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A B S T R A C T   

Co-management requires two or more organizations that collectively manage natural capital. This study aimed to 
explore the function of social capital in the cycle of establishing co-management in southeastern Iranian rural 
communities (who participated in the Rehabilitation of Forest Landscapes and Degraded Land (RFLDL) project). 
Since measuring social capital is important and difficult, and one of the most promising and accurate methods for 
evaluating this capital is Social Network Analysis (SNA), it has been used as a research method in this research. 
The results showed an increase in the observed network characteristics of the RFLDL data, which indicates the 
positive effect of the social mobilization in RFLDL on bonding social capital. In addition, it suggested that the 
assessment of the success of community based natural resource governance solely based on a relational 
perspective of social capital is too narrow. Especially, traditional forms of community organization are not taken 
into account explicitly. Therefore, more research needs to be undertaken on how to incorporate differences in 
cultural organizations, traditional knowledge, and practices into the perspective of community empowerment.   

1. Introduction 

The impact of human activities worldwide on the natural environ
ment is on a planetary scale touching and overstepping planetary 
boundaries. We are about to leave the relatively stable geologic age of 
the Holocene, which gave rise to human civilization toward the 
Anthropocene, where humans will have to take on much more re
sponsibility for the stability of natural systems that are out of balance 
(Rockstrom et al., 2009; Virapongse et al., 2016). Adverse changes in 
environmental systems, such as desertification or anthropogenic climate 
change, are complex problems on multiple temporal and local scales, 
characterized through a high level of uncertainty and affecting multiple 
stakeholders including individual actors, agencies, and institutions 
(Fatemi, 2018; Reed, 2008; Basupi et al., 2019; Brandt et al., 2014). The 
complex character makes it virtually impossible to tackle these wicked 
problems in a top-down manner. 

Forming groups of local resource users are widely considered as a 
promising approach to improve the sustainable use of local resources. 
These activities are called new modes of natural resource governance 

(Evans, 2012; Hogl et al., 2012; Schultz et al., 2017). They rely on the 
main idea to allow communities to develop and exchange knowledge of 
good practice and alternative livelihoods having less environmental 
impacts and build institutions that allow for sustainable cooperative 
solutions that are not overusing the environment and improve the 
communities’ wellbeing at the same time. Decentralization allows ac
tions that are accessible to the citizens involved, encouraging more 
transparency and responsibility. It will help decision-makers leverage 
more precise time- and place-specific information regarding natural 
resources (Stern and Baird, 2015). Another advantage of local 
co-management is efficiency because of competition and evolution of 
ideas among the groups. Lemos and Agrawal (2006) highlight that local 
stakeholder groups do not question centralized authority if rules and 
competencies are clearly separated and are not contradictory. On the 
contrary, they work together with various other stakeholders across 
organizational levels – from the community level to the global and 
multinational levels, including various stakeholders from government 
organizations, NGOs, scholars, and local cooperatives. 

Due to the interaction of a local community and its surrounding 
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ecological systems, the local management schemes need to be able to 
adapt to changing environmental conditions. The capacity to do this is 
discussed as socio-ecological resilience. As future change happens under 
uncertainty, resilience can be improved by building and systemizing 
knowledge of ecosystem dynamics and promoting flexible local in
stitutions (Rapp, 2020). It can be concluded that adaptive 
co-management should focus on incentivizing local populations’ 
participation in new institutions to govern community resources. In 
other words, adaptive co-management facilitates social changes that are 
able to sustain socio-ecological systems (Labeyrie, 2014). Bodin and 
Prell (2011) highlight that successful adaptive co-management needs 
actors to build social relational ties with a diverse set of other stake
holders. These ties can be drawn upon in times of need or during the 
realization of projects. They are the sum of all ties connecting organi
zation and stakeholders’ institutions across all levels. Through these ties, 
information flow, lack of knowledge, and expertise can be communi
cated and used (Oubenal et al., 2017). The capacity of a community or 
group of people to harness their social bonds and norms as a basis for 
livelihood or other projects is captured in Social Capital Concept (Emery 
and Flora, 2006). 

Social capital, in essence, recognizes the significance of social ties 
and is interpreted as “networks of common norms, values, and under
standing that promote cooperation within or between communities” 
(Barnes-Mauthe et al., 2015). Social ties are described as interpersonal 
connections that allow people to share information, knowledge, feel
ings, and experiences (Qian et al., 2017). Wide-ranging research sug
gests that strong social ties are linked to a longer life (Luu and Ngo, 
2019). The ties can be weak, strong, or latent based on the extent of 
exchanges and interactions between two nodes (Alexander et al., 2017). 
The World Bank took ‘Social Capital’ as a useful organizing idea, 
claiming that social stability is the key to economic growth for econo
mies and sustainable development (World Bank, 1999). The key idea is 
that ‘social networks are a precious asset.’ A social network, according to 
Miller and Mundey (2020), is a social structure consisting of a group of 
social actors (such as individuals or organizations), a set of dyadic ties, 
and other social interactions among actors. The social network 
perspective offers a set of tools to analyze the structure of entire social 
entities, as well as a variety of theories to explain the patterns that can be 
seen in them (Block et al., 2020). The study of these structures uses SN to 
identify local and global patterns, locate influential entities, and 
examine network dynamics (Sun et al., 2018). In social network, more 
interaction between individuals will lead to greater participation, better 
and more effective communication, and thus contribute to the cohesion 
of group structures (Morrison-Smith and Ruiz, 2020). It is suggested that 
a sense of identity and the practical understanding of social networks 
(and the confidence and empathy partnerships that might be involved) 
may offer tremendous benefits to citizens. In other words, whereas 
physical capital refers to tangible resources and human capital refers to 
individual property, social capital refers to interpersonal relationships – 
social networks and the standards of reciprocity and trustworthiness 
that derive from them (Liu et al., 2020; Immanuel et al., 2017). Human 
capital refers to health, nutrition, education, knowledge and skills, 
ability to work, and adaptive capacity (Asian Development Bank, 2017; 
UNDP, 2017), which enable individuals to pursue different livelihood 
strategies and achieve their livelihood goals. Moreover, there is a factor 
of quantity and quality of available labor at the household level that 
varies depending on household size, skill level, leadership potential and 
health status (UNDP, 2017), but generally it is a tool to achieve liveli
hood outcomes (Lenihan et al., 2019; Xu et al., 2019). In this way, social 
capital is directly linked to what others have named “civic virtue.” The 
difference is that “social capital” refers to the concept of being 
embedded in a single network with shared social relations. A culture 
with many good yet alienated citizens is not inherently abundant in 
social resources (Labeyrie et al., 2014). The theoretical foundations of 
SNA can be found in the work of early sociologists such as Georg Simmel 
and Émile Durkheim, who wrote about the importance of studying social 

interaction trends. 
Since the early twentieth century, social scientists have used the term 

“social networks” to refer to complex sets of relationships between 
members of social systems on all scales, from interpersonal to interna
tional. In the 1930s, Jacob Moreno and Helen Jennings developed basic 
empirical approaches (Freeman, 2004). In 1954, John Arundel Barnes 
began regularly utilizing the word to describe structures of relations, 
adopting terms commonly utilized by the public and those employed by 
social scientists: confined classes (e.g., nations, families) and social 
distinctions (e.g., class, ethnicity). The usage of systemic social network 
research was extended by scholars such as Ronald Burt, Kathleen Carley, 
Mark Granovetter, David Krackhardt, Edward Laumann, Anatol Rapo
port, Barry Wellman, Douglas R. White, and Harrison White (Freeman, 
2006). Anheier, Gerhards, and Romo (Anheier et al., 1995), Wouter De 
Nooy (De Nooya, 2003), and Burgert Senekal used network analysis only 
in the review of literature (Senekal, 2012). Social network research 
employs methodologies from a branch of mathematics called Graph 
Theory (Scott and Stokman, 2015). Different measures of network 
structures were theoretically derived by sociologists and mathemati
cians to quantify and order the preferability of network structures. In 
social network, the graph representing all ties and nodes is referred to as 
the whole network. The following characteristics are defined for the 
whole network and relate directly to the community it represents. The 
most commonly used are investigated here, namely density, reciprocity, 
transitivity, and geodesic distance. 

SNA is the method of using networks and graph theory to investigate 
social structures (van der Hulst, 2009). It classifies networked structures 
as nodes (individual actors, people, or things in the network) and ties, 
edges, or links (relationships or interactions) that connect them. Social 
media networks are one type of social structure that can be visualized 
using social network analysis (Grandjean, 2016; Hagen et al., 2018) 
memes spread (Nasrinpour et al., 2016) information circulation 
(Grandjean, 2017) friendship and acquaintance networks, business 
networks, knowledge networks (Brennecke and Rank, 2017) and 
working relationships (Brennecke, 2019). Socio-grams, in which nodes 
are represented as points and ties are represented as lines, are frequently 
used to visualize these networks. These visualizations allow you to 
assess networks qualitatively by changing the visual representation of 
their nodes and edges to reflect different attributes (Ghanbarnejad et al., 
2019). These are the most important elements of a social network. There 
are many case studies that are undertaken to assess the impact of social 
capital on natural resource governance (Ghorbani, 2016; Hearne and 
Powell, 2014; Seferiadis et al., 2015; Meaza et al., 2017; Okello and 
D’Amour, 2008). The perspective of embeddedness goes further and is 
proposed as an alternative social theory, underlining the importance of 
the social context within which individual actors operate (Virapongse 
et al., 2016). Pinkerton (1989) makes clear the value of co-managing 
social partnerships. She goes on to write that " … It is important to 
note that effective co-management activity essentially depends on the 
partnerships between human actors allegedly fostered by structured 
structures and informal agreements that render such ties possible” 
(Pinkerton, 1989). Highly applicable to this essay are the attempts made 
by the development of social capital to grasp the complexities of social 
interactions in the control of wealth. Initially, Ostrom (1992, 2001) 
defined concepts such as shared understanding, confidence, and reci
procity as qualities that enhance the probability of self-organization. It is 
understood that social capital is both significant and difficult to quantify 
(Woolcock and Narayan, 2000; Côté, 2001; Seferiadis, 2015). Social 
network analysis (SNA) is a promising approach to social capital 
assessment (Bodin and Prell, 2011; Salpeteur et al., 2017) which was 
used as a testing tool and will be defined in depth in the following 
section. Today, the concept of social capital is widely applied to rural 
communities in most countries, and the SNA methodology is used to 
assess it based on a social relational approach (Salpeteur et al., 2017). 
Therefore, the aim of this study was to investigate and analyze the role of 
intra-group social capital through the method of SNA in two time 
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periods before and after the implementation of RFLDL (Rehabilitation of 
Forest Landscapes and Degraded Land) initiative in Sarayan city in 
South Khorasan province (located in Eastern Iran). 

2. Materials and methods 

2.1. Background: rangelands and land degradation in Iran 

Iran is one of the largest countries in the Middle East with an area of 
1.64 million km2, being part of the global arid belt. This means that 85% 
of Iran’s territory can be classified as drylands with larger evaporation 
than precipitation for more than 6 months per year. Of these areas, 20% 
are classified as desert areas that are of very limited economic potential 
and 55% as rangelands (Amiraslani and Dragovich, 2011) which equals 
about 90 Mio hectares (Abolhassani, 2011). The remaining 25% consists 
of cities (6%), agricultural land (11%), and forests (8%). According to 
Heady (1975) (cited in Abolhassani (2011)), rangelands are ‘shrublands, 
grasslands, and open woods, where warm, sandy, or muddy soils, steep 
topography, and rocks hinder commercial and woodland crops from 
developing.’ In Iranian rangelands, the vegetation is limited by lacking 
precipitation and the salinity of the soil. Nevertheless, rangelands are an 
important source of income and livelihood and contribute greatly to the 
economy. According to Abolhassani (2011), livestock-production on the 
rangelands makes up about 6% of total Iranian GDP. Especially on the 
rural subsistence level, about 3 Mio Iranians solely live from animal 
husbandry as their only source of income – with nomadism and 
semi-nomadism accounting for the biggest mode of livestock farming. 
About 83 Mio livestock (mainly sheep and goat) rely on the rangelands 
for more than 7 months per year. Other economic factors are honey 
production and medical plant harvesting for make-up production 
(Abolhassani, 2011). 

Iran is a young country with a population having an average age of 
27 years (Iran, 2011). In the past 40 years, the population increased 
from 34 Mio in 1976 to about 75 Mio in 2011 (Iran, 2011), leading to an 
increasing demand for large quantities of rangeland products, like meat, 
milk products, and wool. Growing cities, infrastructure construction, 
and agricultural development cut into rangelands. Additionally, Iran has 
been the destination for many refugees from the nearby conflicts of 
Afghanistan, Syria, and Iraq; many of them bringing their own herds. 

Such factors contribute to strain on the current rangelands gradually. 
The amount of livestock is projected to be around 2.5 times the viable 
carrying ability of rangelands (Badripour et al., 2006). This overstocking 
leads to an overexploitation of the rangelands through untimely grazing 
and overgrazing and ultimately to their degradation. The ultimate 
transformation to an unproductive land is referred to as desertification, 
a mechanism described by the United Nations Convention on Counter 
Desertification (UN, 1994) as: “land loss in arid, semi-arid, and dry 
sub-humid regions resulting from numerous factors, including climate 
change and human activity." 

The connection of intensification of land use, agricultural produc
tion, and desertification was investigated by Moghaddam and Saghafi 

(2006) in a study of a salt playa, a closed watershed whose water is lost 
with no visible outlet like a lake or river in the Birjand region, South 
Khorasan, in Eastern Iran. It was found that, using remote sensing 
techniques, there was an increase of 5061 ha in agricultural land be
tween 1988 and 2002, which amounts to a net annual increase of 15%. 
Further experiments have found that the total salinity in the playa-lakes 
is specifically related to habitat trends, clearings, and climate change. 
The authors of the study region conclude: “Areas that have experienced 
major changes in the recent past are regarded as especially vulnerable to 
possible salinity rises and therefore pose an extreme salinization threat” 
(Moghaddam and Saghafi, 2006) and they correlate the adverse effects 
of land degradation directly to human activities. Some pictures of sand 
dunes and rangelands can be found in Fig. 1. 

Damage to Iran’s economy due to desertification can be partially 
offset by the use of payment for ecosystem services (PES). Because PES 
policies compensate individuals or communities for undertaking actions 
that increase the provision of ecosystem services such as water purifi
cation, flood mitigation, carbon sequestration, oil stabilization, recrea
tion, cultural values, among others (Le et al., 2017). Therefore, this 
method allows a monetary value to products and services that nature 
provides free of charge to the economy (Barbier and Burgess, 2015). 
Badripour et al. (2006) estimate the value of ecosystem services of Ira
nian rangelands with pollution control (US$87/a ha) and the production 
of raw-material (US$57/a ha) as the two largest contributors, at about 
US$232/year per hectare. In a recent news report on the dimension and 
economic problems of land degradation in Iran, IRNA estimates the 
annual economic loss at about US$1 billion (IRNA, 2015). Given that 
natural resources play a role in economic, social, and environmental 
conditions, careful planning and management of their exploitation can 
help ensure environmental sustainability (Olalekan et al., 2019). PES 
can be a cost-effective way to conserve natural resources (Tyack et al., 
2020). Payments for ecosystem services are a novel conservation strat
egy that is increasingly being used in both developed and developing 
countries, including Iran. Although there is no single definition of PES, it 
can be broadly defined as “the benefits of nature to families, commu
nities, and economic systems” or simply “the good things that nature 
provides to us.” Payments for environmental services are promoted as a 
long-term solution to reduce environmental degradation. The benefits of 
this method include the cooperation of stakeholders and local commu
nities, as well as an increase in their income (Romero-Sánchez Arrio
la-Padilla, 2020; Zare Chahouki and Sanaei, 2018). Desertification is by 
no means a new phenomenon in Iran. Policy efforts to address this have 
been ongoing for some 50 years. The Desert Relations Department, now 
part of the Woodland Rangeland and Wetlands Agency of Iran (FRWO), 
in its first phase (between 1968 and 1988) aimed to control desert 
encroachment and desertification of rangelands by technical methods 
with sand dune fixation using oil mulch and reforestation efforts. Special 
attention was given to the types of vegetation appropriate for refores
tation. These experiences were used to develop technical plans during 
the period from 1989 to 2003. Additional attention was given to run-off 
control and an increase in success evaluation and documentation 

Fig. 1. Pictures prepared during the research of sand dunes and pastures of the study area.  
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(Amiraslani and Dragovich, 2011). Nevertheless, the results lacked 
sustainability, and re-degradation could not be prevented. Golmo
hammadi (2013) points out that technical methods for combating 
desertification need to be accompanied by rangeland management 
practices as well as soil and water conservation measures, including the 
prevention of over-grazing. 

2.2. Study area 

Sarayan is one of the cities of South Khorasan province which has an 
area of about seven thousand square kilometers (Fig. 2). The center of 
this city is Sarayan, which is located 160 km southeast of Birjand city 
(the center of the province). The city is located at 58◦ and 31 min east 
longitude and at 33◦ and 51 min north latitude and its average elevation 
is 1484 m above the sea level. The city has an area of about 9342 square 
kilometers. The average rainfall in this city is about 124 mm per year 
and its average temperature is 18.5 ◦C. The city has mostly cold winters 
and dry summers. According to the 2012 census, the population of this 
city is about 32493 people in urban areas and 10248 people in rural 
areas. The city consists of three districts, named Sarayan, Isik, and Se 
Qaleh, and 52 villages, and all parts of the city are less developed. Its 
most important villages are Bostaq, Zangoii and Dust Abad (Sarayan 
County Development Document, 2012). 

In this city, like other dry and desert areas, due to low rainfall, there 
is no permanent river full of water. According to the report of the 
General Department of Natural Resources of the province, the area of 
natural resources of the city is so low, and it does not benefit from dense 
and semi-dense forests (Department of Natural Resources South- 
Khorasan, 2016). In the past, the forests of Tagh, Gaz, Skanbil, Qich, 
and many other parts of the city have been covered, but population 
growth, drought, overgrazing, Afghan settlement, and negligence have 
destroyed most of these forests. Of course, the attention of the author
ities and the implementation of projects such as RFLDL (Earth Ecosys
tems and Polluted Property Regeneration) have to some extent 
prevented the destruction of pastures and we can be optimistic about the 
future. 

RFLDL is a collaborative effort of the United Nations Agriculture 
Organization (FAO), the Iranian Woodland, Rangeland, and Wetlands 
Protection Organization (FRWO), and the Global Environmental Facility 
(GEF), which is used as a financial tool to enact the United Nations 
Convention on Fighting Desertification. On two project sites in the 

Iranian Provinces of Kerman and South Khorasan, during a period of 5 
years (between March 2011 and February 2016), a total of 462.068ha of 
land were targeted for an ambitious program to develop a scalable 
process that ensures at the same time the protection of biodiversity to 
limit desertification and, therefore, increases carbon storage, and to help 
local people to improve their livelihood (RFLDL, 2014). 

This project site is in close proximity to the Dasht-e Lut, which is one 
of the driest and hottest places on the earth and has been subject to 
desertification and droughts for many years (Fig. 1). RFLDL’s key goal is 
the introduction of interconnected sustainable land and forest man
agement (SLFM) frameworks, involving the local population in a 
participatory process (RFLDL, 2014). 

2.3. The establishment of village development committee, village 
development groups (VDG) and micro credit finance in RFLDL 

One of the goals of the RFLDL project is to institutionalize the 
concept of participatory management among local communities and to 
develop a model of participatory management of natural resources in 
arid and semi-arid regions. Indeed, the development of this model re
quires shifting the direction of participatory approaches, i.e., decision- 
making, planning, and implementation from the bottom to the top, 
with the goal of removing key barriers to sustainable land and forest 
management and increasing the capacity of degraded lands and forest 
landscapes to create sustainable livelihoods, food security, and deserti
fication. The most important principle in public participation activities 
is capacity building and the mobilization of local communities through 
social structuring and the creation of popular organizations accepted by 
rural communities. In this regard, one of the methods that has been used 
as a successful experience in developing countries and also in this 
project is the formation of resource management committees, rural 
development and sustainable development funds of local communities. 

Rural committees are the main and most popular participatory in
stitutions in rural communities that, if successful and stable, can be a 
strong support, guarantee of stability and success of the goals in public 
participation projects. The formation mechanism of these organizations 
is by holding joint meetings first with Islamic councils, Dehyar and key 
people of the target villages and then with local communities to intro
duce the project, its goals and implementation approaches and thinking 
about how these organizations and finally the formation of committees 
and rural funds have been perceived by local communities (one 

Fig. 2. Map of the study area.  
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committee and one fund in each village). The main purpose of forming 
rural development committees, social mobilization and organizing 
people for participatory planning and management is to preserve and 
rehabilitate degraded lands, environment and natural resources, to 
create environmentally friendly livelihoods and natural resources, and 
to carry out rural development activities. Each village committee con
sists of 13 people (men and women) who are elected by people as the 
representatives of the villagers. Also, in order to follow up the executive 
affairs in each committee, 3 people are selected as the executive board 
(secretary, accountant and the chairman of the committee). The mem
bers of the Rural Development Committees and the executive commit
tees of these committees, who work voluntarily, hold regular meetings 
at least twice a month to discuss, decide and plan for the problems of the 
village. Local Community Sustainable Development Funds also aim to 
mobilize and manage the financial resources available through rural 
development committees, to preserve and rehabilitate degraded lands, 
the environment and natural resources, to create environmentally 
friendly livelihoods and natural resources, and to carry out activities. 

Village development has been launched in each of the target villages. 
The Sustainable Development Funds of local communities consist of 
groups of 20–25 people. Each member of the Rural Development Com
mittee as the head of the group will be responsible for forming the group 
and collecting funds. A bank account is opened for each of the rural 
funds in the name of the village development committee in the nearest 
bank and is managed by the executive board of the committee. Rural 
fund members also hold monthly meetings to raise monthly savings. In 
these monthly meetings, in addition to receiving savings, the issues and 
problems of the village and its solutions are also discussed and decided. 
These funds include people’s savings, the income from environmental 
activities and services, attracting government funds, donations and 
loans. The RFLDL project has organized workshops and training courses 
in order to achieve appropriate and efficient strategies for empowering 
and capacity building of local communities and increasing people’s 
participation in rehabilitation activities after social restructuring with 
the participation of such grassroots organizations and communities. 
Local people can manage their own local resources and gain the capacity 
and self-confidence to influence project implementation policies, and 
eventually rehabilitate areas destroyed by the communities themselves 
(Ghorbani, 2016). 

2.4. Methodology 

In fact, SNA is a quantitative tool developed from a socio-relational 
surveying methodology whose big advantage is that it unites holistic 
and individualistic perspectives (Bodin and Prell, 2011). SNA reflects a 
distinctive collection of methodologies to track, evaluate, and assess 
social ties between persons, teams, and organizations. It encourages the 
analysis of trends and types of relationships among actors, where these 
actors (which may be individuals, groups, or organizations) are visually 
defined by systemic nodes in a network chart and relationships (ties or 
links) between these nodes. You can see the summary of relevant mea
sures for the network and nodes in Table 1. It should be noted that these 
measures are commonly used in similar studies such as Bodin and Crona 
(2009), Bodin and Prell (2011), and Ghorbani and Azadi (2021) with 
different objectives. Given the general goal of this study, which is to 
analyze social network measures, five measures (density, reciprocity, 
transitivity, geodesic distance and group density) were used. 

Depending on the research focus, nodes may also be used to repre
sent events, ideas, or actions. SNA allows the study of the position and 
effect of the actors in a network; it can also define and chart network 
interactions and examine framework structures (Salpeteur et al., 2017). 
SNA offers a systematic method for analyzing the role of participants in a 
network and a context for examining hypotheses of group actions and 
social roles (Wasserman and Faust, 1994) which is able to evaluate the 
characteristics of a network before and after the implementation of a 
project. 

Development in SNA has been closely related to the rise in compu
tational power and the application of personal computers (Schweizer, 
1989) allowing to analyze larger and more complex networks in a 
reasonable time. As the measures of Graph Theory are very formal, 
network characteristics can be assessed using algorithms implemented 
into different software packages (Borgatti et al., 2013; Scott and Stok
man, 2015). One of these software packages is UCINET (Borgatti et al., 
2002). UCINET operates on the adjacency matrixes that are coding the 
relations between the two nodes of the network data. There is extensive 
documentation available that explains stepwise procedures (algorithms) 
and the application of the software to calculate network characteristics. 
However, because UCINET is a closed source system, the software 
implementation of algorithms cannot be verified. The researcher has to 
trust the program to work right, but needs to reflect if the results are 
plausible. 

It is essential to understand that UCINET has not been developed for 
measuring social capital in natural resource governance. Borgatti is 
interested in organizational research (Borgatti and Foster, 2003). The 
interpretation of the network characteristics obtained and their impli
cations for successful governance are neither mathematically defined 
nor trivial. On the contrary, they have to be explained based on the 
theory of social capital. In the following sections, different levels of 
networks and some network measures are introduced theoretically and 
then related to successful community activation. 

Table 1 
Summary of relevant measures for the network and nodes.  

Measure Description 

Density Density describes the number of links within a network as 
measured by the number of possible connections. Relations per 
node are often suggested for use in combination with depth to 
avoid the risk of performance score misinterpretation (Hoppe 
and Reinelt, 2010). 

Reciprocity The reversibility of ties is investigated by the reciprocity measure 
(Borgatti et al., 2013). Like density, it can be measured as a 
probability, i.e., if actor A states a relation with actor B, the 
reverse (B to A) is also true. The level of analysis is dyad-based, 
which means pairwise on the actor level. In the case of a trust 
network, this allows to characterize the equality of power 
interactions. Reciprocity is closely connected to in-degree 
centrality and out-degree centrality. With low levels of 
reciprocity, a village’s social structure may be described as 
hierarchic. The benefits of reciprocity are simultaneous 
exchanges of information and long-term obligations between 
people because of repeated interactions (Pretty, 2003). 

Transitivity Transitivity extends reciprocity by investigating the 
relationships of all three actors, referred to as a triad. Borgatti 
et al. (2013) explained that the main idea is answering the 
question if A is related to B and B is related to C, what is the 
probability that A is related to C? If there is a relationship 
between A and C, a triad is transitive. If networks have high 
transitivity, they have a clumpy structure of areas with 
interconnected ties. Borgatti et al. (2013) point out that 
transitivity of about 50% is a rather high value. 

Geodesic 
distance 

The length of the shortest walk between two nodes in a given 
network is equal to the number of edges that need to be passed on 
the way between them. This measure is called the geodesic 
distance. Geodesic distance in the trust network is a useful 
measure for the speed of information flow. A trust-relationship 
makes a submission of information likely, while its absence or a 
great geodesic distance might hinder the transmission of 
information between two individuals. Low geodesic distance 
measures indicate the high speed of response to an external 
impulse and serve as a characteristic of socio-ecological 
resilience. 

Group density Group density is similar to the whole network density but on a 
sub-group level. It is measured for pre-defined groups in UCINET 
(Borgatti et al., 2002). For the measurement, each sub-group is 
considered as its own network. A high density in collaboration 
indicates a well-functioning sub-group, while a high level of trust 
indicates an optimal precondition for a sustained group 
structure.  
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2.5. Methods of data analysis 

2.5.1. Questionnaire and data collection 
To assess the network characteristics, a structured questionnaire was 

conducted in the study areas. The data used in this study have been 
collected through the Social-Ecological-Systems Modelling Lab (SESM) 
at the University of Tehran, Iran. The qquestionnaires were completed 
based on the “complete network” (Ghorbani and Azadi, 2021) of 754 
stakeholders (215 from 14 groups of Zangoii, 190 from 13 groups of 
Bostaq, 168 from 17 groups of Dust Abad and 181 from 19 groups of 
Se-Qaleh city). The “complete network” indicates that the empirical data 
for this study was obtained from every member of the VDGs in the target 
areas. Trust and collaboration ties have been measured by asking 
close-ended questions on a Likert scale from 0 to 5. This simple design 
was selected to be understood by the rural population who are often 
illiterate (Ghorbani, 2016). 

The questions used in the questionnaire¬ for each measure are as 
follows:  

1) Trust: On a scale from zero to five, to what extent do you trust people 
in the rural areas?  

2) Collaboration: On a scale from zero to five, to what extent do you 
practically cooperate with the people in activities related to rural 
sustainability, conservation, and sustainable use of natural 
resources?  

1) Trust: On a scale from zero to five, to what extent do you trust people 
involved in the rural sustainability activities emphasized by the In
ternational Carbon Sequestration Project (after the implementation 
of the RFLDL?  

2) Collaboration: On a scale from zero to five, to what extent do you 
practically cooperate with the people in activities related to rural 
sustainability, conservation, and sustainable use of natural 
resources? 

To assess the long-term effects of the social mobilization activities, it 
is necessary to analyze longitudinal data considering the social capital 
before and after the implementation of the RFLDL project. If the project 
was successful, the change of structural characteristics of the trust and 
collaboration networks could be considered as a representative of the 
desired change in social capital. Therefore, in Sarayan, data were 
collected by the SESM-Lab staff as part of an assessment of the social 
dimension in the ongoing RFLDL project. The data were taken from a 
report of the SESM lab. This report assessed the changes in the network 
characteristics for the three villages of Bostaq, Zangoii and Dust Abad, 
and Se-Qaleh city. The first data collection was in 2011 (during the 
formation stage of VDGs and micro credit finance) and the second one 
was in 2015 (after RFLDL). 

2.5.2. Data processing and graphical representations 
In order to improve the reliability of the results, the raw data were 

simplified. Dichotomization is a process that reduces the complexity of 
the measured values (Borgatti et al., 2013). Afterward, only binary data, 
respectively the existence or non-existence of a tie, are investigated. 
Dichotomization can be easily achieved using the corresponding 
UCINET-method routine. As the ties were measured on a scale from 0 to 
5, a cut-off value of 3 was selected. All ties with a value of 3, 4, or 5 were 
given the value one, while all other ties, including 0, 1, and 2, were given 
the value zero. To analyze the RFLDL data collected by the SESM-Lab, 
the UCINET software (Borgatti et al., 2002) was used to calculate 
network characteristics, using implemented algorithms. The results 
were stored using Microsoft Excel and a UCINET specific format. To 
accompany the network characteristics, plots were prepared using the 
NETDRAW (Borgatti, 2002) package of UCINET. 

3. Results 

3.1. Dynamics in SNA data - longitudinal comparison before and after 
RFLDL 

3.1.1. Density 
The RFLDL data set allows to study the dynamics of networks 

comparing the characteristics before and after project implementation. 
The density of Sarayan District, collaboration, and trust networks 
(Table 2) could be improved by RFLDL. The changes were almost the 
same in magnitude for both collaboration and trust networks with an 
absolute increase from 7% (Se-Qaleh trust network) to 19% (Zangoii 
collaboration network). The highest density was observed for Zangoiis 
trust network with a score of 84%. This high trust score is also reflected 
in much stronger collaboration which could be improved by 35.2% in 
Zangoii, now having the highest density (73%) among the observed 
villages. In Se Qaleh, the rate of change is much more moderate, scoring 
the lowest improvement in absolute (7% in trust and 8% in collabora
tion) and in relative numbers (11.1% in trust and 15.4% in 
collaboration). 

In the networks of village leaders (Table 3), the absolute magnitude 
of change appears to be greater than that of the whole village networks. 
Especially remarkable are the high densities of the trust networks with 
Bostaq leader’s network reaching the highest possible score of 100% and 
Zangoii with 87%, having achieved a relative change of 45% (27% 
difference). The scores of collaboration show a large increase from 17% 
(Bostaq) to 29% (Zangoii). Bostaq leader’s network density is very high, 
reaching 91% after RFLDL, contrasted by only 64% in Se Qaleh where 
there are further opportunities for improvement. 

3.1.2. Reciprocity 
The change in reciprocity scores is positive in Sarayan District. The 

improvements for networks that scored lower before RFLDL, received 
larger improvements compared to networks that already scored high 
before RFLDL. All villages scored between 65% and 70% for both 
collaboration and trust networks after RFLDL, requiring a relative 
change between 40.9% (Zangoii collaboration network) and 14.8% 
(Bostaq trust network). This smaller change for villages that already 
were successful indicates that the maximum feasible reciprocity on the 
whole village level might be around 70% (Table 4). 

The largest reciprocity for the Sarayan leader networks (Table 5) was 
82% for the collaboration network and 100% for the trust network in 
Bostaq. There were big improvements in Zangoii, and the collaboration 
reciprocity increased by 29% and reached the second highest level 
(72%). Trust reciprocity also increased by 36% (a relative increase of 
92.3%). Se Qaleh leaders had very low reciprocity after RFLDL, scoring 
only 52% for collaboration and 60% for the trust network. Interestingly, 
the transitivity of trust ties between leaders is lower for some villages 
than the overall transitivity (Se Qualeh, 53% compared to 58%). This 
might indicate unresolved conflicts between the leaders that could be 

Table 2 
Sarayan district – density.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 54% 73% 19.00% 35.2% 
Bostaq Collaboration 61% 71% 10.00% 16.4% 
Dust 

Abad 
Collaboration 58% 66% 8.00% 13.8% 

Se- 
Qaleh 

Collaboration 52.00% 60.00% 8.00% 15.4% 

Zangoii Trust 72% 84% 12.00% 16.7% 
Dust 

Abad 
Trust 65% 74% 9.00% 13.8% 

Bostaq Trust 73% 81% 8.00% 11.0% 
Se- 

Qaleh 
Trust 63.00% 70.00% 7.00% 11.1%  
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addressed. 

3.1.3. Transitivity 
The change trend in transitivity is positive. The magnitude of change 

is similar for both collaboration and trust data. The largest transitivity 
was calculated for Dust Abad’s collaboration network (69%) and Zan
goii’s trust network (67%). This indicates good progress in the 
empowerment of the beneficiaries in these two villages. The largest 
relative change was observed in Zangoii, with a 40.9% increase in 
collaboration transitivity and a 31.4% increase in trust transitivity 
(Table 6). 

The largest transitivity for the Sarayan leader networks (Table 7) was 
83% for the collaboration network and 100% for the trust network in 
Bostaq. There were big improvements in Zangoii, and the collaboration 
transitivity increased by 30% and reached the second highest level 
(66%). Trust transitivity also increased by 40% (a relative increase of 
102.6%). Se Qaleh leaders had very low transitivity after RFLDL, scoring 
only 42% for collaboration and 53% for the trust network. 

3.1.4. Geodesic distance 
RFLDL succeeded in reducing the average geodesic distance; in all 

four villages, the trend was positive for collaboration and trust net
works. The greatest improvements were made in Zangoii with 16.6% for 
the trust network and 14.2% change for the collaboration network. 
Generally, the geodesic distance declined by between 0.09 and 0.25, 
which is a big improvement, compared to the maximum possible 
improvement of 0.55 (Zangoii collaboration network) and 0.33 (Dust 
Abad trust network) (Table 8). 

In the leaders’ network, there are also larger improvements of 
geodesic distance measures; again, the trend is positive for all four vil
lages and all three analyzed networks. The greatest changes are in the 
scores of Bostaq and Zangoii. Very impressive is the fact that the trust 
networks between the leaders reached the maximum value of 100% in 
Se Qaleh, Bostaq, and Zangoii, suggesting big improvements in the 
leaders’ trust in each other. This certainly represents high levels of 
linking social capital for this group of leaders (Table 9). 

The findings suggest that confidence, collaboration, unity, and social 
capital were low prior to the implementation of the RFLDL project, 
whereas those indexes increased and reached moderate rates after the 
implementation of RFLDL. In other words, the steps taken by RFLDL 

Table 3 
Sarayan district - leader density.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 52% 81% 29.00% 55.8% 
Se Qaleh Collaboration 41.00% 64.00% 23.00% 56.1% 
Bostaq Collaboration 74% 91% 17.00% 23.0% 
Dust 

Abad 
Collaboration 69% 76% 7.00% 10.1% 

Zangoii Trust 60% 87% 27.00% 45.0% 
Bostaq Trust 81% 100% 19.00% 23.5% 
Se Qaleh Trust 54.00% 68.00% 14.00% 25.9% 
Dust 

Abad 
Trust 66% 80% 14.00% 21.2%  

Table 4 
Sarayan district – reciprocity.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 44% 62% 18.00% 40.9% 
Bostaq Collaboration 51% 66% 15.00% 29.4% 
Dust 

Abad 
Collaboration 53% 66% 13.00% 24.5% 

Se- 
Qaleh 

Collaboration 53.00% 66.00% 13.00% 24.5% 

Zangoii Trust 51% 67% 16.00% 31.4% 
Dust 

Abad 
Trust 57% 67% 10.00% 17.5% 

Se- 
Qaleh 

Trust 57.00% 67.00% 10.00% 17.5% 

Bostaq Trust 61% 70% 9.00% 14.8%  

Table 5 
Sarayan district - leader reciprocity.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 43% 72% 29.00% 67.4% 
Se Qaleh Collaboration 24.00% 52.00% 28.00% 116.7% 
Bostaq Collaboration 60% 82% 22.00% 36.7% 
Dust 

Abad 
Collaboration 58% 65% 7.00% 12.1% 

Zangoii Trust 39% 75% 36.00% 92.3% 
Bostaq Trust 68% 100% 32.00% 47.1% 
Dust 

Abad 
Trust 52% 66% 14.00% 26.9% 

Se Qaleh Trust 51.00% 60.00% 9.00% 17.6%  

Table 6 
Sarayan district – transitivity.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Dust 
Abad 

Collaboration 50% 69% 19.00% 38.0% 

Zangoii Collaboration 44% 62% 18.00% 40.9% 
Bostaq Collaboration 45% 55% 10.00% 22.2% 
Se- 

Qaleh 
Collaboration 40.00% 48.00% 8.00% 20.0% 

Zangoii Trust 51% 67% 16.00% 31.4% 
Bostaq Trust 51% 65% 14.00% 27.5% 
Dust 

Abad 
Trust 51% 62% 11.00% 21.6% 

Se- 
Qaleh 

Trust 50.00% 58.00% 8.00% 16.0%  

Table 7 
Sarayan district - leader transitivity.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 36% 66% 30.00% 83.3% 
Bostaq Collaboration 53% 83% 30.00% 56.6% 
Dust 

Abad 
Collaboration 53% 62% 9.00% 17.0% 

Se Qaleh Collaboration 39.00% 42.00% 3.00% 7.7% 
Zangoii Trust 39% 79% 40.00% 102.6% 
Bostaq Trust 62% 100% 38.00% 61.3% 
Dust 

Abad 
Trust 48% 65% 17.00% 35.4% 

Se Qaleh Trust 38.00% 53.00% 15.00% 39.5%  

Table 8 
Sarayan district - average geodesic distance.  

Village/ 
city 

Network Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Zangoii Collaboration 1.55 1.33 − 0.22 − 14.2% 
Se-Qaleh Collaboration 1.54 1.39 − 0.15 − 9.7% 
Bostaq Collaboration 1.37 1.26 − 0.11 − 8.0% 
Dust 

Abad 
Collaboration 1.41 1.30 − 0.11 − 7.8% 

Zangoii Trust 1.51 1.26 − 0.25 − 16.6% 
Bostaq Trust 1.36 1.18 − 0.18 − 13.2% 
Se-Qaleh Trust 1.38 1.28 − 0.10 − 7.2% 
Dust 

Abad 
Trust 1.33 1.24 − 0.09 − 6.8%  

M. Ghorbani et al.                                                                                                                                                                                                                              



Journal of Arid Environments 192 (2021) 104540

8

facilitated the creation of more durable and cohesive networks among 
the members and increased mutual confidence and cooperation. 

4. Discussion 

4.1. Role of trust and collaboration network in the success of RFLDL 
project 

The restoration and rehabilitation of natural resources requires 
careful planning, implementation and monitoring of RFLDL projects. As 
discussed, one of the goals of the RFLDL project is to strengthen the 
resilience of forest sites, improve land use management and protect it for 
the future. As a result, constructive programs and policies must be 
implemented in order to increase flexibility and improve land man
agement. The results of this study showed that achieving a strong 
network of trust and cooperation as a major gap requires more attention 
in policy making. Achieving to a point where natural resource demand is 
less than population growth is the simplest way to relieve pressure on 
these resources (Table 2). Iran would generally move toward this 
turning point (the high level of trust and collaboration network in 
rehabilitation and restoration programs). This process could happen in a 
form of a catastrophe or in a desirable way (Fatemi et al., 2018). If the 
present trajectory persists without any policy adjustments, the amount 
of natural use would be greater than the population density. This can 
lead to the destruction of natural resources and reduction of ecological 
diversity. Conversely, with the RFLDL project, effective environmental 
protection practices will occur in a desirable and reasonable manner 
(Fatemi et al., 2018). Today, rangeland protection, restoration and 
development will not be possible without the active participation of 
stakeholders. Trust is the starting point for participation and the facili
tator of this process among natural resource actors. SNA helps re
searchers to identify challenges related to trust, partnerships, and how 
they interact across social network. The results show that there is a high 
correlation between trust and participation of people in social network. 
Also, the study of trust links between actors shows that there is a close 
relationship between members in the studied networks. These results are 
consistent with the findings of Scholz (2011), Ghafari (2008), Prell et al. 
(2009), Ghorbani et al. (2012) and Ebrahimiazarkharan et al. (2020). As 
a result, trust must be emphasized in order to enhance natural resources 
management. Because it is the most critical aspect of all sustainable 
social interactions and a core component in the beginning of collabo
ration activities. Based on the findings of this study (Table 3), the level of 
collaboration showed a large increase. Compared to the lower level 
(64%) in Se Qaleh that showed opportunities for further development, 
the network density of Bostaq’s leader was very high (91%) after the 
implementation of RFLDL project. As collaborators move from broad 
statements to specific management practices, developing a collaborative 
network is critical to the success of rehabilitation projects. (Urgenson 
et al., 2017). This is similar to the shared theory of change in the inte
grative framework for collaborative governance (Emerson and 
Nabatchi, 2015). 

According to Ryan and Urgenson (2019), collaborative capacity built 
on trusted leaders assists collaborations in overcoming barriers to 
developing natural resource management, but a lack of trust can pose 
challenges to landscape restoration programs. The results of the density 
index show that this rate is moderate to high in the studied networks and 
consequently the cohesion in terms of trust, participation, and social 
capital will increase at the same rate among the networks. Therefore, 
based on the results of this index, a dense network can be expected 
among the studied links. The results of some studies on the use of social 
network in participatory management of natural resources also confirm 
this. In this context, Gašević et al. (2019) has stated that the higher 
density of social networks, the greater the participation of people in that 
network will be. This can be a way to develop and improve the social 
capital of the members of that network. Also, according to the findings of 
Zhang et al. (2017), in social networks with low density, the rate of 
participation and social learning will be significantly reduced. As a 
result, with increasing the density in a social network, better social re
sults will be seen. 

4.2. SNA and enhancing natural resources governance 

SNA was widely used to investigate the governance and management 
of natural resources (Bodin and Prell, 2011). This is because natural 
resource management usually includes a wide range of actors who are 
rooted in different organizations and engage on various scales and in 
heterogeneous ways, e.g. through power relationships, mutual assis
tance, etc. As the findings of this study showed, SNA dynamics 
contributed to assessing the changes in reciprocity and transitivity 
scores in terms of trust and collaboration network in Sarayan District 
(Table 4). These results indicate that the changes in the Sarayan region 
have been positive and significant. This means that the progress of 
networks that had lower scores before RFLDL has been significant and 
high, and both cooperation and trust networks have achieved high 
scores. In this context, Calvet-Mir et al. (2015) studied the informal 
network of collaboration between the stakeholders involved in the 
management of a natural park in Spain. By comparing the informal 
exchange of knowledge between a wide variety of institutional and 
non-institutional actors and the formal participatory bodies of the nat
ural park, they show how the SNA makes it possible to recognize key 
stakeholders in participatory bodies and thus potentially help strengthen 
participatory governance of protected areas. According to Levesque 
et al. (2016), when members’ power is distributed, trust can develop 
across core interests, and social learning can lead to shared under
standing and joint solutions. Nunes and Abreu (2020) argued that one of 
the major challenges in project management is to understand the extent 
to which dynamic interactions between different people - through 
formal and informal collaboration networks - affect the outcome of the 
project. Because of the enormous impact on economic, environmental, 
and social sustainability, this challenge has caused growing concern 
among the organizations that implement and oversee these projects. As 
shown in Table 5, the largest reciprocity was 82% for the Sarayan leader 
networks’ collaboration network, and 100% for the trust network in 
Bostaq. In such a context where the social network appears to be vertical 
in order to enhance the trust and collaborative network, we normally 
expect the implementation of formal rules, regulations and procedures 
for collective action interventions. The findings of the study show that 
formal relationships are important in cost, quality, and labor protection; 
however, they are even more important in improving coordination, 
safety, and environmental protection. This also confirms the role of 
leaders’ network (Tables 6 and 7) in achieving big improvements in the 
level of trust. Leaders should be well connected, according to the find
ings, and can be identified through network measurements. Multiple 
mechanisms, such as leaders’ providing advice and support to one 
another, have been shown to influence change efforts through network 
structure (Daly, 2010; Coburn et al., 2012; Finnigan and Daly, 2012; 
Penuel et al., 2012). Leaders with ties to one another contributed to the 

Table 9 
Sarayan district - average geodesic distance leader.  

Village/ 
city 

Tie Before 
RFLDL 

After 
RFLDL 

Difference [%]-Change 

Se Qaleh Collaboration 1.91 1.58 − 0.33 − 17.3% 
Zangoii Collaboration 1.43 1.18 − 0.25 − 17.5% 
Bostaq Collaboration 1.40 1.25 − 0.15 − 10.7% 
Dust 

Abad 
Collaboration 1.31 1.23 − 0.08 − 6.1% 

Zangoii Trust 1.35 1.05 − 0.30 − 22.2% 
Dust 

Abad 
Trust 1.43 1.20 − 0.23 − 16.1% 

Bostaq Trust 1.16 1.00 − 0.16 − 13.8% 
Se Qaleh Trust 1.45 1.40 − 0.05 − 3.4%  
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success of these change efforts in these networks. Leadership is required 
to create widespread change according to Elrod and Kezar’s work on the 
Kaleidoscope project in 2014. These individuals serve as champions, 
members of the organization who can rally support for an innovation 
and overcome obstacles to its adoption (Knaub et al., 2018). When it 
comes to promoting reform programs, a good hero or leader should have 
qualities such as the ability to create or change conditions to work better 
with others (e.g., Foote et al., 2016; Knaub et al., 2016). Where formal 
rules, leaders, and committees work to promote collective action, but 
mutual trust is low and collaborative initiatives are undervalued, 
Krishna (2000) argues that collective action interventions are needed to 
build trust and willingness to collaborate and create relational social 
capital. The findings of this study will serve as a basis for future research 
that combines a more nuanced understanding of trust with an available 
trust and collaborative network theory. Potential RFLDL collaborators, 
for example, should carefully consider how to build a project and plan 
relevant stakeholders, balancing the need to be inclusive with the need 
to develop a shared commitment among stakeholders. According to 
Senga (2016), the presence of relational trust among network actors can 
facilitate collective action and improve natural resource management 
collaborative practices. The results of Senga’s (2016) study also show 
that the desire of actors in SN and their communication and connection 
with others is very important for natural resource management. Because 
by influencing management decisions, it will play an important role in 
selecting, maintaining or dissolving the relationship of trust between 
RFLD actors. 

4.3. Problems associated with the SNA method 

Today, SNA is as a method broadly applied in different research 
fields and practical applications. It is not only applied to individuals but 
also to organizations and agencies (Borgatti et al., 2013; Scott and 
Stokman, 2015). For example, to prevent terror attacks, social networks 
based on meta-data of social media websites like facebook.com and 
phone-networks are used by machine learning algorithms to identify 
targets for potential drone strikes (Grothoff and Porup, 2016; Scott and 
Stokman, 2015). However, there are reasons to be skeptical about the 
advances in SNA methodology and the decisions that are based on 
seemingly highly precise measurements of network characteristics. In 
the case of automated kill-decisions the risk and cost of a false positive 
needs to be seriously considered. Grothoff and Porup (2016) highly 
doubts the reliability and suggests that the threat of suspicious in
dividuals identified by SNA should be further investigated using other 
methods. 

The same criticism might be considered for the application of SNA to 
measure social capital in community natural resource governance. It 
needs to be considered that the other calculated factors could lead to a 
certain network configuration and what would be the implications of 
getting the wrong impression based on a false perception of reliability 
implied by the highly precise network measure calculations. It needs to 
be critically assessed if the assumption of the relational approach can be 
upheld in a culturally very different background from the Western 
countries. In many recent case studies using SNA to assess social capital 
in natural resource governance this is not the case (Barnes-Mauthe et al., 
2014; Guarnacci, 2016; Henry and Vollan, 2014). Many conclusions are 
derived but the limitations of their methodology and the underlying 
assumptions of these studies are hardly discussed by the authors 
(Kocho-Schellenberg and Berkes, 2015; Salpeteur et al., 2017). Another 
problem is the “dark side” of the social capital approach (Haynes, 2009). 
When focusing on building social capital of leaders and brokers, the 
individuals in the periphery of the network are easily discarded. In the 
long-term, SNA may contribute to reiterating the status quo. Already 
powerful people that are targeted for community activation measures 
may use the resources given to them to further improve their status in 
the community. The implications of these asymmetries of power are not 
at all addressed by SNA. Social capital appears to be a too narrow lens. 

Cultural capital does also have a strong influence and potential to 
improve natural resource governance. However, the resilience of tradi
tional communities cannot be investigated through the SNA lens only. 
Ultimately, better measures of success of community activation are 
needed. The measure of social capital remains hypothetical and no 
causal relations about its impact on natural resource governance can be 
established. 

Moreover, failing to acknowledge additional factors influencing the 
SNA needs to be seen in the con-text of the geometries of power (Scott, 
2015). The perspective of the researcher normatively introduces a 
concept of good governance and an intact community that may 
co-determinate the judgment about good and bad network structures. 
Scott (2015) raises the point that SNA is rooted in a positive social sci
ence view that its application can improve governance. However, with 
taking the critics of Haynes (2009) about the dark sides of SNA research 
into consideration, more doubts about the method arise. SNA appears to 
involve every stakeholder’s preferences, but does not allow them to 
speak for themselves. This may reproduce injustice in the long term and 
intensify competition for access to resources. 

5. Conclusion 

Due to the lack of access to longitudinal data in the analysis of social 
networks in natural resources in most of the researches and the difficulty 
of collecting longitudinal data, less attention has been paid to this issue. 
Also, it is important to highlight the application of social network 
analysis and the effective role of this data in demonstrating the trend of 
changes over time. Therefore, the innovation of this research is the 
generation of longitudinal data that shows changes over time using 
quantitative and mathematical metrics. 

The increase in observed network characteristics of the RFLDL data 
indicates a positive effect of the social mobilization in RFLDL on bonding 
social capital. For example, after the implementation of RFLDL, the data 
show that the density of the Sarayan District villages’ trust and collab
oration networks has been improved between 10% and 20%. This im
plies a higher capacity of the local population to engage in joint actions. 
However, some hotspots in the form of villages with low network den
sities may be identified for further social mobilization activities. Special 
consideration should be given to the villages’ cultural constraints. It 
would be interesting to have more secondary data that could then 
explain the differences in network densities. 

The density of trust between village leaders grew even more strongly 
which is directly related to the increased linking social capital within the 
villages. At the time of the data collection, the density of the leader 
network was very high, but it remains to be seen if these results can be 
sustained over time. 

A major opportunity for the SNA approach in community-based 
sustainable development research for future applications lies in 
tracking the progress of ongoing social mobilization initiatives over 
time. Using SNA-software like UCINET, the data can be easily analyzed 
using a structured questionnaire survey that could be performed at many 
points in time. However, attention can be given to other metrics for the 
mobilization activities and the performance of resource consumer 
groups. In the end, a more straightforward indicator of progress is the 
increase in the human development score or the sum of saved capital 
and productive programs. The value of the rangeland is quickly 
measured with economic or environmental metrics. The SNA method
ology can be helpful when it comes to researching issues about why 
planning projects struggle. Graphical patterns can easily be used in the 
realistic implementation of such research to determine the effectiveness 
of the mobilization steps for growing groups. The project will spend 
additional research to expand its activities in communities with poorly 
defined network systems. 

The creation of sustainable communities is an important part of the 
growth agenda. Methodologies ought to be built and implemented in 
this context to determine the effectiveness of programs promoting the 
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participation of local actors in sustainable natural resource co- 
management. SNA is successively used by several scholars to evaluate 
the well-being of rural communities in non-western countries. 

Structural aspects of group social capital were analyzed using the 
SNA method in the examined case studies. The structural characteristics 
of the investigated Iranian villages indicate an improvement in the pa
rameters of the social network which could be linked to the positive 
results during the RFLDL group activation processes. The partnerships 
were not distinguishable in terms of sensitivity. You may classify key 
players to be involved using their strategic role. More work is needed if 
these actors really have an important role to play and how well they use 
their ability to achieve positive outcomes. 

In addition, financial wealth and social participation may be seen to 
have risen to double the rates and would further help the elimination of 
social exclusion. Following the project’s adoption, outer community 
social capital has risen across the four communities, which in effect 
claims a decrease in social inequality, improves social security, and 
strengthens citizen involvement. This can be inferred, based on the 
survey methods and findings, that network research will assess and 
analyze valuable metrics relating to social variables impacting sustain
able local growth and empowerment. The creation and expansion of 
civic associations also culminated in improved social services and 
stronger participation in policymaking. In order to achieve positive so
cial empowerment, it is important to further create local economic 
growth and combat social inequality, social resources, and social sta
bility, with a focus on confidence and cooperation. Certainly, even the 
standard of life in the project region would improve with the develop
ment of social resources. Stronger trusted relations between the com
mittees in the four areas promote sustainable rural growth and would be 
a significant move towards enhancing the spirit of collaboration be
tween them, which is the opposite of social isolation and an essential 
contributor to socio-ecological resilience. 

In the end, the most significant drawback of this quantitative analysis 
is that any relation between structural features and values of the citizens 
remains theoretical. Therefore, any assessment of social capital focused 
solely on institutional features remains incomplete. Structural features 
provide essential means for the production of social capital, but they are 
not adequate to justify its appearance. 
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The authors regret that the name of the second corresponding author 
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