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Abstract: This research offers an exploration of the social networks within two distinct watershed
groups in the Hudson River, New York State, USA: citizen-based and agency-based organizations.
Through a social network analysis of their operations and interactions, this study unveils the complex
dynamics and roles of individual nodes in facilitating nine types of connections, such as political
and financial, within these networks. The citizen-based organization demonstrated denser and more
cohesive networks, suggesting robust relationships and enhanced resilience and adaptability. In
contrast, the agency-based organization exhibited more hierarchical networks. This study employs
both network-level and node-level analyses to examine the social networks within watershed groups.
Our network-level analysis focuses on metrics such as density, average degree, and hierarchy, while
our node-level analysis examines clustering coefficients and influence. It also explores ego networks
through an analysis of their density and the effective size of structural holes. Our finding is that the
social networks of the two groups are quite distinct, and there is limited exchange of information
and resources between them. However, we discovered that effective communication among a few
well-connected individuals (e.g., those with high influence values) within each group can enhance the
effectiveness and resilience of these networks. These analyses aim to provide a detailed understanding
of the social dynamics within regional watershed groups.
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Watershed management, a critical component in preserving and enhancing our natural
environments, necessitates a comprehensive understanding of the social networks that
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based and agency-based organizations, each possessing unique operational dynamics

and interaction patterns within their respective networks. Specifically, our focus is on
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local environmental issues, these groups often embody a more localized approach to envi-
ronmental stewardship than larger, more structured NGOs. An agency-based watershed
group, in contrast, is typically facilitated, managed, and evaluated by government entities
such as municipalities or other public administration bodies [1]. These groups are struc-
tured around governmental mandates and policies, focusing on broader, regionally relevant
environmental concerns and compliance with regulatory frameworks. Mixed groups often
arise in situations where there is a convergence of community interests and governmental
objectives [1]. These hybrid organizations blend the community-driven focus of citizen
groups with the structured approach of agency-based groups, facilitating collaboration and
resource sharing between citizens and governmental entities. Understanding the funda-
mental differences and potential synergies between these types of groups helps in assessing
the dynamics, roles, and impact of these groups in watershed management, particularly in
terms of their social networks.

A pivotal aspect that this research aims to unravel is the role of individual actors or
nodes within these networks, particularly those serving as an articulation node between
different groups or sub-networks. Identifying and understanding these key individuals
could illuminate pathways for enhancing collaboration, resource sharing, and collective
impact in watershed management initiatives.

To conduct a thorough social network analysis (SNA) and achieve the aforementioned
objectives, our research utilized UCINET 6.527 software [2], a prominent tool in the field
of network analysis, enabling us to systematically analyze and visualize the networks
within and between the watershed groups under study. We utilized network-level analysis
tools to assess the overall social network structure and employed node-level analysis tools
to examine interactions among individual nodes within the network. Furthermore, to
achieve these objectives more robustly, we conducted the general node-level analysis and
ego network analysis separately.

While previous research has provided valuable insights into the functioning and
impact of social networks within environmental management contexts, a comparative
analysis between different types of watershed groups remains scant. Thus, this study
endeavors to fill this gap by juxtaposing the social networks of citizen-based and agency-
based watershed groups, providing a nuanced understanding of their operational dynamics
and potential areas for cross-collaboration and learning.

Considering the above, this research is guided by the following key objectives: to
explore and compare the social networks within citizen-based and agency-based watershed
groups; to identify and analyze the role of key individual actors within these networks;
and to discern the implications of the network structures and dynamics on the groups’
operational efficacy and collaborative potential. This study employs both network-level
and node-level analyses to examine the social networks within watershed groups. Our
network-level analysis focuses on metrics such as density, average degree, and hierarchy,
while our node-level analysis examines clustering coefficients and influence. Additionally,
we explore ego networks through an analysis of their density and the effective size of
structural holes.

In summary, this study’s focus on the roles of individual nodes in watershed groups
resonates with ref. [3], which emphasizes the importance of key actors in environmental
governance. However, unlike ref. [4], our study reveals unique dynamics in the interplay
between citizen-based and agency-based groups. The remainder of this study is structured
as follows: Section 2 shows the study area, Section 3 provides a literature review, Section 4
details the methodology, Section 5 presents the findings, and Section 6 discusses the
implications of the findings.

2. Study Area: The Hudson River Basin

The Hudson River is a defining natural feature of New York State. Originating in
the Adirondack Mountains near Mount Marcy, New York State’s highest peak, the river
embarks on a journey of approximately 315 miles across the eastern part of the state. Its
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main headstream is sourced from Lake Tear of the Clouds. Figure 1 shows the site map of
the Hudson River estuary boundary.
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Figure 1. Site map of the Hudson River estuary boundary, highlighting the locations of groups A and B.

2.1. Natural Condition

The Hudson River’s course is as varied as the landscapes it traverses. For the initial
108 miles, it winds southeast towards Corinth and then northeast to Hudson Falls. Beyond
this, it adopts a more direct southern path for approximately 200 miles, culminating in
Upper New York Bay in New York City. The Hudson River’s drainage basin is expansive,
covering an area of 13,370 square miles, and its lower course is characterized by a drowned
valley, extending seaward with a deep submarine canyon. The river’s tidal influence is
significant, felt up to the federal dam at Troy, and it exhibits a mean tidal range of 4.7 feet. At
its broadest, the river spans 3 miles at Haverstraw Bay, tapering to 0.75 miles at its mouth.

The Hudson River Watershed, encompassing regions from Albany in the north to
Yonkers in the south, exhibits a diverse range of climatic conditions. Albany, the north-
ernmost point, endures a continental climate with cold, snowy winters and warm, humid
summers. Geographically, the Hudson River is crucial to the area’s landscape. It flows
through diverse ecosystems, supporting a wide range of biodiversity. The river’s estuarine
system, where saltwater and freshwater mix, provides a unique habitat for many species,
including various fish like the striped bass and numerous bird species. This diversity
highlights the ecological importance of the Hudson River [5].

2.2. Socio-Economic Aspects of Hudson River Watershed Management

Stewarding the Hudson River Watershed entails a critical balance between promoting
economic growth and preserving the environment. The watershed is important for various
economic sectors in the local economy, such as agriculture, industry, and tourism. Yet, these
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activities also present challenges to the ecological health of the river. To effectively tackle
these issues, it is essential to employ strategies that safeguard the environment while also
fostering sustainable economic development. This means implementing regulations and
best practices that reduce environmental impacts while allowing economic activities to
flourish. Such an approach is key to the long-term health of the watershed, benefiting both
the environment and the communities that depend on it.

Community involvement is important in managing the Hudson River Watershed [6].
Involving these communities in decision-making processes is essential for the success of
watershed management efforts. This includes engaging local stakeholders in conservation
initiatives, pollution control measures, and sustainable resource management. By doing so,
watershed management not only addresses environmental concerns but also supports the
socio-economic well-being of the local population. It fosters a sense of stewardship among
community members, encouraging them to actively participate in preserving the river for
future generations. This community-centric approach not only enhances the effectiveness
of environmental management strategies but also ensures that the benefits of a healthy
watershed are equitably shared among all stakeholders.

3. Literature Review
3.1. Social Network Analysis for Natural Resource Management

A social network analysis (SNA) encompasses theoretically grounded methods de-
signed to analyze various types and attributes of relations among individuals and groups.
The networks formed by individuals and organizations consist of webs of relationships and
interactions [7]. SNA applies the structure of these relationships to systematically represent
networks, using nodes and ties as foundational elements. This model underpins a suite of
mathematical tools that analyze the causes and consequences of diverse types of relations.

In recent decades, there has been a surge in interest in employing SNA for natu-
ral resource management [7—13]. Social networks among individuals or subgroups can
positively influence outcomes [14] but can also obstruct collaboration, productivity, and
innovative capacity [11,15]. For instance, excessively tight social networks may resist evolu-
tion or the acceptance of new ideas and technologies from outside the network. Therefore,
comprehending the dynamics of social networks is pivotal for planning, management,
and innovation.

SNA emphasizes evaluating core types of ties within and between groups, including
ties of common goals [16], information or knowledge sharing [12,17,18], learning [19,20],
trust [16,21-23], funding support [18], idea sharing [18], and more. SNA seeks to interpret
the hidden structural properties underlying visible ties by identifying the structural prop-
erties of support networks, examining relationships between individuals and stakeholders,
determining the positioning of different individuals or stakeholders within the network,
and revealing how relationships are structured within the entire network [24].

Ultimately, SNA is instrumental in understanding the functionalities of social net-
works, such as the roles and positions of key actors and the flows of knowledge and
information, which can potentially influence elements like resilience and adaptive capacity
for environmental change [25]. SNA can also identify, select, and engage core individuals
or stakeholders in participatory processes related to natural resource management [12,15].

Numerous studies have demonstrated that SNA can be utilized to comprehend vari-
ous resource management issues or to provide supplementary information. Researchers
have employed social networks to enhance aspects of social capital in natural resource man-
agement, such as governance processes [11,17,26-28], local leadership [29], adoption of new
skills or knowledge [12,19,20,29,30], productivity and innovation of capacity [11], involve-
ment of new stakeholders [17,31], recruitment and self-development [32], conflict resolu-
tion [8,33], trust between stakeholders [22], and collaborative decision making [12,34,35]. In
the analysis of networks, researchers have sought to unveil the structure of social networks
suitable for given environments [21,32,34,36-38] or to discern the roles or positions of actors
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and ties in the network [17,33,39-41]. Among them, a few studies have concentrated on the
social networks of watershed groups as “organizations” [8,29,42].

In line with our focus on the articulation node in watershed management groups,
Ptak [43] offers valuable insights into the role of intermediaries. Their study explores the
pivotal role of intermediaries in fostering policy integration and system transformation.
This reinforces the importance of such roles in facilitating effective communication and
collaboration in complex environmental management scenarios, akin to the dynamics ob-
served in our study. Our study, while acknowledging the role of intermediaries, particularly
distinguishes itself from ref. [43] by focusing more on the role of articulation nodes.

Analyzing social networks unveils the relationship between network relations and
the underlying structural patterns that emerge among actors. Therefore, SNA examines
the attributes of individuals, relations among actors, how actors are positioned within
a network, and how relations are structured into overall network patterns [44—46]. Con-
sequently, SNA can be categorized into three levels: individual, subgroup, and overall
network level [7,47]. Although analyses for all three levels are equally vital, most SNA stud-
ies for natural resource management have focused on stakeholder analysis [17,21,35,36],
which necessitates network- and subgroup-level analyses. Nonetheless, individual-level
analysis is also paramount in determining the relationship between the outcomes and roles
of individuals and in determining if a subset of individuals can be represented as one node
for a subgroup [13,30,39,48].

3.2. Watershed Management Groups

Some researchers [49] address watershed management from a global perspective,
while others [29] approach it from national or regional viewpoints. This research specifi-
cally focuses on the watershed management of the Hudson River area in New York State,
adopting a regional lens. Additionally, while various studies have explored the economic
efficiency [50], assessment [51], or sustainable development [52,53] aspects of water re-
sources management, this study centers on a social network analysis within and between
watershed management groups. Particularly, it examines how the formation of social net-
works among individual members of organizations managing watersheds can facilitate the
flow of information and resources, thereby enhancing the effectiveness of these networks.
Lastly, while some research [50,51,53] has been conducted on agency-based watershed
management groups, others [29] have focused on citizen-based groups, and yet others [1]
have examined mixed-type watershed management groups. This study investigates both
agency-based and citizen-based watershed management, analyzing the differences between
these two types and proposing a strategy to improve the social networks within and across
these groups, with a particular focus on the individual-level interactions and relationships
within and between these different types of networks.

Building relationships through partnerships is a crucial aspect of watershed organiza-
tions, and numerous assertions relate to their effectiveness [29]. The concept of “conserva-
tion through cooperation” (Local Champions Speak Out: Pennsylvania’s Community) is
pivotal. Different groups exert their influences in varied ways. While citizen-based groups
often rely on traditional, adversarial means, such as lobbying and petitioning [54], the
impact of mixed and agency-based groups tends to be more subtle and less visible, often
through technical advice and changes in individual decision-making [1].

Researchers have found that agency-based groups adopt the strategies of the parent
organization, as opposed to other types of groups, which may develop more internally
based strategies [55]. The research by Graversgaard et al. [56] on agency-based watershed
management in Denmark demonstrates that the integration of regional water councils as
participatory groups significantly improved the effectiveness of river basin management
plans, resulting in more efficient and ecologically favorable outcomes in watershed manage-
ment. Thus, the type of watershed group can shape both processes and outcomes. However,
there is a noticeable gap in the literature concerning comparative analyses of how different
watershed groups utilize their social networks. Most studies have focused on the network
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and subgroup levels, often overlooking the individual level, which is crucial for under-
standing the roles and outcomes of specific actors within a network [13,30,39,47,57,58].

4. Research Methodology
4.1. Site Selection

This study is conducted with two community-based watershed groups, selected by the
research team in collaboration with the Hudson River Estuary Program and the Hudson
River Watershed Alliance. The selection criteria are based on the duration of the groups’
existence, availability of historical water quality data, evidence of the groups’ activity levels
(with a preference for more active groups), location in the Hudson River Estuary drainage
area, and the group’s willingness to participate in the study. The two groups are referred to
as Groups A and B.

Group A, a relatively new watershed alliance with close ties to an institution of higher
education, is selected as a case study in the lower basin. It is primarily comprised of private
citizens. The group consists entirely of individuals who racially self-identify as White or
Caucasian, contrasting with Dutchess County demographic statistics, which describe only
68.6% of the population as non-Hispanic White [59]. Relative to the overall population
statistics for Dutchess County, the watershed members who responded to the survey were
significantly more likely to be female (56% versus 50.1% for Dutchess County as a whole).
The group members ranged in age from 23 to 76 years, with an average age of 47 years. As
might be expected, the group is characterized by a high level of academic attainment, with
56% of the respondents indicating a graduate or professional degree (MS, PhD, etc.) and an
additional 38% indicating that they had attained a four-year bachelor’s degree (for a total
of 94% holding bachelor’s degrees or higher). Sixty percent of respondents indicated they
were professionally tied to a university or other academic institution.

Group B, located in Orange County;, is selected as the downstream site due to its longer
history and its reflection of a municipal- and agency-based organization. The members
of Group B are 52% male, and 95% of the survey respondents in this group self-identified
as non-Hispanic White or Caucasian (one individual, or 5% of those who indicated their
race or ethnicity, identified as American Indian or Alaskan Native). The average age of the
Group B members who responded to the survey was 58 years, ranging from 42 to 78 years.

The educational attainment among the Group B respondents is high, though some-
what lower than for the members of Group A, with 50% indicating they have a bachelor’s or
four-year degree and 36% indicating they have a graduate or professional degree. The IRS
classifies Group B as a 501(c)(3) charitable organization with a written organizational strate-
gic plan and a fundraising strategy. As an inter-municipal watershed organization, Group
B comprises a mix of private citizens and public representatives, with a preponderance of
the former.

4.2. Survey Methods

This study utilized data collected from the two watershed organizations described
above. The survey instrument incorporated questions focusing on watershed group accom-
plishments, effectiveness, barriers to effectiveness, impacts on water quality, composition
and formation, and watershed group characteristics (Table A1, Appendix A). Additionally,
the survey explored watershed group network relationships and how they manifested in
terms of ideas, information, financial resources, skills, labor, political power, and shared
values. To craft a survey capable of assessing key issues within each watershed group—
while reflecting the understanding and interests of the respective organizations, watershed
groups, and basin-wide actors representing HREP—the Hudson Watershed Alliance and
Cornell Cooperative Extension were engaged throughout all stages of draft development.
A web-based survey tool was utilized due to its accessibility, user-friendly interface, and
the widespread availability of email addresses for watershed group members. Emails were
sent to the entire membership of both groups, encompassing all 46 members of Group A
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and all 96 members of Group B. An invitation email with a survey link was dispatched,
followed by up to five reminders sent to non-respondents.

4.3. Social Network Measures

Generally, social networks encompass two major levels of analysis: network-level
and node-level analysis. In this study, we commence with a network-level analysis and
subsequently proceeded to an individual node-level analysis. The density, average degree,
and hierarchy were analyzed for the network-level measurements. For the general node-
level analysis, the clustering coefficient and influence were analyzed. To scrutinize the
ego networks, the density of the ego networks and the effective size of structural holes are
analyzed. Each of these terms is defined and operationalized as described below.

4.3.1. Network-Level Measurements

Network-level measurements are valuable for various reasons. Analyzing network-
level measurements of the groups can unveil the internal dynamics of each group, such
as the extent to which the members collaborate, share resources, or exchange information.
This is vital for understanding the group’s overall effectiveness and identifying areas for
improvement, especially when the networks are as complex as the several network types
examined in this study.

The density of a network is calculated by determining the proportion of ties in the
network relative to the total number of possible ties, specifically, m/n(n — 1), where m is
the number of ties and 7 is the number of nodes. As a proportion, the value ranges between
zero and one.

The average degree of a node is the number of ties connected to it. Its value can range
from 0 to n — 1, where # is the number of nodes in the network. Therefore, the average
degree also lies within the range [0, n — 1]. Specifically, it is calculated as m/n. Note that
the density and average degree are computed using only the number of nodes for the
denominator and the number of ties for the numerator. Therefore, if different networks
have the same number of nodes, then density and average degree are proportional to the
number of ties.

Hierarchy is the proportion of nonreciprocal dyads in the reachability matrix. Math-
ematically, it is expressed as 1 — {X;;:X;; > 0 AND Xj; > 0} / 1{X;;:X;; > 0 OR Xj; > 0} 1,
where X is the reachability matrix. Typically, this measure is used to determine whether
the structure of a network is primarily composed of vertical or horizontal relationships.

4.3.2. Node-Level Measures

While network-level analysis reveals the structural aspects of the network, node-level
analysis illuminates the position and role of individual nodes within the given structure.
The primary advantage of node-level analysis is that it assigns a score to each node, enabling
researchers to perform statistical analyses with an expanded number of nodal samples.
For instance, researchers can explore associations between network measurements and
other nodal properties [60] and conduct regression analyses with observations serving as
network nodes [61].

The clustering coefficient of a node represents the density of its open neighborhood,
essentially illustrating how effectively the linked adjacent nodes interact. Its value ranges
from 0 to 1. The clustering coefficient of a completely isolated node is 0, while a node with
fully connected neighbors has a clustering coefficient of 1.

Influence measures the degree to which one node impacts others. It is calculated using
the successive powers of matrices to enumerate the possible paths of a given length between
every dyad. Since a longer path between a pair implies a weaker influence of the source
node on the target node, weights are assigned to each path according to its length. This
study utilized the Katz-influence method. Its influence matrix is (I — bA)~! — I, where I is
the identity matrix, b is an attenuation factor, and A is the adjacency matrix. After dividing
the matrix by the overall sum, the resulting value should be in the range of [0, 1].
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For the ego-network, we measured the density and effective size. An ego network consists
of an ego node, its neighboring nodes (referred to as alters), and the existing ties among
them, as in the original network. While a general node-level analysis treats the nodes as
members of the entire network set, an ego network analysis deals with a set of subnetworks
composed of local nodes and ties surrounding ego nodes. This study examined the basic
measurements of ego networks: density and effective size. The density of an ego network is
the density measurement of the altered network within a given ego network, with outcomes
ranging from 0 to 1. The effective size of an ego network, a measure of structural holes,
captures non-redundancy (Figure 2). It is computed as the ego network size minus the
redundancy, or the number of alters minus the average number of alters, excluding ties to
the ego. Thus, the value ranges from 1 to k, where k is the number of alters.

Structural Hole

Figure 2. Structural holes.

This study defines ego networks with only outgoing ties to differentiate the values of
ego density from those of the clustering coefficient. If we considered both incoming and
outgoing ties to define ego networks, the ego density values would be identical to the ego
clustering coefficients. An independent-samples t-test was conducted for each network
type to compare the clustering coefficient values, influence, ego density, and ego effective
size in Groups A and B.

4.4. Social Network Structure

Using survey data, 9 networks, each with 134 nodes, were defined: 43 nodes from
Group A and 91 nodes from Group B. The survey measured nine types of relationships, and
the following network models were built: (1) aspire, (2) financial, (3) ideas, (4) information,
(5) interact, (6) labor, (7) political, (8) skills, and (9) values (Table 1). Table 1 presents the
definitions of these types of ties in the network.

Table 1. Meaning of ties in each network model.

Network Model Definition of Tie A—B

Aspire B aspires to work with A.

Financial B relies on A for financial resources.
Ideas B receives new ideas from A.

Information B receives information from A.

Interact B has interacted with A.
Labor B relies on A for labor.

Political B relies on A for political support.
Skills B relies on A for specialized skills.

Values B relies on A for their shared values.
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We explored the relationships between various characteristics and practices within
the social networks of each watershed organization, using t-tests to conduct the group
comparisons.

To provide a comprehensive visual overview of the methodology, a flowchart summa-
rizing the key steps is presented in Figure 3.

Data Col-

lection

Data Data Ego

Analysis — Analysis — Comparative Interpretation
* Network
Network- E> E> E> E>
Level Level

of Results

Node- Analysis

Analysis

Figure 3. Methodology flowchart.

5. Results

Group A consists of 43 members, while Group B has 91 members, totaling 131 indi-
viduals, with three of them affiliated with both groups. The response rate was 86% for
Group A (n = 37) and 60% for Group B (n = 55). A total of 12 individuals are isolated in
every network model (8 from Group A and 4 from Group B), and 119 people are listed in
the network survey questionnaire, with 2708 ties among them. These ties are distributed
among the nine network models in Table 1.

Figure 4 provides a visualization of the nine network models (see Figures A1-A9 in
Appendix A for larger images). The red circles represent members of Group A, the blue
squares represent members of Group B, and the black triangle represents a node affiliated
with both groups. While isolated nodes are not visible in the figures, they are included in
the subsequent analysis.

The two groups are financially disconnected. In the interact and values network
models, the two groups are connected by only two nodes, and even in the other network
models, they are connected by only one articulation node. This suggests that the two
watershed organizations are almost entirely separate in terms of their social relations, par-
ticularly in their financial relationships, where the two groups are completely independent
and separated.

5.1. Network-Level Analysis: Density, Average Degree, and Hierarchy

Table 2 presents the network-level analysis for the nine network models in both groups.
The interact network is the densest network for both Group A and Group B, which is not
surprising, since interaction is a general term for relationships and might encompass
parts of other relationships in this study. Additionally, the interaction network has the
highest average degree for both organizations, because the density and average degree are
proportional to the number of ties if the number of nodes is held constant, as explained in
the previous section. The next-densest networks are aspire for Group A and information for
Group B. It appears that citizen-based group members aspire to work with other members
but may not have many opportunities because the density of co-work relations networks,
such as the labor, financial, ideas, information, and skills networks, are lower than the
aspire network. Conversely, members of Group B use the social network more for collecting
information than for other co-working relationships.

The number of ties in the labor network is less than the number of nodes in Group
B, resulting in an average degree of less than 1. This phenomenon is also observed in the
financial and political networks of both groups, which also exhibit the lowest density. These
results impact the hierarchies of the networks. In a connected network, as the number of
ties approaches the number of nodes, the number of nodes with nonreciprocal reachability
relationships increases, leading to higher hierarchies.
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Political Skills Values

Figure 4. Social network maps of Group A (red circles) and Group B (blue squares).

Table 2. Social network measures of cohesion in watershed group networks.

Network Group A Group B
Type No. of Ties Density g:;:f: Hierarchy  No. of Ties Density g:;:f: Hierarchy
Aspire 201 0.111 4.674 0.757 204 0.025 2.242 0.885
Financial 27 0.015 0.628 1.000 35 0.004 0.385 1.000
Ideas 145 0.080 3.372 0.758 184 0.023 2.022 0.962
Information 144 0.080 3.349 0.747 258 0.032 2.835 0.910
Interaction 257 0.142 5.977 0.724 420 0.051 4.615 0.891
Labor 113 0.063 2.628 0.807 75 0.009 0.824 1.000
Political 25 0.014 0.581 0.921 77 0.009 0.846 0.978
Skills 74 0.041 1.721 0.961 112 0.014 1.231 0.983

Values 188 0.104 4.372 0.712 227 0.028 2.495 0.894
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It is noteworthy that the hierarchy values of the financial network in Group A and
the financial and labor networks in Group B are all 1.000, indicating that the structure of
these networks is completely hierarchical. This shows that there are no pairs of nodes that
are mutually reachable to each other in these networks. This type of network structure
is typically observed in employment relationships, which are characterized by a vertical
hierarchy where employers hire employees, but employees do not typically hire their
employers. Thus, reciprocity tends to be low, and hierarchy tends to be high in such
networks. Therefore, it is logical that the flows of money or labor resources are directed
one way and not the other in both groups.

Comparing the hierarchical structures of the two organizations, a comparative advan-
tage is evident. For every type of network, Group B is more hierarchical than Group A. The
labor network of Group B has a hierarchy value of 1, but the same labor network of Group
A has a hierarchy value of 0.807, which is 19.3% less. On average, the hierarchy value of
Group B is 16.3% higher than that of Group A. Based on these results, we can conclude that
Group B is more hierarchical than Group A, which is not unexpected given that watershed
Group B is more formally structured compared to watershed Group A.

In general, the density values in Group A are higher than those in Group B. Typically,
larger social networks tend to be sparser than smaller social networks because the size
of personal relations is not linearly proportional to the size of the network. However,
the higher density in Group A compared to Group B is not solely due to the size of the
social network. This is because, excluding the labor, political, and skills networks, the
average degree in Group A is generally higher than that in Group B. The cohesion within a
single group can be assessed using the clustering coefficient, which we will revisit in the
node-level analysis part.

5.2. Node-Level Analysis: Clustering Coefficient, Influence, Ego-Networks
5.2.1. Clustering Coefficient

For the clustering coefficient values, the maximum is found in the interact network
(0.539: Group A, 0.233: Group B), and the minimum is found in the financial network (0.049:
Group A, 0.000: Group B) (Table 3). Note that the clustering coefficient of the financial
network in Group B is 0; this implies that there is no tie between any pair of neighbors
for every node in the network. In other words, there is only one flow between any pair of
nodes in the financial network of Group B.

Table 3. Node-level analysis: clustering coefficient.

Network Type Mean Score t-Test .

Group A Group B t Sig.
Aspire 0.461 0.135 5.831 0.000 *
Financial 0.049 0.000 2.966 0.005 *
Ideas 0.374 0.104 4.853 0.000 *
Information 0.309 0.162 2.803 0.007 *
Interact 0.539 0.233 4.927 0.000 *
Labor 0.363 0.049 5.508 0.000 *

Political 0.060 0.042 0.667 0.506
Skills 0.177 0.062 2.853 0.006 *
Values 0.463 0.180 4.358 0.000 *

Note: * t-test is significant at a 95% confidence level.

The clustering coefficient values differ significantly between Group A and B for all
network types except in the case of political networks. These results suggest that the
clusters in Group A networks are generally denser than in Group B networks. The smallest
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difference is 0.115, which is found between the skills networks, and the largest difference
is 0.326, which is found between the aspire networks. We can conclude that Group A
generally exhibits higher cohesion than Group B.

5.2.2. Influence

Group A has the highest influence value of 0.015 in the labor network, while the lowest
value is 0.009 in the information network (Table 4). Although the highest influence value
within Group A is found in the labor network, the metric is still not large, indicating that
the source nodes of labor resources hold more influence compared to the sources in the
other networks. The influence values within the networks of Group B are even lower. The
highest influence value within Group B is 0.009 in the political network, and the lowest is
0.006 in the aspire network. This suggests that the source nodes of political power in Group
B hold more influence than those in the other networks.

Table 4. Node-level analysis: influence.

Mean Score t-Test
Network Type -
Group A Group B t Sig.
Aspire 0.013 0.006 3.689 0.001 *
Financial 0.011 0.006 1.374 0.175
Ideas 0.011 0.007 2.395 0.020 *
Information 0.009 0.007 1.060 0.291
Interact 0.010 0.007 1.654 0.103
Labor 0.015 0.005 4.338 0.000 *
Political 0.006 0.009 —1.042 0.300
Skills 0.010 0.007 1.311 0.195
Values 0.011 0.006 3.086 0.003 *

Note: * t-test is significant at a 95% confidence level.

The influence values differ significantly between Group A and B for the aspire, ideas,
labor, and values networks. For these networks, the influence values for Group A are
significantly higher than those for Group B. This suggests that the members within Group
A have a higher overall ability to influence the other nodes compared to the nodes in Group
B concerning collaboration, idea and value sharing, and labor support. In short, members
holding central positions in the citizen-based organization are generally more significant or
influential than those in the agency-based organization.

5.2.3. Ego Network: Density and Effective Size

The network with the highest ego-density value in Group A is the values network,
while in Group B, the interact network has the highest ego-density value (Table 5). The
structural difference in these networks that leads to this contrast lies in their density
values around the egos. For example, networks with more leaf nodes tend to have higher
ego-density values compared to networks with fewer leaf nodes. This is because in ego
networks (the subnetworks centered around a specific node), each leaf node is connected
to the ego node, resulting in a denser ego network.

The value of ego density in the financial network of Group B is zero, for the same
reason as in the clustering coefficient case. This is because no direct financial relationship
exists among alters in any ego network. An ego-density of 0 signifies that the ego network
centered around a particular node is entirely isolated or has no connections with other
nodes. In other words, there are no relationships formed between that node and any other
node, or no ego network has been constructed around that node. This indicates that the
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node is relatively isolated or lacks connections within the network. When ego-density is 0,
it suggests that the node holds minimal importance within the network.

Table 5. Node-level analysis: ego-density.

Mean Score t-Test
Network Type

Group A Group B t Sig.
Aspire 0.518 0.213 4.767 0.000 *
Financial 0.061 0.000 2.451 0.020 *
Ideas 0.484 0.154 4.774 0.000 *
Information 0.414 0.220 2.941 0.005 *
Interact 0.556 0.325 3.355 0.001 *
Labor 0.040 0.047 5.764 0.000 *

Political 0.065 0.058 0.187 0.852

Skills 0.148 0.072 1.849 0.069
Values 0.589 0.276 4.230 0.000 *

Note: * t-test is significant at a 95% confidence level.

For all network types except the political and skills networks, significant differences
exist in the ego density values between Groups A and B. Specifically, all the networks of
Group A, except the political and skills networks, are denser than Group B in terms of
ego networks. This signifies that the nodes within Group A, on average, possess more
connections and form tighter social network relationships. In other words, the members
of Group A tend to share more information and collaborate more closely with each other,
resulting in a higher degree of interconnectivity within the network. This implies that Group
A exhibits greater cohesion and cooperation levels within itself compared to Group B.

The ego-effective sizes in the Group A networks varied from 0.440 (financial network)
to 1.955 (interact network) (Table 6). The effective ego sizes in the Group B networks vary
from 0.385 (financial network) to 3.191 (interact network). The redundancies in the financial
networks are expected to be low, as we can infer from the ego-density values, but their
effective sizes are also small due to their small ego networks. On the other hand, because
the ego networks in the interact networks are sufficiently large, their effective sizes are
also large. However, the interact networks exhibit higher redundancies compared to the
financial networks.

Table 6. Node-level analysis: ego-effective size.

Network Type Mean Score t-Test .
Group A Group B t Sig.
Aspire 1.894 1.711 0.556 0.579
Financial 0.440 0.385 0.361 0.719
Ideas 1.517 1.559 —0.124 0.901
Information 1.689 2111 —1.013 0.313
Interact 1.955 3.191 —2.550 0.012 %
Labor 1.326 0.711 2.562 0.012*
Political 0.466 0.738 —1.550 0.124
Skills 0.969 1.064 —-0.321 0.749
Values 1.539 1.850 —0.933 0.353

Note: * t-test is significant at a 95% confidence level.
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Significant differences in the ego-effective sizes between Groups A and B are observed
only in the interact and labor networks. Moreover, in the interact network, the effective
size of Group B is larger, whereas in the labor network, Group A exhibits a greater effective
size. Consequently, overall, it can be said that there is no statistically significant difference
in effective size between Group A and Group B. This implies that there is no significant
distinction in terms of the size or importance of ego networks between these two groups.
In other words, there is not a substantial difference in the network structures or centrality
aspects between these groups.

In the two groups we analyzed, only one articulation node was identified. The absence
of this node would lead to a disconnection between the two groups. This sole node was
shown in Figure 2 to be the only path for information and resource flow between the groups,
which is further corroborated in the following table.

Table 7 illustrates the rank of this articulation node in terms of its structural hole and
centrality values. In all the networks except the financial network, this articulation node
ranks at or near the top in terms of structural hole (Ego-effective size), degree centrality,
closeness centrality, and betweenness centrality. While this node occupies a central position
as a key intermediary in the flow of information and resources, it also poses a bottleneck
risk. If this node is removed, the overall network’s effectiveness and efficiency could
be diminished until another node assumes its functions. Therefore, the stability and
reliability of this node significantly impact the overall resilience and vulnerability of the
network. These findings suggest the need to strengthen the network structure of watershed
management groups in the Hudson River area and to fortify the roles of other nodes to
reduce dependence on this articulation node. Specifically, strategies to diversify information
flow pathways and distribute the load across key nodes, thereby enhancing the network’s
resilience, may be required.

Table 7. Structural hole and centrality of the articulation node.

Ego-Effective Size Degree Centrality Closeness Centrality Betweem}ess
Network Type Centrality

Value Rank Value Rank Value Rank Value Rank

Aspire 12.4688 1 0.1221 1 1.3254 1 0.1147 1

Financial 1.0000 15 0.0076 17 2.8750 25 0.0000 17

Ideas 12.3333 1 0.1145 1 1.3964 1 0.1094 1

Information 16.0250 1 0.1527 1 1.4167 1 0.1201 1

Interact 17.5435 1 0.1756 1 1.2373 1 0.1255 1

Labor 5.3333 3 0.0458 4 1.8708 1 0.0595 1

Political 4.0000 1 0.0305 2 1.5394 4 0.0342 1

Skills 5.3333 4 0.0458 7 1.4644 1 0.0629 1

Values 10.1538 1 0.0992 1 1.3121 1 0.1086 1

We propose a hypothetical scenario that introduces arbitrary relationships into the
network to disperse the functions of the articulation node. However, to avoid redundancy
in analyzing every network type, we focus on the aspire network, which exhibits the
most significant differences in clustering coefficients and influence values between the two
groups, along with the highest number of ties.

In this scenario, we selected the top five nodes with the highest influence from each
group and created a fully connected subnetwork among them. The subsequent changes in
the structural holes and centrality values are described below.

Table 8 shows how the top five structural hole and centrality values shift between
the original and hypothetical networks. The results indicate that other nodes can become
connectors between the two groups, effectively replacing the role of the articulation node.
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Table 8. Changes in structural holes and centralities of connector nodes.
y Ego-Effective Size Degree Centrality Closeness Centrality Betweenness Centrality
Top Ranks
P Original Modified Original Modified Original Modified Original Modified
1 12.47 * 13.05 0.12* 0.13 1.33* 1.33 0.11* 0.05
2 7.79 12.59 0.10 0.13 1.12 1.22 0.02 0.04*
3 7.70 12.47 * 0.09 0.12* 1.07 1.22 0.01 0.02
4 6.69 12.23 0.08 0.11 1.04 1.21* 0.01 0.02
5 6.06 11.46 0.08 0.11 1.04 1.20 0.01 0.02

Note: * Values of the articulation node.

6. Conclusions

This study embarked on an innovative exploration of social networks within two dis-
tinct watershed groups: citizen-based and agency-based. Our findings reveal the intricate
dynamics of these groups’ operations and interactions within their networks. One of the
most significant findings was the identification of a key node or individual serving as the
articulation node connecting the two groups. The articulation node, while holding a central
position as a key connector in the flow of information and resources, also poses as a source
of a bottleneck. Its absence impacts the overall effectiveness and efficiency of the network
until an alternative node can replace its function, highlighting the need for replaceable
nodes. This study demonstrates through a hypothetical scenario that introducing connec-
tor nodes between the citizen-based group and the agency-based group can improve the
network’s overall effectiveness, resilience, and vulnerability.

Interestingly, our analysis also revealed that the citizen-based organization exhibits
denser and more cohesive networks compared to its agency-based counterparts, and the
agency-based organization shows more hierarchical networks. This suggests that the citizen-
based organization may have more robust relationships, providing them with greater
resilience and adaptability. The participants from the citizen-based group emphasized the
importance of community engagement and grassroots initiatives [62], but the members of
the agency-based group highlighted the role of structured processes and resource allocation,
echoing the focus on clear policy guidelines and inter-agency cooperation [63]. However,
it is evident that the networks of the two groups in this study are largely independent,
indicating untapped potential for increased collaboration and integration. This isolation
restricts the flow of critical information and resources, potentially hindering comprehensive
environmental efforts. Imperial [64] highlights the value of collaborative governance in
watershed management, suggesting that bridging these gaps and fostering cross-group
collaborations can leverage the unique strengths and resources of each group for more
effective management. In addition, as emphasized by ref. [65], collaboration among key
actors within a group is also essential for effective watershed management. This dual
focus on collaboration not only fortifies internal group dynamics but also bridges the gap
between different groups, thereby enhancing overall efficacy and resource management in
watershed initiatives.

We discovered that effective communication among a few well-connected individuals
(e.g., those with high influence values) within each group can enhance the effectiveness
of these networks. By understanding the nuances of social networks in these groups,
policymakers and practitioners can develop more targeted and collaborative approaches to
conservation and management. For example, they could consider the following strategies:
(1) fostering targeted communication initiatives that leverage the influential roles of key
individuals in social networks; (2) developing collaborative frameworks that bridge citizen-
based and agency-based groups, utilizing their unique strengths; (3) implementing training
programs to enhance the skills of individuals in managing and participating in effective
social networks. These approaches, informed by an understanding of social network
dynamics, can improve conservation and management efforts in watershed groups.
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While this study provides valuable insights, it is essential to acknowledge its limita-
tions. The findings are based on an examination of only two organizations and may not be
readily applicable to other watershed groups in other areas. Therefore, these results should
be interpreted as a detailed case study rather than a comprehensive overview of all such
organizations. Additionally, while the response rates were high, particularly for Group A,
the sample size of 43 members in Group A and 91 in Group B may not fully represent the
diversity and range of perspectives within each type of watershed group. This limitation is
further compounded by the study’s focus on only two organizations, indicating a need for
caution in generalizing the findings to broader contexts.

Future research should expand on this initial inquiry by incorporating a broader
range of watershed groups, encompassing different sizes, geographical locations, and
organizational structures, to validate these findings. Additionally, further studies could
delve into the roles of individual nodes within different types of networks and how these
roles might evolve over time, particularly in response to environmental or policy changes.
Furthermore, future research would benefit from exploring how many nodes should fulfill
the role of the connectors and which specific nodes from both groups should be connected
to these connector nodes to maximize effectiveness and efficiency.

Our study illustrates the intricate dynamics of social networks within watershed
groups and underscores the significance of individual actors and relationship-building
within these ecosystems. As the first study to compare social networks among different
types of watershed groups, this research lays the foundation for future studies aimed at
optimizing the effectiveness of community-based watershed management.
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Appendix A

Table Al. Survey question list.

Hudson Watershed Groups Survey

1. Overall, how would you rate the water quality in your watershed?

2. How much of an impact do you believe each of the following is having on water quality in your watershed?

3. Which three items from the above list are most threatening to your water quality?

4. Where do you get your information from regarding the issues in the above list?

5. To what extent do you agree or disagree that the watershed organization that you are involved with has accomplished
the following?

6. What do you think would increase your group’s effectiveness in the coming year?

7. Below is a list of activities a watershed group might pursue. In which areas do you feel the group has been most effective?

8. What barriers does your watershed group face that prevent it from being more effective?

9. If lack of participation is an issue for your group, why do you feel that there is not greater involvement from members
or volunteers?

10. For each of the groups in the list below, please indicate those with whom you interact and the nature of your relationship that
apply. Please leave your own organization blank.
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Table Al. Cont.

Hudson Watershed Groups Survey

11. For each of the groups in the list below, please indicate those with whom you interact and the nature of your relationship that
apply. (Continued from previous)

12. From the list below, who would you like to work with or collaborate with in the future? Please check all that apply.

13. Do you participate with the Group A in some capacity? If so, answer ‘yes’. If no, please select 'no’.

14. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. Please leave yourself blank.

15. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. (Continued from previous)

16. What activities would you like the Group A to engage in during the coming year? Please select all that apply.

17. What environmental issue(s) influenced your group or organization to originally form? (Please check all that apply)

18. How important were the following reasons for why your watershed group formed?

19. How many people typically volunteer to help for a project event?

20. How many people typically attend scheduled general meetings?

21. How would you best describe the composition of your watershed group or organization?

22. With whom would you like to work over the coming year?

23. What best describes your role within the Group A?

24. About how many members does your group or organization have in the following categories?

25. What was the maximum number of paid full-time staff in your organization in 2009? (More than 37 h per week)

26. What was the maximum number of paid part-time staff in your organization in 2009? (Less than 37 h per week)

27. For each question below indicate the status of your organization as of 2009.

28. What is the annual budget of your watershed group or organization (US$)?

29. In terms of a written watershed plan, please indicate the stage your group is currently in.

30. Do you participate with the Group B in some capacity? If so, answer ‘yes’. If no, please select ‘no’.

31. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. Please yourself blank.

32. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. (Continued from previous)

33. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. (Continued from previous)

34. For each of the individuals in the following list, please indicate if you have interacted with them in some capacity of your
relationship. Please check all that apply. (Continued from previous)

35. What activities would you like the Group B to engage in during the coming year? Please select all that apply.

36. In what year was your group or organization formed?

37. What environmental issue(s) influenced your group or organization to originally form? (Please check all that apply)

38. How important were the following reasons for why your watershed groups formed?

39. How many people typically volunteer to help for a project event?

40. How many people typically attend scheduled general meetings?

41. About how many members does your group or organization have in the following categories?

42. With whom would you like to work over the coming year?

43. What is your role within the Group B?

44. What was the maximum number of paid full-time staff in your organization in 2009? (More than 37 h per week)

45. What was the maximum number of paid part-time staff in your organization in 2009? (Less than 37 h per week)

46. For each question below indicate the status of your organization as of 2009.

47. How would you best describe the composition of your watershed group or organization?

48. What is the annual budget of your watershed group or organization (US$)?

49. In terms of a written watershed plan, please indicate the stage your group is currently in.

50. Which best describes your involvement in water conservation and stewardship?

51. In what capacity, if any, are you involved in stream conservation?

52. Do you feel that you can make a difference in your area of work, related to conservation and/or water stewardship?




Water 2024, 16, 111 18 of 23

Table Al. Cont.

Hudson Watershed Groups Survey

53. How much do you personally initiate network building or collaboration?

54. How strong are your network building or collaboration skills?

55. How would you characterize the organization that you work for? Please select all that apply.

56. What is your gender?

57. In what year were you born?

58. What is the highest educational level you have achieved?

59. How would you define your race or ethnicity? Please select all categories that apply to you.

60. What best characterizes your household income US$?

Notes: This survey was conducted in 2010. A full version of the survey with its response categories is available
upon request.

Figure A2. Financial network.
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Figure A3. Ideas network.
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Figure A4. Information network.

Figure A5. Interact network.
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Figure A6. Labor network.

Figure A7. Political network.
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Figure A8. Skills network.
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Figure A9. Values network.
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