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Abstract: Climate change is a significant challenge for policy makers, planners and communities.
While adaptation responses are generally recognised to be place-based, policy processes on adapta-
tion often reside with central (state or national) governments that may be remote from regional
communities. In this paper, we contribute to the literature regarding how diverse regional commu-
nities engage with planning and policy for climate adaptation, which is important for successful
implementation. We adopt a social network analysis (SNA) approach that enables an exploration of
the interaction of community networks with policy information. There are limited empirical studies
of information sharing about climate adaptation policy through community knowledge networks.
One previous study, located in coastal New South Wales, Australia, mapped the community’s
knowledge acquisition and diffusion to reveal the underlying network structures that influenced
policy engagement pathways. However, further studies are needed to determine how the features
of community networks may change with local context (e.g., coastal versus inland). This paper ex-
tends previous studies to compare and contrast adaptation knowledge networks in three NSW com-
munities: Shoalhaven (the original coastal study site), Bega (coastal) and Orange (inland). Findings
suggest that the presence of a natural resource-dependent industry, local geographies and boundary
spanners acting as network knowledge brokers are factors influencing community knowledge
flows. The work further demonstrates the utility of SNA to measure knowledge networks that can
inform government engagement and communication with communities on climate adaptation pol-

1cy.
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1. Introduction

Climate change is a significant challenge for policy makers and planners that mani-
fests through a range of impacts on government services, businesses and communities [1,
2]. The governance of climate change is complex, operating formally and informally at
multiple levels across society (international, national, province/state and local) with a ten-
dency to separate and isolate mitigation and adaptation responses at national and sub-
national levels, respectively [3]. Climate change adaptation, that is, action to reduce the
harm caused by the impacts of climate change, is needed to cope with existing changes in
the climate system that are locked in from previous emissions of greenhouse gasses [4].
Community adaptation is not static; rather, it is a continuous, dynamic and scalable pro-
cess with adaptation responses generally recognised to be place-based. Adaptation deci-
sions are made on a daily basis by individuals, households, organisations and businesses
(e.g., travel modes, recycling and consumption options) [5]. Furthermore, adaptations
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may be either intentional or autonomous [6] and are uniquely influenced by local context
[7, 8]. These factors require close engagement with communities in developing formal
policy responses. However, formal adaptation policy decisions often remain entrenched
within the central government and may be remote from the regional issues they seek to
address [9]. This situation may be problematical for policy makers, as their reach into local
networks is limited [10], rendering grassroots action by communities, which might help
inform policy development, largely opaque.

A key challenge for engaging local communities in climate adaptation is that policy
makers have limited understanding of the ways that communities share and convey cli-
mate knowledge among themselves [11]. Empirical evidence is limited about the success
of outcomes from climate adaptation [12]; however, previous research suggests that cli-
mate adaptation networks are important to adaptation outcomes, albeit difficult to iden-
tify [13]. This may be due to the influence of shadow systems or informal networks often
at play within adapting communities [14]. Although it can be difficult to ascertain how
adaptation information is being shared within communities, there are approaches, such
as social network analysis (SNA), that may allow these knowledge flows to be uncovered
[11, 13], which in turn may inform interventions to further enhance knowledge flows [15,
16]. The community structures engaged in adaptation may be understood more deeply by
uncovering the underlying social networks that are activated around particular issues,
one of the most important being climate change.

This paper reports research to understand the interaction between the formal and
informal adaptation knowledge networks in three regional communities in NSW. Here,
we define formal networks as connections to government and formal structures relating
to climate change adaptation policy (e.g., IPCC and research organizations); informal net-
works are connections with non-government organisations, community-based organisa-
tions and media (e.g., television, newspapers and social media). We build on earlier re-
search conducted on this topic that demonstrated the utility of social network analysis for
identifying the underlying structures that influence community engagement pathways
when communicating about climate change [11]. In doing so, the paper addresses the need
for more empirical examples of social networks within the adaptation space [17, 13].

2. Materials and Methods

We used social network analysis (SNA) to reveal knowledge network structures and
identify the elements of these networks influencing community knowledge flows about
climate adaptation. The research was co-designed with policy makers, climate adaptation
staff from the New South Wales Office of Environment and Heritage (NSW OEH), who
were interested in understanding how to engage more effectively with local communities
at risk from climate impacts. We adopted a co-design approach because it is potentially
transformative and incorporates an in-depth, reflexive learning process in situ between
policy makers and researchers [18]. This was a novel approach that could inform future
work, and the methodology could be replicated. This is demonstrated in this synthesis
paper as the findings follow on from the first study in Shoalhaven (see previous outputs
from first case study [11]). This section provides contextual details relating to the case
study sites and wider region, followed by a brief introduction and description of the social
network analysis (SNA) approach employed in the research.

2.1. Case Study Sites and Context

In accordance with the co-design approach to research, three regions were jointly
selected by the research team with government research partners: Shoalhaven, Bega Val-
ley and Orange. These regions, each within the State of NSW were selected due to their
ability to provide an appropriate level of comparison and contrasting characteristics that
may inform future policy development in the state. These three regions are geographically
diverse and vary in their exposure to climate change impacts [19], with the first two being
coastal and the final case study an inland location (Figure 1). Table 1 provides an overview
of the characteristics of these regions.
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Figure 1. Geographical locations of three case studies in New South Wales, Australia.
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2.1.1. Shoalhaven Region

Shoalhaven Local Government Area (LGA) (similar to a county in USA or a munici-
pality in Europe) is located approximately 160km south of Sydney on the south coast of
New South Wales, Australia (see Figure 1) [20]. Shoalhaven is a dispersed region spread
over 125km of coastline with the vast majority of its population located in the north east
around town centres of Nowra, Jervis Bay and Sussex Inlet [20]. The region is a growing
residential and tourist area, encompassing approximately 4531km?, including substantial
areas of national park, state forest, bushland, beaches and lakes [20]. Most of the popula-
tion is concentrated along the coastal fringe, in major centres and numerous small settle-
ments. Rural land is used primarily for dairy farming, beef cattle, nurseries and a growing
number of more intensive agri-food activities, some near the coast, including fishing and
oyster farming. The area has a strong manufacturing base, including goods such as paper,
starches, ethanol, cheese, boats, avionics and building products [20]. The main sectors of
employment within the region are manufacturing, government (including defence), retail
and tourism [20]. These sectors are supported by building and construction, community
services and education [20]. The region also has a strong cultural history with links to
indigenous communities, i.e., the Wodi Wodi and Wandandian Aboriginal people, who
have inhabited the region since before European settlement.

Table 1. Overview of each region.

Shoalhaven Bega Valley Orange
. Wodi Wodi and Wandan- Yuin-Monaro Ab- Wiradjuri Aboriginal
First people ) o o
dian Aboriginal people original people people
Population ~98,000 ~35,000 ~40,000
. State and federal gov-
Local Industries Dairy farming Dairy farming

ernment administration

Mining and services to

Beef farming Beef farming .
mining
Nurseries Timber Hospitality
Manufacturing Fishing Tourism
Tourism Oyster harvesting Retail

Oyster harvesting Tourism Service Sector
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o Coastal storms Coastal storms Loss of cold nights
Most significant o ) o ) . .
. i Riverine flooding Riverine flooding Variable rainfall
climate impacts . . o
Bushfires Bushfires Rising temperatures

2.1.2. Bega

The Bega Valley Shire, referred to as Bega hereafter, (also known as the Sapphire
Coast) is located on the far south coast of New South Wales, Australia (see Figure 1). The
region is located approximately 350km south of Sydney, 430 km north east of Melbourne
and 170km south east of Canberra; the region is home to the Yuin-Monaro people, with
the term Bega being a derivative of the local Aboriginal term for “big camping ground”
[21, 22]. European settlement in the region dates from the 1830s, with the land being used
primarily for beef and dairy cattle as well as sheep farming and whaling in coastal areas
[22]. By the 1860s, dairy had become the primary industry, and the coastal town of Tathra
was used as the primary port; today, the region remains a primary dairy producer, with
Bega Cheese, manufactured by the Bega Cooperative Society Limited, being distributed
across Australia and worldwide. Almost 75% of the shire’s 6277 km? is protected National
Park or State Forest [21].

2.1.3. Orange

The town of Orange is located in the New South Wales Central Tablelands, approxi-
mately 270 km north of Canberra and 260 km west of Sydney (See Figure 1). Orange region
covers an area of approximately 285km?, of which 90% is rural land [23]. While wheat
growing was the primary agricultural land use post European settlement, there are a num-
ber of orchards and wineries which utilise the region’s cool temperate climate and rich
soils [24]. Orange is a fruit growing district producing apples, pears and other stone fruits
such as cherries, peaches, apricots and plums. The growth of the wine industry along with
the development of Orange as a gourmet food region has ensured its status as a prominent
tourism destination [25]. In addition to the agricultural industries, there is a large open
cut gold and copper mine located approximately 25km south of Orange called the Cadia-
Ridgeway Mine [26]. The region also has a strong cultural history with links to the Wirad-
juri Aboriginal people who inhabited the region prior to European settlement in the early
1820s [24].

2.2. Projected Climate Changes for SE NSW

The projected climate changes for these regions include increases in maximum and
minimum temperatures, rainfall distribution changes and increased fire risk. Average
warming varies regionally, with Shoalhaven projected to increase on average by 0.6 °C in
the near future (2020-2039) and 1.9 °C in the far future (2060-2079); Bega is projected to
increase on average by 0.6 °C in the near future (2020-2039) and 2 °C in the far future
(2060-2079); Orange is projected to increase on average by 0.7 °C in the near future (2020-
2039) and 2.1 °C in the far future (2060-2079). For detailed climate change assessments for
each of these regions, please refer to the reports [27-29].

2.3. A Mixed Method Approach

The study used a mixed methods approach involving both quantitative and qualita-
tive data gathering. This particular study was not an information needs analysis; rather,
it was an investigative enquiry to uncover where participants currently access and share
climate adaptation-related information. The quantitative component of the research used
social network analysis (SNA) to uncover the shadow networks [14] and map the formal
and informal social networks in the three regions. Two social networks were mapped in
each of the three regions. The two networks related to the following questions “where do
participants access climate adaptation information?” (access network) and “with whom do
they share their information?” (share network). For more information on the social net-
work analysis, see the following [15, 30-32]. A snowball sampling technique to recruit
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participants was used to ensure that the most appropriate people were identified for in-
terviews [15]. Our initial scoping phase involved a desktop review of the region to identify
a cross-section of the community to ensure participants represented a mix of stakeholders
from government, industry, non-government organisations and the broader community.
Identifying characteristics of individuals such as gender, levels of education, numbers of
children and religion were not included within the snowball sampling process. A table
outlining the inclusion of participants in either formal or informal networks is shown be-
low (additional demographic information is available in previously published reports [27-
29]).
Table 2. Association of participants with formal or informal networks.
Number of Formal Net- Number of Informal  Total Number of

Case Study work Participants =~ Network Participants Participants
Shoalhaven 12 12 24
Bega 9 22 31
Orange 15 16 31

Responses to questions on accessing and sharing were used to formulate affiliation
and attribute data sheets resulting in six discrete networks. Responses used for attribute
data included demographic information such as name, gender, location and association
(e.g., employment and community organisation membership). All identified entities (e.g.,
individuals, websites and newspapers) became individual nodes and were used to create
directed symmetric matrices that were then analysed using specific network measures.
Specifically, we used UCINet and Keyplayer software programs to undertake the SNA
(Borgatti, Everett et al. 2002, Borgatti 2006). Network cohesion values were calculated for
each network including the metrics of average degree, average distance, closure, compo-
nents, density, diameter and fragmentation. A brief explanation of common network
terms as well as the definitions of the network cohesion measures is provided in Table 3.
These measures were selected because they pertained specifically to the research ques-
tions; for example, a network with higher levels of cohesion may makes it easier to share
information through that network. A series of sociograms depicting the networks was
made using UCInet’s Netdraw software [15]. The figure layout is constrained by Euclid-
ean distance, hence the more central nodes appear at the centre of the image, and nodes
that have similar connections are closer to each other.

Table 3. Definitions of common network terms and description of network cohesion measures.

Common Terms Definition
Any entity within the network. This includes all participants and all
Node nominated information sources
Tie Every connection between nodes is represented by a tie
In-degree The number of incoming ties
Out-degree The number of outgoing ties

Network cohesion ) ..
Brief description

measure
Average degree The average number of ties attributed to each node
Average distance The average geodesic distance amongst reachable pairs
Closure Measure of the completeness of relational triads
Components The number of cliques
Density The number of ties divided by the maximum number possible
Diameter The length of the longest geodesic across the network

Fragmentation The proportion of pairs of nodes that are unreachable
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For the qualitative component, semi-structured interviews with purposive snowball
sampling were conducted with a cross-section of the community. These included formal
(federal government, state government, local government, research centres) and informal
groups (non-government organisations (NGO), industry and community-based organisa-
tions (CBO). The dates of data collection and numbers of formal and informal interview-
ees in each location are shown in Table 4. Upon participants’ written consent, interviews
were audio recorded, transcribed and imported into NVivo for coding and thematic anal-
ysis. The project generated a large amount of qualitative data. This paper will focus pri-
marily on the quantitative SNA while being supplemented by the findings from the semi-
structured interviews. For more information regarding the full interviews, including the
coding of all content, please refer to the published project reports [23, 33, 34]. In broad
terms, the interviews explored: i). perceptions of climate change and adaptation; ii). com-
munity concerns and personal experiences; iii). roles and responsibility for adaptation pol-
icy; iv). adequacy and usefulness of information and community engagement processes;
v). types of information that interests people the most; vi). potential changes people have
made to improve liveability and business efficiency under changing climatic conditions.

As the three case studies were undertaken over the course of two years, with data
collected at different time periods, only general comparisons about the structure and func-
tion of the regional networks are possible. In addition, there is a range of information that
was collected through the semi-structured interviews that provided context for each of
the locations. Although this is not expanded upon in detail here, findings from the quali-
tative analysis from interviews may be found in each of the respective reports [23, 33, 34].
Within this paper, key elements are extrapolated with a focus on synthesis. These ele-
ments revolve around the narratives of place and the primary industries that operate
within these sites and will be outlined within the discussion.

3. Results
3.1. Access Information Results
3.1.1. Shoalhaven

In total, the 24 participants interviewed in the Shoalhaven study reported a total of
165 entities from which they obtained their climate adaptation information (inclusive of
the participants themselves). Of these, 12 were international entities, 45 government enti-
ties (either local, state or federal), 14 non-government organisations, 25 community-based
organisations, 23 mass media entities (e.g., TV, radio or newspaper), 12 mass communi-
cation channels (e.g., internet or mobile), five social media outlets, six research organisa-
tions and 16 other entities, such as individual community members. Figure 2a shows the
climate information access network, and Table 4 shows the network and node statistics.
Nodes are coded for affiliation by colour, for degree by size and shape for gender. When
analysing the cohesion of this network, the average degree of each node was 2.558, with
an average distance or reach for each node of 4.417. This means that on average, each node
had ties to 2.5 alternate nodes, and through these alters could reach up to a further 4.4
alters. There was only one component in this network which had a diameter of 9 (diameter
meaning that it took only nine nodes to make a path through the main component of the
network) with a degree of closure of 0.15 (for full cohesion measures see Table 5).

Further analysis of the access network using Keyplayer software [35] revealed that
although individuals gathered information from other sources, such as personal weather
stations, websites and reports, the three nodes of the Bureau of Meteorology, ABC Radio
and the Sydney Morning Herald (newspaper) could access over three quarters of the en-
tire network with a reach of 84.2% (see Table 6).
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3.1.2. Bega

In total, the 29 participants interviewed in this study reported a total of 175 entities
from which they obtained their climate adaptation information (inclusive of the partici-
pants themselves). Of these, one was an international entity, 44 were government entities
(either local, state or federal), 24 non-government organisations (NGOs), 22 community-
based organisations (CBOs), 28 mass media entities (e.g., TV, radio or newspaper), 19
mass communication channels (e.g., internet or mobile), 26 social media outlets, eight re-
search organisations and three other entities, such as individual community members
(Figure 2c and Table 4).

When analysing the cohesion of this network, the average degree of each node was
1.320, with an average distance or reach for each node of 1.392. This means that on aver-
age, each node had ties to 1.3 alternate nodes, and through these connections could reach
up to a further 1.4 nodes. There were 175 components and 0.989 fragmentation in this
network, which had a diameter of 4 (meaning that it took only four nodes to make a path
through the large component of the network) with a degree of closure of 0.63 (Table 5).
Further exploration of the data through Keyplayer demonstrated there were three key
nodes in each scenario, as outlined in Table 6. The key nodes were #2—the CSIRO, #7—
the internet and #23— ABC news. This analysis indicates that although individuals may
gather information from other sources, such as personal weather stations, websites and
reports, these three key nodes could reach three quarters of the network with a reach of
77.7%.

3.1.3. Orange

In total, the 31 participants interviewed obtained climate change information from
212 nodes (including the participants themselves). Of these sources, one was an interna-
tional entity, 48 were government entities (including federal, state and local government),
17 non-government organisations (NGOs), 27 community-based organisations (CBOs), 33
mass media (TV, radio or newspaper), 22 mass communication channels (e.g., internet or
mobile), nine social media (e.g., twitter), 30 research organisations and 25 other (Figure 2e
and Table 4).

For this network, the average degree of each node was 1.3, with an average distance
or reach for each node of 1.5. This means that on average, each node had ties to 1.3 alter-
nate nodes, and through these connections could reach up to a further 1.5 nodes. The net-
work was highly fragmented with 212 components and 0.99 degrees of fragmentation;
however, this network also had a diameter of 3 (that is, it took only three nodes to make
a path through the network) with a degree of closure of 0.1 (for full cohesion measures,
please see Table 5). The key nodes were #I117—CBO, #]122—state government and #I30—
state government (Table 6), and they could reach approximately 35% of the network.

3.2. Disseminating Climate Information
3.2.1. Shoalhaven

While participants accessed information from a range of sources, including the three
key nodes in each access network listed above, they disseminate their knowledge in more
dense clusters. In particular, interviewees primarily shared information only within their
local professional and often geographical group. The 24 participants reported a total of
194 entities with which they shared climate information (inclusive of participants them-
selves). Of these, none were international entities; 47 were federal, state or local govern-
ment entities; 15 were non-governments organisations; 79 were community-based organ-
isations and members; six were mass media (e.g., tv, radio or newspaper); seven were
mass communication channels (e.g., internet or mobile); five were social media; and three
were research centres. In addition, there were 32 other entities, such as individuals, friends
and neighbours. Figure 2b shows the climate information share network. The average de-
gree of each node in this network was 1.990, with an average distance or reach for each
node of 4.249. This network was far more fractious than the information access network
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(Figure 2a and Table 4), with seven components with a fragmentation factor of 0.449. The
main component had a diameter of 7 with a degree of closure of 0.007 (for full cohesion
measures, please see Table 5). Further analysis of the share network using Keyplayer soft-
ware revealed that the local radio station (#6) along with two key individuals (#26, 54)
could reach approximately 70% of the entire network (see Table 6). The key nodes with
the longest reach were those who communicated information to government in addition
to community-based organisations.

3.2.2. Bega

As well as accessing climate information from a diverse range of sources, participants
also disseminated their knowledge broadly. The 29 participants reported a total of 209
entities with which they shared climate information (inclusive of participants themselves).
Of these, 47 were federal, state or local government entities; 51 were NGOs; 77 were CBOs
and members; nine were mass media (e.g., tv, radio or newspaper); one was a mass com-
munication channel (e.g., internet or mobile); eight were social media; and one was a re-
search centre (Table 4). In comparison to the network relating to the access of information,
there were no international entities identified in the share network. In addition, there were
16 other entities in the share network, such as individuals, friends and neighbours. Figure
2d shows the entire climate information disseminating network with Table 4 denoting
network and node statistics. Analyses of the network measures show that the average
degree of each node was 1.2, with an average distance of 1.4. This network was more frac-
tious compared to the information access network, with 209 components with a fragmen-
tation factor of 0.991. The diameter, however, decreased from 4 to 3, indicating there may
be hubs working in the network (for full cohesions measures, please see Table 5).

The Keyplayer analysis demonstrated that three key nodes were effective in dissem-
inating climate information to 79.5% of the network. These nodes included two individu-
als: #121 —state government Local Land Services (LLS) and #128 —CBO. The third key node
was an aggregated informal node of “friends” #P76 as reported by a number of partici-
pants (see Table 6).

3.2.3. Orange

In total, the 31 participants interviewed in this study shared climate change infor-
mation with 205 nodes (including the participants themselves). Of these, there were no
international entities, 84 government nodes, 28 non-government organisations (NGOs),
42 community-based organisations (CBOs), five mass media (tv, radio or newspaper),
three mass communication channels (e.g., internet or mobile), one social media (e.g., twit-
ter), 18 research organisations and 24 others.

For this network, the average degree of each node was 1.1, with an average distance
or reach for each node of 2.6. In common with the other regions, this network was more
fractious compared to the information access network (Figure 2f and Table 5), with 205
components with a fragmentation factor of 0.9. The main component of the network had
a diameter of 8 (meaning it would take 8 steps to make a path through this network) with
a degree of closure of 0.1 (Table 5). Within this network, there are instances where inter-
viewees shared with nodes that were not connected to other parts of the network, creating
small, isolated components within the network.

Keyplayer analysis demonstrated that three key nodes were the most effective in dis-
seminating climate information: #I128—state government, #112—NGO and node #I117—
CBO. These three key nodes reached approximately 50% of the share network. See table
6.
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Table 4. Case study and node statistics.
Shoalhaven Bega Orange
Research Undertaken Mar-Apr 2014 Oct-Nov 2014 Noz\:)—1]53ec
. N =31 (29 partici-
S le S N=24 N=31
amp'e S1ze pated in SNA)
Access Share  Access Share Access Share
Network size 165 194 175 209 212 205
Node types
International 12 0 1 0 1 0
Federal, state and local government 45 47 44 47 48 84
Non-government organisations 14 15 24 51 17 28
Community-based organisations 25 79 22 77 27 42
ia ch Is (e.g.
Mass media channels (e.g., tv, 23 6 )8 9 13 5
newspaper)
Mass communication channels
. 12 7 19 1 22 3
(e.g., internet)
Social media 5 5 26 9 1
Research organisations 6 3 8 1 30 18
Total formal nodes 77 65 77 99 96 130
Total informal nodes 82 129 98 111 116 75
Table 5. UCInet cohesion statistics.
ACCESS SHARE
Shoalhaven Bega Orange Shoalhaven Bega Orange
Average degree 2.558 1.320 1316 1.99 1.257  1.185
Density 0.016 0.008  0.006 0.015 0.006  0.006
Components 1 175 212 7 209 198
Component ratio 0 1 1 0.031 0.995  0.966
Fragmentation 0 0.989  0.990 0.449 0991 0978
Closure 0.015 0.063 0.106 0.007 0.213 0.107
Average distance 4.417 1.392 1.513 4.249 1.398  2.664
Diameter 9 4 3 7 3 8
Density 2.558 1.320 1.316 1.99 1.257  1.185
Table 6. Keyplayer access and share.
Shoalhaven Bega Orange
ACCESS Bureau of Meteorology CSIRO Ind CBO
ABC Radio Internet Ind state gov

Sydney Morning Herald ABC News

Ind state gov

% nodes reached in the

84.2% 77.7% 34.93%
network
SHARE 2ST Radio Friends ~ |ndividualstate gov-
ernment
Interviewee CBO Interviewee Individual NGO
CBO
Interviewee local govern- Interviewee Individual CBO
ment LLS
% nodes reached in the 70.1% 79 50 49.01°%
. 0 . 0 o (o}

network
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Figure 2. Access and share networks from three case studies: (a) Shoalhaven access, (b) Shoalhaven share, (c) Bega access,
(d) Bega share, (e) Orange access and (f) Orange share. Symbol type denotes gender where appropriate (circle = female,
square = male, triangle = not applicable). Symbol size denotes in-degree or the number of times that a node was mentioned
by other participants. Symbol colour denotes type of organisation: international (red), local government (green), state
government (yellow), federal government (orange), mass media (light purple), mass communication (dark blue), social
media (pink), research centre (black), individual (khaki) and other (burgundy).

4. Discussion

Within each of these case studies, there are similarities and differences among the
networks which may have been shaped by a range of factors including the presence of a
significant NRM-dependent industry (e.g., oysters, dairy and wine in Shoalhaven, Bega
and Orange, respectively), geography (e.g., coastal, inland and estuaries) and the presence
of individuals or organisations acting as boundary spanners. Within the business sector,
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knowledge networks may provide significant competitive advantage [36], whereas in ad-
aptation to climate change, knowledge is a key component of adaptive capacity that not
only enhances social resilience but, in cases of exposure to extreme weather, can save lives
[37]. Within the primary industry sector, individuals with stronger knowledge networks
(and weaker social ties) are more likely to undertake transformational adaptations within
their businesses [38]. Despite the importance of knowledge flow, information and policy
dissemination within government is often siloed [39, 40], and it can be difficult to share
information within fragmented communities [15]. Revealing the diversity of structures of
knowledge networks allows for potential interventions [41] within communities, govern-
ment and the private sector. While information was accessed from and shared with pre-
dominantly government actors in all three regions, the regional network statistics (Table
4) suggest that formal government networks for climate information interact with large
informal networks; this may be due to their interaction with a range of media. In each
region, informal access and share networks were larger than formal networks. The regions
also differed in the types of actors in the network. For example, international sources of
information appeared in the Shoalhaven access network, while Orange had a significantly
higher presence of nodes representing research bodies in both the access and share net-
works. In both Shoalhaven and Bega, community-based organisations had a strong pres-
ence in the share networks.

The SNA in these regions demonstrated the influence of primary industries on the
network, which may influence community action on adaptation to climate change. In two
regions (Shoalhaven and Orange), a common feature of the share network structures was
the presence of small networks or “cliques” around the periphery of the main network
(Figure 2 b and f). These cliques were commonly associated with a locally important agri-
food industry. For example, in Shoalhaven, the key primary industry was oyster farming;
in Bega, it was the dairy industry; and in Orange, the viticulture sector appeared signifi-
cant. In Shoalhaven, the first commercial oyster lease was issued to George Hasier in 1882
[42]. Over 135 years later, the industry still survives in the Shoalhaven estuary, though at
times with variously larger and smaller numbers of farmers [43]. The oyster industry in
Shoalhaven remains a global enterprise [43]; however, the potential sensitivity of the in-
dustry to climate change impacts is well documented and is a likely driver of knowledge
acquisition to support adaptive management responses [44]. For a business to succeed,
the oysters must be healthy, and for oysters to be deemed healthy according to food safety
standards, the water within the estuary must be tested to ensure that it fits within salinity
and temperature parameters [45]. Water monitoring occurs in specific areas of the estuary
depending on the location of “oyster leases”. Although there is consideration of what is
happening both upstream and downstream from the oyster farm, the product is depend-
ent on conditions within the estuary. This focus of discerning and discrete sharing is re-
flected within the share network. In the Shoalhaven share network, there are clusters of
informants around the perimeter of the image (Figure 2b). This may be indicative of the
nature of estuaries and the need to monitor and manage the health and wellbeing of each
specific estuary. As such, the information may become locked within estuary systems.

In Bega Valley, the “Bega Co-operative Creamery Company” was established in 1899,
and has been operating within the region consistently for over 100 years (now called “Bega
Cheese Limited”) [46]. The sensitivity of dairy production to animal health under climate
change [47] has ensured close ties between the dairy industry and government research,
development and extension services to aid in the management of weather extremes (in
particular, Local Land Services, an agency established specifically to act as a conduit be-
tween industry and government). The dairy industry in NSW, and in particular, Bega
Cheese (being a cooperative), has been key to sharing information between farms and
families for generations. This intergenerational connection has meant that individuals
who once worked on dairy farms or were members of dairy farming families gravitated
towards council or government positions, facilitating information transfer within both
formal (through government) and informal (family and community-based organisations)
channels. Rather than appearing as isolates or cliques, in Figure 2d, the dairy industry is
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embedded in the large network component in the top right quadrant of the image. In ad-
dition, the greater degree of isolation of the Bega Valley Region owing to its distance from
a major urban centre may have contributed to a culture that supports greater local collab-
oration and communication.

In Orange, again there are industry dynamics at play. Here, a burgeoning wine in-
dustry operating for the past 20 years is represented within the share image in the top
right-hand corner as a single large clique (Figure 2f). Wine quality is particularly sensitive
to changes in temperature [48], and the industry’s knowledge needs are serviced by Wine
Australia [49]. The industry appears to share knowledge about climate change internally,
but not with the larger “community” component in the lower left-hand section. This in-
dustry is comparatively new to the region, and the Orange share network structure sug-
gests that the climate change information was staying within this discrete community. In
addition, the information shared by viticulturists may be specific to management practices
within the industry (e.g., grape variety selection and specific irrigation for vines) and of
limited value to the broader community.

The fact that natural resource-dependent industries are intimately connected to re-
gional climate and rely on climate change information to ensure industry productivity
and survival may have an impact on the operation of the networks. Further examination
of knowledge diffusion requires use of network cohesion measures within UCInet (SNA-
specific software). The specific measures useful to address network operation are: average
degree—is the average number of connections each node has; fragmentation —how frac-
tured the network is; average distance (the average reach of each node) and diameter
(number of nodes to make a path through the network). Diameter is a network measure
of the popularised concept of “Kevin Bacon’s law”, otherwise known as “small worlds”.
The concept posits that a maximum of six steps is required to span the network. In the
instance of “Kevin Bacon’s law”, every Hollywood actor/actress is not greater than six
degrees of separation (or six steps away) from Kevin Bacon. In our regional share net-
works, the prominence of different industry dynamics is evident (Figure 2b). In
Shoalhaven, there were oyster farmers discussing information in their estuary; in Bega,
the longstanding Bega Dairy Cooperative was very effective in communicating infor-
mation to its members (active for approximately 100 years). However, in Orange, the wine
industry was isolated, is reasonably new to the region (approximately 20 years) and funds
research and develop that is both industry and region specific (Figure 2f). This qualitative
explanation of network operation is supported through the network cohesion measures
from Table 5. For example, the diameter of the Orange access network is 3, meaning that
information could be diffused in three steps within the main component. However, the
diameter of the Orange share network was 8, meaning the main network component was
more fragmented due to the concentration of the information about adaptation in the iso-
lated viticulture sector.

Boundary spanners are individuals able to operate at the boundary between science
and policy, which involves mediating, bridging and brokering knowledge [50]. Boundary
spanners existed in each of our regional networks, and these were identified through key
player analysis. Boundary spanners are the key players at strategic points in the network
(Table 6). Across access networks, these were generally nodes with a formal role in infor-
mation dissemination and were often non-human sources (e.g., media and web sites).
However, in the share networks, these strategic nodes had more informal roles and tended
to be individuals. Examined through the lens of local industry narratives, specific attrib-
utes of the access and share key players support evidence that rural Australia considers
some sources of information on climate change as more trustworthy (e.g., independent
scientists) than others (e.g., politicians, government and the media) [51]. For example,
CSIRO and the Bureau of Meteorology were among the most nominated information
sources. Information sharing within agri-food industry sectors appears to have occurred
frequently through trusted peer-to-peer networks which are known to support place-
based adaptation and farmers’ learning modes [52]. Where key players in networks were
individuals, they often held multiple roles in the community, such as a formal role (e.g.,
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in local government or government natural resource extension services such as LLS) or an
informal role (e.g., coach of a sports team, involved in a CBO or gardening group). These
individuals often had been in the region for a number of years, may have had familial ties
spanning generations, generally had a family of their own and had an extensive personal
social network, including a varied audience allowing for wide reach throughout the com-
munity. This study has provided empirical evidence of typologies of a regional
knowledge broker that may assist in their identification in other settings.

In conclusion, each region in our study had an “industry” that was important in driv-
ing knowledge acquisition and, to a lesser extent, sharing knowledge about climate
change in support of adaptation (oysters, dairy and wine). These industries are intimately
linked to climate and drive the science which in turn helps form the empirical evidence
for policy. This information may not be always closely linked to a broader community
network (such as in Orange). In these instances, knowledge may be “locked up” and not
diffuse outside the industry. However, in cases where the industry sector is deeply em-
bedded in the community, such as the dairy industry in Bega, knowledge networks ap-
pear to have a more effective structure. There is an inherent danger of collapse of infor-
mation exchange in relatively small regional networks that rely on a limited number of
key nodes acting as hubs [53, 54]. For example, government agencies experience signifi-
cant turnover of staff through churn and restructure, and some of the key nodes identified
in our networks have been lost to the region or have changed formal roles since the com-
pletion of our analysis. Further, there are opportunities for improved knowledge ex-
change when it comes to isolated cliques, as these networks may require specific and be-
spoke information channels and/or programs to be developed.

We believe our analysis of regional climate change information networks has barely
“scratched the surface”, and we recognize that there are some limitations to this work.
Firstly, it is difficult to determine how much the extent of the networks revealed in our
study might have been expanded through continued sampling of nodes. However, the
opportunity for further snowballing was limited due to the scale and scope of the project.
Clearly, we did not reach every aspect of regional society, and in some instances, although
community members were contacted (e.g., within the regional chambers of commerce),
they were unable to participate in the study due to the timing and availability. Secondly,
our snowball sampling connected mainly to natural resource/environment actors. While
these actors are of significance as seekers and users of climate information, other commu-
nity perspectives (e.g., arts and cultural community) are equally important and may have
yielded additional insights.

Despite these limitations, this study of the structure of regional information exchange
through social network analysis allowed the invisible connections among a section of
three regional communities to be revealed and facilitated greater understanding of the
operation of knowledge systems. Involving policy makers in a co-designed approach to
the research and maintaining strong communications between the research team and the
information users, New South Wales Office of Environment and Heritage (an agency of
the NSW Government), ensured that the gaps and insights identified through the case
studies were directly shared with policy audiences. Policy changes at a varying pace,
sometimes slowly, sometimes rapidly —just like climate impacts and adaptation. Under-
standing how knowledge is dispersed through communities may assist in more efficient
and effective climate policy information and, therefore, help reduce the impacts and im-
prove the management of climate change for regional communities.
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