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Abstract New forms of governance that foster multi-level and collaborative action have been
identified as key to climate change adaptation. Ecosystem-based adaptation is emerging as an
important type of adaptation response. Despite its recognized promise, it remains a challenging
task to conceptualize governance regimes for it because of the involvement of numerous actors
across the landscape scale. Both multi-level and collaborative forms of governance are
required to involve relevant actors in decision-making and related actions. We explore the
applicability of the theory of nodal governance, in conjunction with social network theory, to
provide a framework for operationalizing the concepts of multi-level and collaborative gov-
ernance. We use the Bergrivier municipal area of South Africa as a case study, focusing on
organizations (nodes) that have the potential to implement ecosystem-based adaptation. We
show that a nodal governance focus on institutional structures, mentalities, technologies, and
resources can be highly effective for understanding the factors supporting or constraining
ecosystem-based adaptation. A focus on the number and strength of network connections that
actors share highlights how the numerous connections between organizations constitute an
important opportunity for strengthening ecosystem-based adaptation outcomes in the future.
The analysis suggests that in the Bergrivier municipal area, both agricultural best practices and
restoration activities are side-lined compared to other activities (e.g., land use planning) despite
the importance of the agricultural sector in the Bergrivier area. We argue that a nodal
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governance focus, accompanied by the use of social network analysis, can be highly effective
for understanding how to improve governance of adaptation at the local level.

1 Introduction

In recent years, there has been a growing interest in ecosystem-based adaptation (EbA),
defined as the use of biodiversity and ecosystem services as part of an overall adaptation
strategy to help people adapt to the adverse effects of climate change (e.g., Munang et al. 2013;
Wamsler et al. 2014). The importance of EbA in the climate adaptation field is increasingly
recognized, given the central role of natural resources and ecosystem services to support
livelihoods and economies (Vignola et al. 2009). Promoted as a cost-effective, no-regret option
offering multiple social, economic, and environmental co-benefits (e.g., Campos et al. 2014),
EbA presents a range of opportunities for community-based initiatives and socio-economic
development, the latter achieved through the generation of co-benefits such as food security,
water purification, or the creation of Bgreen jobs^ (Roberts et al. 2012). Thus, an EbA
approach can contribute to broader development goals and help to balance immediate devel-
opment priorities with longer-term climate planning (Burch et al. 2014). In the context of EbA,
natural resource governance regimes need to integrate climate risks and the inevitable ecolog-
ical changes they bring into planning and implementation (Stein et al. 2013). However, the
literature on the governance and mainstreaming of EbA is still in its infancy, though examples
are beginning to appear (e.g., Pasquini and Cowling 2015; Wamsler et al. 2014).

Recent years have seen a growing interest in the governance of climate adaptation at the local
government level (Measham et al. 2011; Pasquini et al. 2015; Bulkeley and Castan Broto 2013).
Local governments, as the level of government closest to the ground, have a major role to play in
the achievement of climate change adaptation. Local governments generally hold important
powers in sectors relevant to the effective governance of EbA, such as spatial planning, water
management, or disaster management (e.g., Bulkeley 2010; Pasquini et al. 2013). However,
appropriate and effective EbA governance requires the involvement of numerous actors, as a
landscape is seldom ever owned, used, or managed by a single stakeholder. Indeed, local
governments may not own or manage the majority of land in their municipal areas (Pasquini
and Cowling 2015). The policies and practices defined by one land owner, user, or manager may
be limited in their scope if they ignore the policies and practices of others, or if others do not
cooperate. Thus, creating partnerships between different actors within and beyond a local govern-
ment’s landscape is important to the governance of adaptation (Frohlich and Kneiling 2013).

A focus on the concepts of multi-level governance and collaborative governance as lenses for
dealing with contemporary sustainability challenges broadly, and climate adaptation specifically,
has emerged in recent decades (e.g., Termeer 2009; Sandström et al. 2015). Both these concepts are
relevant to the governance of EbA, but both are multi-faceted and complex theoretical frameworks,
and putting these concepts into use remains challenging. In this paper, we explore how nodal
governance and social network theory can help to operationalize the concepts of multi-level and
collaborative governance. We use the Bergrivier municipal area of theWestern Cape, South Africa,
as a case study to show how the theoretical concepts of nodal governance and social network theory
can help to understand how people are considering, collaborating around, and putting into practice
EbA responses. In so doing, we provide a deeper understanding of the applicability of nodal
governance and social network theory frameworks to the governance of adaptation at the local
level—the level at which climate change impacts are most immediately manifested.
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2 Understanding nodal governance and networks as central
to ecosystem-based adaptation

A range of barriers have been found to constrain effective adaptation to climate change
(Shackleton et al. 2015; Uittenbroek et al. 2013). Many barriers emerge as a result of the
institutional arrangements or governance structures within the system of concern (Koch et al.
2007). For example, a frequently cited barrier to adaptation is a lack of collaborative or
collective action between stakeholders (Biesbroek et al. 2009). In order to address these
barriers, new forms of governance which promote collaboration and the expansion of social
networks are required (Crona and Hubacek 2010).

Collaborative governance is a growing subject in the literature on climate change (Kinnear
et al. 2013; Juhola and Westerhoff 2011). As defined by Emerson et al. (2012, p. 2),
collaborative governance refers to Bthe processes and structures of decision making and
management that engage people constructively across the boundaries of public agencies,
levels of government, and/or the public, private, and civic spheres in order to carry out a
public purpose that could not otherwise be accomplished.^ Such a form of governance
provides opportunities to pool knowledge, understanding, expertise, and/or tangible resources
(e.g., data, finances) to solve a common problem. Building on this, multi-level governance
recognizes the importance of working across multiple scales, which is critical when managing
whole landscapes (Armitage 2007), something that effective EbA requires. Yet, limited
examples exist of multi-level governance for managing landscapes in the context of climate
change (Juhola and Westerhoff 2011).

The relational dynamics between different actors, particularly the interaction of state and
non-state actors, are an important feature of collaborative and multi-level governance. While
potentially resource-intensive and time-inefficient, the deliberative nature of collaborative
governance allows differences in opinions, interests, and recommendations to be considered.
This deliberation helps to build trust and a shared understanding among stakeholders, creating
opportunities for social learning and knowledge sharing (Pahl-Wostl 2009). Much empirical
work remains, however, before it is fully understood how stakeholder relations and local
governance structures influence the adaptation process (Crona and Hubacek 2010). In order to
address this gap, this paper draws on the concept of nodal governance.

Nodes are points on a network, and the theory of nodal governance focuses attention on the
internal characteristics of nodes, and how power is actually created and exercised within a
social system. This focus on power is often lacking in climate change vulnerability and
adaptation work (Ribot 2014). Power is a highly complex issue to study, and a comprehensive
assessment of how power is created and conveyed in networks would require much more
specific questions and methods than can be embraced within the context of our exploratory
study (which seeks to illustrate more broadly how nodal governance and social network theory
can be used to better understand collaborative governance). However, we start to engage with
the question of power through understanding the nature of the nodes themselves; the reason for
this is that while power is transmitted across networks, the actual point where knowledge and
capacity are mobilized for transmission is the node (Burris et al. 2005).

Under the theory of nodal governance, nodes can be understood to exhibit four essential
characteristics: mentalities, technologies, resources, and institutional structures (Burris et al.
2005).Mentalities refer to the node’s way of thinking about the issue that needs to be governed,
and are often informed by a very sector- or disciplinary-specific understanding of what the
problem and solutions are. Technologies refer to the methods (e.g., policies, plans, tools) used

Climatic Change



by the node to exert influence over a particular course of events, and are usually a reflection of the
node’s mentalities. Resources are needed to support the operation of the node, and constitute the
physical, financial, social, and human capitals that allow nodes to shape events in accordance with
their mentalities and the technologies they employ. Lastly, a node must possess an institutional
structure; i.e., it must have some institutional form. This need not be a formal or legal entity, but it
must have sufficient stability and structure to enable the mobilization of resources, mentalities,
and technologies over time. The focus on nodes seeks to emphasize that networks are dependent
on the mentalities, technologies, institutional arrangements, and resources of nodes, and that
nodes and nodal assemblages should be a major focus of analyses of governance (Burris 2004).

There has been a surprising lack of application of social network theory or social network
analysis (SNA) in relation to nodal governance analyses. While nodal governance makes
reference tomapping theways inwhich nodes interact, for network position, number, and strength
of connections, it has still not engaged with generating theoretical, conceptual, and empirical
integration with social network theory—a field thus ripe for exploration. The primary focus of
SNA is to understand patterns of relationships, which is particularly relevant for understanding
complex governance arrangements in social-ecological systems—as the case of EbA exemplifies.

Although SNA has been used widely in natural resource management research, it has only
recently started to be used in climate change adaptation research. SNA has been used to assess
local adaptation processes, including how stakeholders participate in climate adaptation policy
networks and how social networks can contribute to the governance of water resources in
Australia (McAllister et al. 2014; Ingold et al. 2010; Kinnear et al. 2013). SNA has also been
used to explore the legitimacy of urban adaptation in Helskinki (Klein et al. 2016) and
to understand the importance of social capital in driving adaptation and transformation in
the Australian agriculture sector (Dowd et al. 2014).

3 Case study site and methods

3.1 The Bergrivier Municipality

The Bergrivier Municipality (BM) is a local, rural municipality situated in the Western Cape
Province, South Africa, with an area of ca. 4407 km2 and a population of 56,000 (BRM 2012).
Commercial agriculture (particularly potato and rooibos tea farming), alien vegetation infes-
tations, and extensive new housing developments are among the drivers of habitat transfor-
mation and biodiversity loss. Climate and impact models suggest that the increase in
temperatures and decrease in winter rainfall predicted for could have far-reaching effects on
the BM’s terrestrial ecosystems, including reductions in water supply, sea level rise, species
losses, and wildfire increases (Lötter et al. 2014). As the municipality’s economy is driven by
agriculture and a growing eco-tourism sector, there is concern that climate change will have
severe impacts on local livelihoods, compounded by the municipality’s low literacy levels
(70.5%) and the existence of very few alternative economic opportunities (BRM 2012).

3.2 Data collection and analysis

The BM was chosen as a case study because many of its economic and livelihood activities are
directly reliant on ecosystem services, and are thus threatened by climate change impacts. In
addition, there existed strong relationships between the municipality and researchers at the
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University of Cape Town (Ziervogel et al. 2016). Our research focused upon state and non-state
organizations that have the potential to implement EbA within the BM area, based on their
current engagement with conservation, restoration, and/or sustainable management activities
relevant to the achievement of EbA in terrestrial ecosystems. These activities consisted of land
use and development planning, landscape restoration, alien (invasive plants) clearing, integrated
fire management, and sustainable farming practices. Although some of these activities may not
explicitly address climate change impacts, all are directly and indirectly impacted by climate
variability, and relevant to climate change adaptation. Hence, while the organizations under
study might not have framed their plans and activities explicitly under an EbA tag, our research
considered these activities as relevant to EbA, as outlined in the Supplementary Material.

Nine organizations were identified as central to the research. Face-to-face, semi-structured
interviews with a middle or senior management representative from each organization (who
worked within the BM area) were conducted during the period of October 2013–February
2014. Interview questions are shown in the Supplementary Material.

Data were transcribed and a nodal governance framework was used to structure our thematic
analysis, exploring in a first step the institutional structures, mentalities, technologies, and
resources of the organizations (nodes). To characterize the resources of the nodes, we employed
SNA to examine the relational dynamics between nodes. SNA builds its explanations from
examining patterns of social relations and exploring how these configurations influence both
the behavior of individual nodes and that of the network as a whole. In this study, a basic
sociogram (analytical diagram depicting patterns of social relations) was constructed and used
to illustrate the channels through which information and/or resources flow from one node to
another. Using a qualitative approach, questions regarding who the actors collaborate with,
what form that collaboration takes, and the perceived strength of the dyadic ties between them
(ranked on a scale of 1 to 3) informed the construction of a basic sociogram.

The second step of analysis took a holistic view of the existing nodes and networks to
assess the limits, barriers, and enablers to EbA governance in the Bergrivier. Burris (2004)
provides a useful approach to conducting such an assessment, which we drew upon in our
analysis (see the Supplementary Material for the additional considerations that guided our
analysis).

4 Characterizing the nodes

Table 1 presents a brief overview of the study’s nine nodes, including their institutional
structures and their engagement in a variety of EbA activities. In terms of key findings
regarding the nodes’ mentalities, all stakeholders interviewed presented a basic understanding
of climate change, its anthropogenic causes, and its likely effects on the Western Cape and
Bergrivier region specifically. Most (n = 7) felt certain that the impacts of climate change were
already being experienced in the BM, and these concerns are borne out in the types of activities
in which the organizations are engaged (Table 1) as well as the technologies they employ
(Table 2). All respondents were familiar with the term Bclimate adaptation,^ although only two
could define the specific term Becosystem-based adaptation.^ All respondents, however,
reported that they considered the activities they were undertaking as EbA-relevant activities
(once the term had been explained to respondents who did not know it), in keeping with the
idea that ecosystem conservation, restoration, and/or sustainable management activities are
relevant to the achievement of climate change adaptation in terrestrial ecosystems.
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In addition, all stakeholders barring one (see below) felt that they had a responsibility to
engage in adaptation. For instance, the local municipality cited Section 152(1) of the Constitution
which states that Bthe objects of local government are to promote a safe and healthy environment,^
accepting this as reason enough to Btake climate adaptation on as [their] responsibility^
(despite there being no requirement in South African law for public entities to undertake climate
adaptation specifically). In the municipal case, this finding is extremely interesting, given its lack of
resemblance to the findings of other studies, both international (Burch 2010; Measham et al. 2011)
and local (e.g., Pasquini et al. 2013; but see Ziervogel and Parnell 2014 for an exception). Such
studies have highlighted how, in the absence of explicit mandates for adaptation, some municipal-
ities have claimed either to be unable or unwilling to engage in adaptation owing to their already
crowded agendas. Only SAKO, one of the organisations interviewed, did not view climate change
as an immediate threat; the organization reported not having witnessed any changes that could be
directly linked to climate change, and did not feel it had a responsibility to engage in adaptation.

The following section focuses on two important suites of technologies used by the different
organizations: legislation and policies, and maps (Table 2). The assumption that technologies
reflect mentalities would appear to be confirmed by the nodes’ use of legislation and policy.
All nodes reported relying upon national and provincial legislation for governing natural
resources in light of climate change (Table 2). These pieces of legislation guide the identifi-
cation of priority actions for ensuring the protection of the environment, as well as people and
communities, from various hazards and risks. As stated above, there is currently no legislation
with explicit mention of climate change in South Africa. It might not be surprising to find
environmentally based organizations taking it upon themselves to extend environmental
legislation to include climate change among their responsibilities. However, it is more
surprising that municipalities and agricultural organizations might do so, and go as far as
explicitly including it in their local-level policies.

The majority of stakeholders viewed fine-scale Critical Biodiversity Area (CBA) maps as
essential planning tools (Table 2). These maps are produced by the Fine-scale Biodiversity
Planning Project led by CapeNature and the South African National Biodiversity Institute. They
are key to determining priority areas for alien clearing and landscape restoration, as well as
identifying suitable parcels of land to be incorporated into landscape corridors for climate-induced
species migration (Pence 2008). Moreover, they are of great use to decision-making procedures
related to the granting/denying of approval of land use applications, a key municipal function
(Pence 2008). CapeNature is currently reviewing and updating the maps with new information
that has emerged from the climate science fraternity. This new information enables the creation of
an EbA layer, incorporating areas with climate refugia (e.g., south facing slopes and gorges), and
environmental gradients (e.g., topographic, temperature, and precipitation) to allow species
migration. Despite the fact that these maps have been made available to the general public,1

and that GIS technology has become substantially cheaper and easier to use over the years (e.g.,
Grimshaw 2000), SAKO claimed that not knowing how to access these maps had constrained the
organization’s ability to make ecologically sensitive planning decisions. All of the other organi-
zations accessed and used the CBAmaps or, in the case of the two organizations most concerned
with preventing and suppressing unwanted wildfires, other types of maps (Table 2).

In terms of resources, all respondents unsurprisingly reported being limited by financial
constraints. Current EbA activities are financed either by mainstreaming adaptation into

1 Critical Biodiversity Areas maps (per municipality) and GIS data are available on the web: http://bgis.sanbi.
org/fsp/project.asp
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Table 1 Description of nodes, including their institutional structures, and their activities related to ecosystem-
based adaptation (terrestrial systems only)

Node Description Current/planned EbA activities

Bergrivier Municipality
(BM)

Local municipality responsible for local
government in the Bergrivier
municipal area (Fig. 1)

• Removal of alien invasive plants
• Establishment of an adaptation forum

for the agricultural sector specifically
• Protection of major landscape corridors

from biodiversity-incompatible devel-
opment

• Mainstreaming of adaptation into
municipal governance via capacity
building of officials, sector
stakeholders, and community

West Coast District
Municipality (WCDM)

District municipality comprised of five
local municipalities, including the
BM. (District municipalities are made
up of a number of local municipalities
that fall in one district, usually
between four to six. The district
municipality has to co-ordinate devel-
opment and delivery in the whole
district. District- and local-level mu-
nicipalities share the responsibility for
local government within their juris-
dictions)

• Removal of alien invasive plants
(particularly around the lower Berg)

• Coordination of fire management (from
the WCDM Disaster Management
Centre)

• Rehabilitation of landscapes
• Provision of trees (200 trees to each

local municipality in 2013) and
planting support

Cape Nature (Porterville
Office)

A parastatal with the statutory
responsibility for biodiversity
conservation in the Western Cape

• Removal of alien invasive plants
• Promotion of stewardship of private

land through the establishment of
biodiversity corridors (e.g., the Groot
Winterhoek and Sandveld Corridors)

• Provision of environmentally sensitive
advice on development applications

• Coordination of fire management
LandCare A government-funded sustainable land

management program, established un-
der the National Department of Agri-
culture

• Removal of alien invasive plants
• Rehabilitation of landscapes
• Promotion of soil conservation and

sustainable farming techniques
Working on Fire (WoF) A national Expanded Public Works

Programme (a government initiative to
alleviate poverty and unemployment
in South Africa). The focus of WoF is
on wildfire prevention, management,
and suppression

• Provision of planning, technical, and
operational (on-the-ground) support to
existing wildfire fighting services

• Awareness campaigns related to fire
risk and prevention

Greater Cedarberg Fire
Protection Association
(GCFPA)

A local association established in terms
of the Veld and Forest Fire Act 101 of
1998 as a means to involve local
government and landowners in
Integrated Fire Management

• Development and application of an
integrated wildfire management
strategy

• Awareness campaigns related to fire
risk and prevention

• Augmentation of membership base
(landowners and their staff) and
training of members with regards to
fire-fighting

• Management and prevention of
wildfires

Sandveld Potato Growers
Association (SAKO)

A local association acting on behalf of
most potato producers in the Sandveld
(i.e., the area between the Cederberg
Mountains and the sea, bounded by

• Promotion of sustainable potato
farming practices through the
implementation of the biodiversity
best practice guidelines
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existing projects and programs (as occurs in the municipalities) or via donor funding (as
happens for example within CapeNature and the GCBC). More interesting is the issue of the
availability of human and social capital to organizations, in relation to network connections.
Nodal conceptions of governance focus attention on the way in which resources are brought to
bear via the linkages established between nodes. For instance, no organization in the case study
had adequate in-house scientific resources (personnel and material) in the field of climate
change and EbA. Instead, organizations were reliant on their networks, and various partnerships
with local universities and research institutes, for such information. Rather than a weakness,
several organizations (n = 5) explicitly mentioned this as a strength. These networks provide an
opportunity to involve a range of actors, each able to offer a different but useful perspective.
These views are exemplified in the following statement by a CapeNature respondent.

BIf I could choose, I would put more energy into developing the network with external
partners than developing that capacity within our own scientific services. The network
throws a wider web […] It adds a different perspective, and it’s usually broader with
people with different disciplines as well, so it’s not just the climate scientists, it’s people
from a social perspective, environmental law perspective, or whatever, plus local
practitioners … and I think that’s quite essential when you really want something to
work.^

5 Social network analysis

Because the availability of or access to resources is often the consequence of nodal linkages,
we built a sociogram to visualize the overall structure of the network of actors involved in EbA
in our case study area (Fig. 1). As can be seen through the sociogram, varying levels and
numbers of connections exist between the nodes.

Table 1 (continued)

Node Description Current/planned EbA activities

the lower Berg river in the south and
the lower Olifants river in the north)

• Protection of environmentally sensitive
areas on private land

RightRooibos A local, community-based organization,
established under the South African
Rooibos Council (a non-profit com-
pany to promote the interests of the
South African Rooibos industry), ac-
tive in the Sandveld and Rooi Karoo
(Piketberg) area

• Removal of alien invasive plants
• Promotion of sustainable rooibos

farming practices through the
implementation of the biodiversity
best practice guidelines and
certification scheme

• Protection of critical biodiversity areas
on private land

Greater Cedarberg
Biodiversity Corridor
(GCBC) Steering
Committee

The GCBC is a landscape-scale conser-
vation initiative, driven by 22 organi-
zations and implemented by
CapeNature. This initiative extends
beyond the borders of the BM,
stretching from the West Coast
through the Cedarberg Wilderness into
the Tanqwa Karoo

• Removal of alien invasive plants
• Consolidation and expansion of

protected areas and corridors in the
GCBC

• Mainstreaming of biodiversity
conservation into the agricultural
sector via industry involvement
(rooibos especially)

• Awareness campaigns around issues of
conservation in light of climate change

• Catchment rehabilitation
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Among the central nodes (viz. LandCare, CapeNature, and the local and district munici-
palities), strong ties have developed owing largely to ongoing deliberation over land use and
spatial development planning (Fig. 1). This suggests that the technologies of legislation and
policy could help to convene actors; the Cape Land Use Planning Ordinance (LUPO) of 1985
affords local municipalities the authority to approve or refuse land use applications, and the
BM has acknowledged the need to consult other interested and affected parties prior to making
its decisions, in recognition of the fact that a landscape is seldom ever owned, used, or
managed by a single stakeholder. It is further in the interests of CapeNature and LandCare
to collaborate with the municipality to ensure that the most ecologically sensitive planning
decisions are made and that they support each other’s work. Thus, a shared, recognized
mandate can act as an enabler to collaboration. Another EbA-relevant activity around which
numerous actors converged consists of the removal of alien invasive plants (Table 1 and
Fig. 1). In the South African context, this is not a surprising finding, as discussed by Pasquini
and Cowling (2015) who explore the Bpopularity^ and history of this action.

Several respondents (n = 7) made reference to the importance of forums for fostering
interorganizational linkages. The majority of respondents reported having the opportunity to
interact with other stakeholders within the meetings of the GCBC Steering Committee, a
multi-sectoral group of representatives stemming from 22 organizations, including local and
district municipalities, government departments, communities, NGOs, and conservation agen-
cies. The role of the Steering Committee is to oversee, advise, and facilitate the implementation
of the GCBC, a landscape-scale initiative which extends beyond the borders of the BM area.

Table 2 Summary of key technologies, in terms of legislation/policies and maps (other less critical technologies
are not listed here), used by the nodes to plan/implement EbA activities in the Bergrivier municipal area

Node Legislation and policies Maps

BM - Municipal Systems Act, 2000
- SA Constitution, Schedule 4B and 5B
- BM Integrated Development Plan
- BM Spatial Development Plan

- Fine-scale maps (i.e., Critical
Biodiversity Area Maps)

WCDM - Municipal Systems Act, 2000
- SA Constitution, Schedule 4B and 5B
- District Integrated Development Plan
- District Spatial Development Plan

- Fine-scale maps

Cape Nature - National Environmental Management
Act, 107 of 1998

- Provincial Nature Conservation
Ordinance 19 of 1974

- Fine-scale maps

LandCare - Conservation of Agricultural Resources
Act, 43 of 1983

- Fine-scale maps

GCBC Steering Committee - National Environmental Management
Act, 107 of 1998

- Fine-scale maps

RightRooibos - National Environmental Management
Act, 107 of 1998

- Fine-scale maps

WoF - National Veld and Forest Fire Act,
101 of 199

- Fire risk detection maps (created
using Fire Danger Indices and
satellite-based Advanced Fire
Information Systems)

GCFPA - National Veld and Forest Fire Act,
101 of 1998

- Fire risk detection maps

SAKO - National Environmental Management
Act, 107 of 1998
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Such a forum is critical for encouraging organizations to collaborate across their respective
jurisdictions so that they might make an impact at the landscape scale. We thus view the
GCBC Steering Committee as a Bsuper-structural^ node, which, following Drahos (2004, p.
405), we define as a Bstructure that brings together actors who represent networks in order to
concentrate resources and technologies for the purpose of achieving a common goal.^

Investigations revealed that the GCBC Steering Committee is one of the most connected
and influential nodes in the Bergrivier region (Fig. 1). Indeed, the implementation of several
large-scale EbA-related projects (e.g., the expansion of corridors, catchment rehabilitation; see
Table 1) is attributable to the GCBC. This underscores the important role that supra-structural
nodes can play. However, it is evident from the sociogram that there exists significant
opportunity to strengthen the GCBC Steering Committee’s linkages to other actors in the
BM area further. Finally, the sociogram reveals that the two least-connected nodes in the
network consist of SAKO and RightRooibos, shown as outliers in Fig. 1. These two nodes
represent the agricultural sector, and their marginalization holds particular implications for the
governance of natural resources in the Bergrivier landscape, as discussed below.

6 Assessment of governance nodes and networks

The application of a nodal governance framework has provided a valuable tool for identifying
factors that support or constrain EbA within the BM landscape, providing lessons that are

Fig. 1 Interactions between nine nodes involved in the management of terrestrial ecosystems in the Bergrivier
municipal area (the sociogram does not map the links to actors who are not directly involved in EbA activities in
the Bergrivier, such as universities). The thickness of each line indicates the strength of the dyadic ties between
nodes, as perceived by the nodes themselves (thick solid line = strong, thin solid line = moderate, dotted
line = weak; the length of each line is of no consequence). EbA activities with which nodes are most commonly
associated are located nearest those nodes most active in those activities. The GCBC Steering Committee is
highlighted in purple to reflect its nature as a Bsuper-structural^ node
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potentially transferable beyond this landscape’s borders. The nodes’ mentalities suggest a
governance landscape that is very amenable to taking up the adaptation challenge. Below, we
discuss some of factors that are likely to contribute to such amenability.

The lack of funds and Bin-house^ human resources (a common barrier to adaptation; e.g.,
Ziervogel and Parnell 2014; Moser and Ekstrom 2010; Roberts et al. 2012) seems to have led
the study organizations to focus on building links to other organizations. Such links can drive
cooperation, an important precursor to collaborative governance. Collaborative environmental
governance is particularly important for achieving EbA (Vignola et al. 2013), as several
organizations at the landscape level need to work together to overcome the institutional and
legislative fragmentation of landscapes. The presence of linkages can also enable information
exchange, which is critical for effective ecosystem governance across administrative scales and
boundaries (Vignola et al. 2013).

Thus, the apparent amenability of the study nodes to implement EbA might also be
explained by the numerous connections formed between them; opportunities for collab-
oration and convening are present in many instances, and building on these existing
collaborations is an important way forward for strengthening EbA in the future. Burris
(2006, p. 206), in discussing nodal governance in the context of health and security,
notes that Baccess to individual and social resources is the key to better outcomes,^ and
the availability of, or access to, resources is often the consequence of nodal linkages. Our
study suggests that by understanding the nodes and networks better, EbA governance
outcomes could be improved through better access to knowledge, mobilizing more
available resources and strengthening the relationships of critical nodes to others, as
outlined in more detail below.

However, the opportunity to strengthen ties as well as form new relations between our
study’s nodes still exists. A tool such as the sociogram proves highly useful in identifying
where such social network opportunities might lie. The sociogram makes clear that particu-
larly, SAKO could be more extensively linked to other nodes in the network. The relative
isolation of SAKO may explain, in part, its particularly different mentalities regarding climate
change and adaptation as compared to the other nodes, and its lack of use of a technology
common to all other organizations (maps). Had SAKO been better connected, it might have
been better able to access the knowledge and expertise in natural resource management held by
the other nodes, and, as the section below explicates, it might have held greater power in the
Bergrivier governance landscape.

A sociogram is a highly useful tool for revealing the outcomes of EbA governance on the
ground. Nodes able to mobilize greater resources can dominate a governance landscape;
hence, those located at points of high intersectionality, and thus having greater connective
resources, could dominate (Burris 2004). In other words, they could possess greater power.
It is immediately apparent from the sociogram that both agricultural best practices and
restoration activities are implemented by fewer organizations than other activities. These
sustainable agricultural practices are possibly being side-lined because the focus of the more
Bpowerful^ (i.e., more connected, in our case) nodes, within the current governance land-
scape, are on land use planning and alien invasive vegetation issues (though this is unlikely a
deliberate decision).

Agriculture, however, is the most important economic driver in the BM. Further, agricul-
tural nodes have the capacity to alter large portions of the landscape. The sustainability of this
sector is therefore likely to be important to economic and environmental sustainability of the
BM as a whole. As a further step, it should be possible to rank the relative Bimportance^ of
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different EbA activities to the sustainable development of an area, and through the socio-
gram—a relatively quick, easy, and cheap tool—assess how this prioritization fares against
what is actually happening on the ground. From a nodal governance perspective, the creation
of a new node or strengthening the power of an existing node (for e.g., through increasing
network connections) not only fills a gap in governance but also has the potential to shift a
suboptimal community governance system in ways that lead to more efficacy (Burris 2006, p.
211).

A nodal governance analysis with an accompanying SNA can also suggest where to direct
further resources, for example, where to target extension services. It can suggest where
technologies may require modification for optimal governance outcomes. The sociogram
made explicit how the majority of interactions between stakeholders occur over land use
and development planning. These functions are most often regulated by the Land Use Planning
Ordinance No. 15 of 1985, the spatial planning and land use management legislation which
stakeholders are most comfortable with, in a highly confusing spatial and land use planning
regulatory framework in South Africa (SACN 2012). What is noteworthy is that none of the
organizations interviewed perceived this legislation as being a technology employed for
natural resource management (Table 2). Although the National Environmental Management
Act 107 of 1998 was established specifically to Bprovide for cooperative environmental
governance,^ it does not appear to be directly linked to the majority of cooperation occurring
in the BM.

Part of the reason for the majority of collaborations being established over land use and
development planning may lie in the widespread use that stakeholders in the BM make of the
CBA maps—which is an acknowledged technology. As we noted earlier, CBA maps are
critical to decision-making procedures related to the granting/denying of approval of land use
applications, a key municipal function (Pence 2008). These maps are also, from another
perspective, a resource, and their availability may be contributing to the particular nature of
the BM landscape. We noted earlier that technologies, mentalities, and resources are not cut-
and-dried categories. It is possible that the availability of maps may even be contributing to the
particular mentalities of the BM governance landscape. As Johnston and Shearing (2003, p.
29) note in the context of the governance of security, while the modes and processes of
governance influence the tools that are chosen, the reverse may sometimes be true; the
technologies available or chosen may shape the mentalities of an institution. It is interesting
in this context to note that SAKO is both the only organization that does not make use of the
CBA maps, and the only organization to have a widely different mentality as compared to the
other nodes. It is therefore possible that a process of co-creation is at play, whereby the
availability of fine-scale maps contributed to changing mentalities, and the use of maps is not
simply a reflection of the nodes’ mentalities.

More generally, we expect that mentalities, technologies, and resources will interplay and
exert reciprocal effects on each other. Particularly, network connections can spread mentalities,
knowledge, (other) resources, and technologies in the Bergrivier area. For instance, relatively
strong and dense network connections in the BM area are likely to be affecting the mentalities
of the nodes, leading to convergence among them; the interaction, in terms of frequency and
richness, between members of a social network enhances learning and change in norms.
Network connections also promote the exchange of knowledge between nodes, improving
governance outcomes (Dowd et al. 2014). Pasquini and Cowling (2015) and Pasquini et al.
(2015) found that municipalities with links to Bknowledge bases^ outperformed municipalities
without such connections on adaptation and EbA issues.
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The combined use of SNA and nodal governance offers an explanation for how a group of
actors can overcome the Block in^ effects of existing legislative, regulatory, and organizational
practices, which elsewhere appear to be inhibiting municipal areas from achieving EbA or
other forms of effective environmentally related governance (e.g., Pasquini et al. 2013;
Wamsler et al. 2014).

7 Conclusion

Our case study leads us to draw a number of conclusions about the application of nodal
governance to the adaptation field. A theory of nodal governance provides a highly detailed
account of the process through which EbA in the Bergrivier municipality is governed. An
important aspect of the nodal approach is that it sees Bgovernance as a relationship contained
within a shifting network of alliances rather than as a product of the realization of governing
interests^ (Johnston 2006, p. 34). The focus of EbA governance in the Bergrivier reflects the
particular relationships actualized in the study area, and not only the nodes’ mentalities. Thus,
activities such as alien invasive clearing or land use planning are more prevalent than activities
such as sustainable agricultural practices. This leads us to ask whether the Boptimal^ config-
uration for EbAwithin the Bergrivier landscape is being achieved. Given that agriculture is the
principal income generator for the municipal area, it is possible to conclude that a governance
deficit exists.

The use of nodal governance and SNA allows for the characterization and visualization of
nodes and their networks, and explains their impact on governance outcomes including
knowledge access, mobilization of resources, and critical relations to others. It also allows
for the analysis of how power is created and exercised within a governance system (though,
given the exploratory nature of our study, our treatment of power issues here is necessarily
superficial and thus for illustrative purposes; future research comprehensively analyzing power
issues with nodal governance and SNAwould be critically useful). As such, these theories and
concepts can guide the design of interventions to respond to determined governance deficits. In
our case study, interventions could focus upon facilitating an increase in nodal arrangements
between SAKO and RightRooibos and the other local nodes as well as recognizing the
importance that maps play as a technology in the region. Thus, nodal and network conceptions
of governance can be extremely useful approaches for finding more innovative institutional
arrangements to improve the delivery of social goods.

This paper makes an important theoretical contribution by demonstrating the potential
value of nodal governance theory and social network theory to both theory and practice
regarding the governance of adaptation. To our knowledge, this paper is the first to apply a
nodal governance approach to climate adaptation, and among one of the first to apply
SNA to the adaptation domain. Notwithstanding our contribution, a far greater conceptu-
alization of the interplay between nodal governance and SNA is necessary. For example,
possible questions for future research to address include the following: do nodes make use
of other nodes to promote their values and interests? Who has access to nodes, and how?
How is governing Bpower^ distributed between different types of nodes, e.g., state and
non-state nodes, and why? Such questions provide an indication of the rich empirical and
theoretical possibilities that could start to provide guidance on how to strengthen the
complex governance response needed in the context of climate change and natural
resource management.
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