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1. Introduction

Food systems are highly vulnerable to the effects of anthropogenic climate change and environmental
degradation. At the same time, food systems contribute to the production of greenhouse gases that
spur climate change, adversely impacting human and environmental well-being. There is a clear need
for transitioning to sustainable food systems. At the local level, a way to make progress toward food
system sustainability, while recognizing the complexity and diversity of these systems, is to engage in
integrated community sustainability planning (Issac et al., 2022).

Nexus frameworks, such as the water-energy-food nexus, have the potential to support integrated
planning by stimulating thinking about how different planning areas and priorities are interconnected
(Sperling et al., 2017). Integrated approaches to planning and policy are critical for making progress
toward local sustainability and resilience (Alrøe et al., 2016), and nexus frameworks can help
researchers, planners, and decision-makers take such approaches to address local, place-based
sustainability issues. Additionally, participatory and inclusive planning processes that involve people
that have knowledge about, and relationships with, a local area are important when making and using
these framework. Such participatory processes can leverage collective knowledge, while also serve to
develop common language and thinking when discussing ideas and strategies.

Newell (2023) recently introduced a new nexus framework: the climate-biodiversity-health (CBH)
nexus. The CBH nexus focuses on goals and objectives related to climate action, biodiversity
conservation, and community health. The CBH nexus was applied in a research project in the Comox
Valley region (British Columbia), which engaged local government and stakeholders in an exploration
of the complexities around local food systems issues and strategies. The research was conducted in
multiple phases, with the first phase using semi-structured interview methods to explore how climate
change, biodiversity, and health form relationships to food systems issues (and with each other).
Findings from the first phase confirmed that local planning should take integrated approaches and be
based on a holistic understanding a community's issues and needs (see Ghadiri et al., 2022).

The findings from the first phase of the research informed the development of systems maps, which
can be used as tools for integrated food systems planning in the Comox Valley. These systems maps
provide holistic pictures of how issues and strategies affect each other, directly and indirectly. When
looking at these systems, there appears to be a clear need for diverse groups and organizations to
plan, coordinate, and work together due to how strategies in different planning areas interact. The
systems maps serve as visual tools that can improve understanding about how different actions relate
to one another, and such insights can be used to improve future planning and strategies. The tools
can also be used to examine potential effects and current level of integration of existing programs and
strategies. 

Following the first phase of the research, an analytical framework was developed and applied to the
plans of the communities in the Comox Valley region in a study that examined the plans’ areas of
integration and gaps in integration. The plans analyzed in this work include one regional-scale plan
and five local-level (i.e., municipality or community) plan. Although developed for this research, the
analytical framework can also be adapted to other cases and communities.

Additionally, systems and network analyses techniques were applied to better understand how local
and regional food system relate to the CBH nexus. This analysis revealed how different components of
the food and CBH system of the Comox Valley region ‘cluster’ in terms of forming strong relationships
with one another. The results of this work can inform how to engage in integrated planning to
effectively address the complex issues related to different system components.

This report presents the outcomes of the research done following the first phase of the CBH nexus
project. Details on the first phase of the research project can be found in Ghadiri et al. (2022). This
report begins with a discussion on the document analysis study and its findings. Then, the report
presents the systems analysis work and its findings.
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2. Document Analysis

The research examined six plans in the Comox Valley area: one Regional Growth Strategy, four
Official Community Plans, and one Comprehensive Community Plan (see Table 1).

 Table 1. Features of local and regional plans in the Comox Valley region

2.1 The Local and Regional Plans
2.1.1 Comox Valley Regional Growth Strategy

The Comox Valley Regional Growth Strategy (RGS) was developed through a collaboration between
the Comox Valley Regional District, the City of Courtenay, the Town of Comox, and the Village of
Cumberland. The primary goal of the RGS is to establish a shared vision among local governments for
future land use and to facilitate the development of policies over the next two decades, as required
by the Local Government Act. The RGS aims to shape future growth based on local priorities and
provincial government objectives, thereby aligning provincial programs, regulations, and mandates
with community-based priorities. The RGS acts as a framework for making future decisions related to
land use, with the overarching aim of preserving the region's quality of life (Comox Valley Regional
District, 2018).

The RGS consists of three key components: (1) a vision statement for the Comox Valley region's
future over a 20-year period, (2) projections for population and employment in the region, and (3)
actions for addressing challenges such as housing, ecosystems, natural spaces, parks, local economic
growth, transportation, infrastructure, food systems, public health and safety, and climate change.

The RGS is organized into five parts. The first two parts introduce the RGS process and context and
provide a brief explanation of the challenges on which the RGS focuses. The third part outlines eight
RGS goals, each accompanied by relevant policies. Part four contains guidance on managing growth
through distinct regional land use designations. The fifth part of the document provides detailed
information on implementing and monitoring the RGS. 
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2.1.2 Rural Comox Valley Official Community Plan

The Rural Comox Valley Official Community Plan (OCP) was developed in November 2014 and
adopted in November 2020. It captures shared values and goals of the rural residents of the Comox
Valley region. The OCP contains policies to guide the actions (in terms of acceptable future
development) of community members, developers, elected officials, real estate agents, and other
regional actors. Along with the RGS, the Rural Comox Valley OCP provides direction for growth and
change in the three electoral areas of the Comox Valley Regional District (Comox Valley Regional
District, 2020).

The plan geographically targets the majority of the Comox Valley region’s lands and waters, with the
exceptions being the areas within municipal boundaries, Denman and Hornby Islands (which
governed by Islands Trust), and the K’ómoks First Nation’s lands. The OCP applies to rural
settlement areas, electoral area commercial nodes, and resource lands. The plan also applies to
certain coastal waters; however, there are jurisdictional overlaps, such as with Fisheries and Oceans
Canada, the Integrated Land Management Bureau, and the K’ómoks First Nation, as well as a
protocol agreement with Islands Trust for waters between Denman and Hornby Islands. 

The Rural Comox Valley OCP consists of three parts: (1) community vision and context, (2) objectives
and policies related to the natural environment, sensitive ecosystems, parks and greenways, climate
change, natural hazards, economy and industry, transportation, infrastructure, cultural heritage
resource, housing, and land uses, and (3) the administration of the region.

2.1.3 Town of Comox Official Community Plan

The Town of Comox OCP is organized into five parts. Part 1 contains a vision statement, background
information, the legal context of the OCP, the process for updating the OCP, the OCP’s structure, the
regional context statement, community values, and definitions of terms used in the OCP. Part 2
describes planning objectives and the relevant policies. Part 2 is divided according to different land
use categories, and it includes considerations around residential and affordable housing,
environmental health, transportation (both motorized and non-motorized), planning strategies for
an aging population, and infrastructure services (e.g., water, sewage, and waste management). Part
2 also covers considerations around economic development, historical and cultural resources,
prospective expansion of boundaries, and collaborative efforts between jurisdictions.

Part 3 of the OCP discusses Development Permit Areas (DPAs). A total of 18 types of DPAs are
described; seven of these serve to protect natural environment and ecosystems, nine address the
design and character of various developments, and one serves to protect developments from
hazards. Part 4 of the OCP provides the mechanisms for implementing and monitoring progress
toward achieving the OCP's objectives. Part 5 contains maps relevant to the OCP, such as maps that
display the locations of DPAs.

2.1.4 City of Courtenay Official Community Plan

The City of Courtenay OCP was developed through a collaborative process, which involved
community members in how the city's future will be shaped over the next decade and beyond. The
OCP describes strategies for achieving a vision, and it contains details on key challenges and
priorities, including climate change, social inequity, community well-being, and relationships
between Indigenous and non-Indigenous communities (City of Courtenay, 2022).

This OCP was developed and approved by the City Council in compliance with the Provincial Local
Government Act. It serves as a policy framework for guiding decisions about growth, development
permissions, and other community concerns such as housing and infrastructure. The OCP is effective
until 2031, and an increase of around 4,500 new residents in Courtenay is anticipated in this
timeframe.



City of Courtenay OCP consists of five parts: (1) foundations, (2) growth management, (3) objectives
and policies in street and transportation, building and landscape, affordable housing, natural
environment, parks and recreation, municipal infrastructure, social infrastructure, arts, culture and
heritage, food systems, and local economy, (4) implementation, and (5) local area plans.

2.1.5 Village of Cumberland Official Community Plan

The Village of Cumberland OCP is the product of a comprehensive restructuring and enhancement
of the municipality’s previous 2004 OCP. The primary goal of developing the new OCP was to
establish a framework of objectives, goals, and policies to direct land use planning and future land
management decisions in Cumberland. The OCP provides guidance for translating vision, goals,
objectives, and policies into actionable steps and initiatives (Village of Cumberland, 2022).

The OCP is organized into four parts. Part 1 provides an overview of the plan, explaining its purpose,
scope, and connections to other plans. Part 1 also discusses the demographics of Cumberland and
the consultation process used to develop the plan. Part 2 presents the community's long-term
vision, goals, and objectives. Part 3 describes policies in the areas of land use, housing, heritage
preservation, transportation, environmental conservation, and others. Part 4 discusses the
implementation of policies, community engagement, monitoring strategies, and regulations for
DPAs and heritage conservation areas.

2.1.6 K’ómoks First Nations Comprehensive Community Plan

The K’ómoks First Nation Comprehensive Community Plan (CCP) was developed to articulate the
community's aspirations, desires, needs, and visions for progress towards independence and self-
determination. The CCP emphasizes the need to embrace and incorporate diverse viewpoints in
planning and to exercise care and compassion within the relationships involved in planning. The CCP
is intended to be a guide for the community's future, and it is complemented with a Community
Action Plan (CAP) that outlines concrete steps for achieving goals. Both the CCP and CAP emphasize
the importance of language, culture, and collective goals (K’ómoks First Nation, 2014).

The CCP has four parts. The first three parts respectively focus on (1) reflecting on the past, (2)
understanding the present, and (3) envisioning the future. The final part of the CCP contains the
CAP, which focuses on actions toward implementing the plan and achieving community goals.

2.2 Analysis and Results

The analytical framework used in this research was prepared as a matrix that can be applied to  
examine areas of integration and gaps in planning and policy documents. The matrix displays the
relationships that form between food systems, climate change, biodiversity, and community health
issues, strategies, and considerations. The framework can downloaded from the project website: 

www.triaslab.ca/cbh-nexus#tools 

The application of the analytical framework to the Comox Valley plans resulted in two types of data:
(1) the types of food-CBH systems elements that are present in each plan, and (2) the interactions
and relationships found among these elements as identified in the plans. The results of the analysis
are organized thematically and summarized in Table 2.

In all plans, the theme of land and infrastructure demonstrated notably high numbers of references
and relationships with respect to those seen in the analytical framework. The analysis found that
this theme formed numerous systems relationships with elements/nodes in the biodiversity
conservation practices and climate action and risks themes, demonstrating the close associations
and interconnections among these planning and policy areas.
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Table 2. Systems elements (ref.) and relationships (impacts) identified in Comox Valley plans
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The RGS contained many elements related to the land and infrastructure theme, with these
primarily centering on land-use governance and transportation. In contrast, the theme of waste
challenges and management was the least featured in the RGS. This may be due to how the plan
particularly focuses on considerations related to growth and development.

Most of the land and infrastructure elements in the RGS appear to have systems relationships with,
and exert impacts on, other systems elements related to the themes of biodiversity and
conservation practices and climate action and risks. The theme of climate action and risks also
formed numerous relationships with elements in the theme of biodiversity and conservation
practices. Specific examples include the relationships that are seen with the RGS’s goals for
protecting ecosystems, natural areas, and parks.

Similar to the RGS, the land and infrastructure theme was most featured in all OCPs, while waste
challenges and management and knowledge exchange were least featured. The OCPs also
demonstrated strong integration of considerations related to the land and infrastructure,
biodiversity and conservation practices, climate action and risks, and food systems themes.
Examples include (1) the designation of environmentally sensitive areas and agricultural
preservation in housing and land-use planning, (2) efforts around connecting transit networks to
greenways for enhanced active transportation and reduced greenhouse gas emissions, (3) plans to
assess greenhouse gas emissions impacts of different land-use patterns, (4) the provision of local
food services and markets, (5) advocacy around reducing pesticide usage when integrating
agricultural lands with other land uses to minimize potential impacts to human health, and (6) the
integration of land development and food production spaces.

In the K’ómoks CCP, the theme of land and infrastructure also featured most prominently, while the
theme of waste challenges and management featured the least. Once again, the analysis found that
the land and infrastructure theme formed the most relationships with systems elements in the
themes of biodiversity and conservation practices and climate action and risks. The CCP identifies
the impact of land ownership and authority on environmental resources, habitat preservation, and
local food production. The plan also discusses the economic significance of hunting, trapping, and
fishing in the community. 

The CCP emphasizes Indigenous Peoples rights to manage their land and environment, along with
the importance of empowering Indigenous communities so that they can effectively manage the
developed and natural areas of their lands. These are key planning and governance considerations;
however, due to how the analytical framework was developed in this research (i.e., being based on
the food-CBH system), such considerations were not incorporated into the matrix and captured in
the analysis. This reveals a limitation of the framework, and it emphasizes the importance of
adapting the framework to different place-based and cultural contexts.
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2.3 Conclusions and Recommendations

This study demonstrated how planning in the Comox Valley captures the interconnectedness
among different local development and sustainability considerations, particularly among the
themes of land and infrastructure, biodiversity conservation practices, and climate action and
risks. The analysis also revealed that far less attention was given to the areas of knowledge
exchange and waste challenges and management in the plans. Accordingly, future planning could
give more attention to these areas, particularly with respect to their integration with other
planning areas and strategies.

Based on the findings of the study, several key recommendations are given here:

1) 

2) 

3) 

4) 

5) 

6) 

Sections dedicated to food systems: Create distinct sections in plans that specifically address
food systems issues and priorities. These sections should outline strategies related to food
systems, taking into account their implications for climate mitigation, land use, biodiversity
conservation, and human health.

Comprehensively capture interconnections among strategies: Emphasize the importance of
holistic approaches by articulating the interconnections among various strategies in the plans,
particularly those related to land use, housing, food, and human health.

Integration of local food-based economic development: Incorporate considerations around
enhancing local food economies when devising and discussing economic development
strategies and objectives in plans.

Incorporation of local knowledge: Identify and articulate strategies for incorporating local
knowledge (including that of Indigenous communities, non-governmental organizations, and
community members) in the development, implementation, and monitoring of plans. This
could be included in plans as distinct sections dedicated to local knowledge and inclusion.

Stronger inclusion of waste management: Identify and incorporate strategies related to
waste management (e.g., waste diversion, recycling, upcycling, composting) into the plans to
better address environmental sustainability issues and promote responsible resource usage.

Sections dedicated to biodiversity conservation: Include full sections in the plans that are
specifically dedicated to biodiversity conservation, and in these sections, identify the
relationships and tensions among land use, transportation planning, and biodiversity
conservation activities and strategies.
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3. Systems Analysis

Integrated community planning that employs systems thinking can be used for making progress
toward local food systems sustainability, as such approaches to planning enable recognition and
understanding of the complexity and diversity of these systems (Issac et al., 2022). In this
section, we discuss research that applied systems analysis techniques to explore different
components of the food system of the Comox Valley region and their relationships with the CBH
nexus. The results of the analysis provide insights into the opportunities and needs for effective
integrated planning that can support progress toward local sustainability and resilience.

Specifically, this systems analysis research aimed to: (1) capture stakeholder knowledge and
understanding of the interconnectedness of challenges and strategies surrounding food systems
planning and the CBH nexus, and (2) detect clusters or groupings of different components of the
food-CBH system. 

3.1 Methods and Analysis 

This research engaged stakeholders and applied a mixed-method approach to data collection
and analysis. Interview data collected in the first phase of the research was used to develop a
series of causal loop diagrams (CLD). CLDs are graphical representations of the relationships
among system components and their dynamic behavior. These types of diagrams serve to
improve comprehension of causality between individual components within a system and how
they operate as a ‘whole’, that is, a set of components (Castro, 2022). 

We used a similar approach to the methods employed by Gholipour et al. (2023) to create the
CLDs, which involved identifying system components and their causal relationships from excerpts
in  the interview transcripts. We then applied network analysis techniques, namely techniques to
identify clusters within the systems that form through high interconnectedness among certain
system components. 

We used Gephi for this analysis, and using network analysis techniques, we examined the
following characteristics of the system:

Centrality - the level to which a system component connects other systems components
through direct and indirect relationships

In-degree - the number of relationships a system component forms with other systems
components where it is being influenced/impacted by the other components

Out-degree - the number of relationships a system component forms with other systems
components where it influences/impacts the other components

The final analytical technique used in the systems analysis involved applying the Girvan-Newman
algorithm to identify tightly-knit groups of systems components within the system. The results of
this work revealed densely interconnected clusters (also known as ‘communities’) within the
system.
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3.2 Results
3.2.1 Food Systems and CBH Nexus 

The systems map produced through this work consisted of 123 systems elements (i.e., nodes)
and 275 relationships (i.e., edges). Of the 123 nodes, the majority relate to food (n=48), while the
others relate to climate (n=13), biodiversity (n=23), and health (n=17). An emergent category of
governance (n=22) was identified through the analysis, which consisted of nodes that did not
distinctly fit within the food, climate change, biodiversity, or health categories. The systems map
is shown in Figure 1.

Figure 1. Systems map of food and CBH nexus in the Comox Valley region
Each node is assigned a identification number (see www.triasla b.ca/cbh-nexus#tools to download the Gephi project
with all the node names and identification numbers). Node clusters are identified through colours. The node sizes in

the map represent their centrality values within the system. 

The nodes with the highest centrality values were food availability and production, community
mobilization, partnerships, climate risks, and regenerative agriculture (Table 3). Each of these
high-centrality nodes formed 18 or more connections/relationships within the systems map.

A summary of key findings is presented below, organized by the categories of food, climate
change, biodiversity, health, and governance.

https://triaslab.ca/cbh-nexus#tools
https://triaslab.ca/cbh-nexus#tools
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Food: Factors like climate change, funding, and workforce availability impact food availability
and production. Funding constraints and outdated agricultural practices hinder progress toward
local food sustainability and resilience. Climate change and risks can drive interest in exploring
different agricultural techniques and methods such as regenerative agriculture; however,
barriers related to funding and market demand create challenges around the adoption of these
techniques.

Biodiversity: Water scarcity and habitat conservation are key environmental concerns. Strategies
like drip irrigation can (in part) address water scarcity, while scarcity becomes a more severe
issue with climate change. Conservation efforts that target habitat preservation are enhanced
when they involve community collaboration, such as seen with initiatives like Project Watershed.
Additionally, training programs that support regenerative agriculture and sustainable agriculture
practices have the potential to build resilience against climate change-induced extreme weather
events, while also enhancing wildlife habitat.

Climate change: Climate change presents risks and disruptions to food availability and water
resources, and there is a need to identify and use climate-resistant crops. In addition, new
infrastructure is needed to adapt to climate change and its impacts on community health, such
as building heating/cooling centres to support community members during extreme weather
events. Climate change also forms systems relationships with air quality and deforestation, and
concerns around these issues can stimulate research, funding, and actions in areas such as the
expansion of green space.

Governance: Effective community mobilization can benefit food, biodiversity, and climate
objectives. Partnership initiatives have the potential to enhance conservation efforts and climate
resilience work. However, funding limitations and communication gaps hinder progress in such
areas. Increases in government support of, and resources for, community-driven initiatives are
needed.

Health: COVID-19 impacted/impacts physical and mental health, especially for vulnerable
groups. Simultaneously, rising housing prices exerted/exert a compounding impact on mental
health and people’s financial ability to access to healthy food. Furthermore, there are increasing
concerns about the impact of forest fire smoke on respiratory health.

Table 3. List of nodes with high connectivity within the food-CBH system
* Category codes in the table below refer to food (F), climate change (C), biodiversity (B), and governance (G)
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3.2.2 Exploring the Underlying System Characteristics

The analysis identified 15 clusters in the system, with the largest consisting of 31 nodes and the
smallest having 2 nodes (Table 4). C11, C15, C6, C14, and C13 are the largest clusters in the
system, and C4, C7, C8, C10, and C2 are clusters that only consist of three or fewer nodes. 

Table 4. List of nodes clusters identified in the food-CBH system



Figure 2 displays how the different clusters relate to the categories of food, climate change,
biodiversity, health, and governance in terms of the percentages of the nodes that pertain to each
of the categories. In the following paragraphs, we describe a few of the clusters, their
components, and their systems relationships and interactions. 

Figure 2. Cluster relationships to food, climate change, biodiversity, health, and governance 

The C14 cluster contains 11 nodes, and it is interesting in that these nodes pertain to a variety of
different categories. The cluster includes health-related nodes, such as COVID-19, mental health,
mental health services, emergency planning and services. The cluster also contains governance-
related nodes, such as community mobilization and community-focused projects. Additionally,
food- and climate-related nodes are found within the cluster, including local product awareness
and climate risk awareness. The tight relationship among these nodes indicates a need for
collaboration among local health, climate, and food specialists in planning processes to determine
how to address these interconnected local and regional challenges.

The C6 cluster is another interesting example. C6 consists of 13 nodes, including those related to
ecological risks (e.g., plastic debris and poor rainwater management) and those related to
strategies for address such risks, including increasing public greenspace, community gardens, and
surface water conservation. Community gardens have also been described as a strategy for
strengthening social connectivity in a community and building civic engagement through food
production; however, as noted by other researchers (Drake & Lawson, 2015), the success of
community gardens requires that they are integrated with broader initiatives and objectives (i.e.,
rather than being isolated, one-off efforts), as well as sustained by financial resources beyond just
an investment in their initial setup and establishment. 

1 2



Examples of smaller clusters include C9, which consists of nodes related to food waste and
strategies for reducing waste. The C7 cluster also relates to food, but with a focus on improving
the local food economy. C7 consists of three nodes, these being community-supported agriculture,
marketing local produce, and promoting small businesses in the Comox Valley region. The
interconnectivity of these nodes suggests that a coordinated implementation of such local food
strategies holds the potential to boost the local food economy and support local food markets. 

As a final example, the C12 cluster captures a set of interrelated governance-related challenges,
these being bureaucracy, delayed action, government siloes, top-down approach, and workforce
shortage (which affects the availability of government workers). These challenges need to be
considered and addressed with respect to their interconnectivity and how the issues interact and
compound one another. 

3.3 Conclusions

This research used stakeholder knowledge to map the food-CBH system in the Comox Valley
region. The systems mapping work was useful for identifying cause-and-effect relationships among
different components of the food-CBH system. Food production, availability, and accessibility are
foundational to food systems, and these are adversely impacted by climate change and degrading
biodiversity. Such impacts result in poor community health outcomes. Local governments,
community organizations, and stakeholders must collaborate to address the complex and
interrelated challenges associated with food, climate change, biodiversity, and health. Good
governance involves coordinating and integrating actions and efforts among these four planning
and policy areas.

By visualizing and analyzing food systems components and relationships, planners and decision-
makers can better understand the direct and indirect consequences of implementing certain
actions and strategies. Additionally, using systems and network analysis techniques to identify
clusters within the food-CBH system can reveal opportunities for collaboration, such as ways of
forming partnerships between different organizations to address food system challenges that are
tightly connected with issues related to other critical planning and policy areas. In this way, system
mapping and analysis can be used to identify key organizations, stakeholders, and actors to be
included in planning processes for developing and implementing integrated plans and strategies. 
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