
sults, the reciprocity of links in the information
exchange network of actors of local WUAs was
55.5 percent. Therefore, based on this indicator,
it can be said that the sustainability of the infor-
mation exchange network is moderate. In addi-
tion to the reciprocity index, the index of transi-
tivity of the links also indicates the sustainability
of the network in that the value of this index
was 32.35 percent according to the results
of the study, indicating that sustainability
is weak in the information exchange net-
work. In general, according to the two indi-
cators of reciprocity and transitivity of links,
network sustainability is weak to moderate.
To investigate the role of different organizations
in the information exchange network, the val-
ues of the in- and out-degree centrality were
compared (Fig. 1).

The in-degree centrality is the number
of nodes that an actor receives. A high in-de-
gree reflects the reputation or authority
of an actor. According to Figure 1, the Region-
al Water Company, with the highest in-degree
centrality (41), followed by the Water Supply
Cooperatives, with an in-degree centrality
of (40), had the highest authority and reputa-
tion and are therefore the most trusted actors
in the information exchange network of local
WUAs of the province. However, the actors be-
lieved that the Department of Cooperatives, La-
bor and Social Welfare, and the Provincial Gov-
ernment had the lowest position among actors
in terms of information in-degree, and this find-
ing does not seem desirable.

A high out-degree centrality also reflects

the influence of an actor. Thus, as evident

in Figure 1, the Agriculture Organization
of the province is considered the main actor
in social influence and has the most public rela-
tionships with other actors in the field of infor-
mation exchange. The Provincial Government
and the Department of Cooperatives, Labor
and Social Welfare are at the next ranks of so-
cial influence. The Islamic Council and Rural
Municipalities are ranked the last in social in-
fluence in terms of information exchange. Al-
though Water Supply Companies and the Re-
gional Water Company have good centrality
in information exchange and are highly trusted
and authority actors, they are in a lower posi-
tion in terms of out-degree centrality and social

influence (out-degree centrality of 35).

3.4. PARTICIPATION NETWORK
FROM THE PERSPECTIVE
OF LOCAL WUA ACTORS
The low density value of 36.5 percent in the links
of the participation network of actors of local
WUASs represents social cohesion and, conse-
quently, poor social capital in the participation
network of actors of local WUAs. According
to the results of the study, the participation
network size is 296 links of the 420 expected
links, suggesting that more than half of the ex-
pected links have been formed in the participa-
tion network. Based on the network size index,
the density and subsequent social cohesion
of the network are moderate. To investigate
social cohesion, the index of total centrali-
ty (total concentration) was also examined;
based on the results (Table 4), the concentra-
tion of the network has increased on the basis
of external links to the internal links in the par-
ticipation network. This means that according
to the internal links of the network, it has not
been dependent on the central actors and their
activity monopoly, and more people are effec-
tive in receiving participation. However, based
on external links, the dispersion of participation
and participatory activities occurs by fewer in-
dividuals. In comparison with the information
exchange network, dispersion of participation
is made in the form of a more compact struc-
ture because the centrality of the participation
network is more based on the external links
than the information exchange network. In gen-
eral, according to the network density indica-
tors, network size and total network centrality
(concentration), actor participation network,
social cohesion, and social capital are weak
to moderate.

Based on the results presented in Table 4,

the reciprocity of the links in the participa-



tion network (interactions) of the local WUAs
was 55.5 percent, indicating the sustainability
of the participation network. Also, the value
of the transitivity index of 32.47 percent rep-
resents the poor sustainability of the participa-
tion network of local WUA actors. Therefore,
considering the reciprocity and the transitivi-
ty of the links, network sustainability is weak
to moderate.

To examine the role of various organizations
in the participation network of local WUAs,
the in- and out-degree centralities were calcu-
lated (Fig. 2).

According to Figure 2, the Agriculture Orga-
nization of Ilam Province had the highest in-de-
gree centrality (46), followed by the Regional
Water Company (41) and the Water Supply
Cooperative (40) with the highest reputation
and power among the actors of the local WUASs,
considered the most trusted actors in the field
of participation. This indicates the awareness
of other actors about the role of these two sets
in the field of local WUAs in the province. How-
ever, according to the actors, the Islamic Coun-
cil and the Agricultural Engineering Organiza-
tion have the lowest position in participation
in terms of authority and reputation, and there
is a need to strengthen their position. The high
out-degree of centrality represents the actor’s
influence. According to Figure 2, the De-
partment of Cooperatives, Labor and Social
Welfare, he Agriculture Organization, the Pro-
vincial Government, the Regional Water Com-
pany, and the Water Supply Cooperative with
the highest out-degree centrality values (47,
44, 42, and 35) are the most influential actors,
while the Insurance Fund has the lowest level
in terms of social participation in the partner-
ship network. According to Figure 2, the Islam-
ic Council and the Rural Municipalities not
only have a weak position in terms of authority
and reputation, but they also require further at-
tention and improvement in relation to social
influence (their in- and out-degree centralities
were 30 and 29, respectively).

The QAP indicator is used in the Ucinet
software to examine the correlation between
the links of the information exchange network
and the partnership network. Based on this in-
dicator, the correlation between two networks
of information exchange and participation has
a high coefficient value (correlation coefficient =
0.95), and the significance level of the correlation
between these two networks is zero. This value ex-
presses the significance of the correlation between
the two links of information exchange and par-

ticipation at the significance level of 1 percent.
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Fig. 2. In- and out-degree centrality in the participation network of local WUAs

Accordingly, if there is a link between the two
actors of the local WUAs, there is a participation
link between the two actors of the local WUAs
with the probability of 1 percent. Thus, the in-
formation exchange network serves as a starting
point and the foundation or facilitating factor for

the participation network.

4. DISCUSSION

AND CONCLUSION

As previously stated, social network analysis
is a new approach to planning for participatory
water resources management. By studying social
networks using network analysis techniques,
researchers can identify challenges to partici-
patory processes in the management of water
resources (Bodin, Crona 2009). The results
of this study show that Water Supply Companies
and the Regional Water Company of the prov-
ince are the main and most important actors
from the viewpoint of the actors of local WUAs,
while the Agricultural and Natural Resources
Engineering Organization and the Provincial
Government are two actors that most organiza-
tions are unrelated to. Therefore, the strength-
ening of relationships with these organizations
is necessary, and measures should be taken
to facilitate the relationship with these organi-
zations, such as the reduction of the administra-
tive bureaucracy process.

The results of the analysis of the density index
at the whole level of the information exchange
network show that the density in the links
of information exchange in the network of ac-
tors of local WUAs in the province is low. Tak-
en together, according to the network density
indicators, the network size, the centrality (con-
centration) of the entire network, and the social
cohesion of the information exchange network
are at a weak to moderate level. These results are

consistent with the results obtained by Taghipour

et al. (2015) and Sabouri et al. (2014). There-
fore, participatory management in local WUAs
is challenging, and efforts to increase the density
of these associations are essential.

Based on the results, the Regional Water
Company, with the highest in-degree central-
ity, and the Water Supply Cooperative have
the first and second highest authority and rep-
utation, respectively, and are the most trusted
actors in the information exchange network
of local WUAs in the province. However, ac-
cording to the views of the actors, the Depart-
ment of Cooperatives, Labor and Social Welfare
and the Provincial Government have the low-
est position among the actors in terms of in-
formation input degree, and this finding does
not seem desirable. According to the results,
the Agriculture Organization, the Regional
Water Company, and local WUAs are the most
trusted actors and enjoy greater influence.
Therefore, these organizations can be used
to encourage exploiters and actors to partici-
pate with each other and to strengthen the role
of other organizations in the network of rela-
tions between actors.

The transitivity rate of the links also reflects
the poor sustainability of the participation net-
work of local WUAs; therefore, considering
the reciprocity and transitivity of the links,
network sustainability is weak to moderate.
The Agriculture Organization in the province
of Ilam, with the highest in-degree centrality,
and the Regional Water Company and Water
Supply Cooperative have the highest reputation
and authority among the actors of the provincial
WUAs and are therefore considered the most
trusted actors in the field of participation.
This indicates the high awareness and famil-
iarity of other actors with the role of the two
sets in the field of local WUASs in the province.

According to the actors, the Islamic Council
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and the Agricultural Engineering Organiza-
tion have the lowest position in participation
in terms of authority and reputation and are
therefore advised to improve their position.
In addition, the Department of Cooperatives,
Labor and Social Welfare, the Agriculture Or-
ganization, the Provincial Government, the Re-
gional Water Company, and the Water Supply
Cooperative exhibit the highest out-degree cen-
trality and are the most influential actors. How-
ever, the Insurance Fund showed the lowest level
in terms of social participation in the partner-
ship network. According to the results, the Is-
lamic Council and the Rural Municipalities not
only have no good position in terms of authori-
ty and reputation, but they also need to improve
their position with respect to social influence.
Based on the results, to improve the social cohe-
sion and participation of the exploiters of the lo-
cal WUASs, several training courses are proposed
to familiarize people with WUAs and their lim-
itations. Quantity orientation is also prohibited
in the establishment of cooperatives, and few
WUAs should be established, but consciously
and with awareness of the people. It is sug-
gested to create and strengthen social capital
in the villages by associations through the ex-
pression of the importance of collective actions
in the form of associations and co-operatives
and the common interests of these activities
through radio, television programs, and visiting

successful associations.
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