
ON-CLIMATE.COM

The International Journal of

Climate Change:
Impacts and Responses

VOLUME 10  ISSUE 4

__________________________________________________________________________

Climate Action Co-benefits and 
Integrated Community Planning

ROBERT NEWELL, ANN DALE, AND MARK ROSELAND

Uncovering the Synergies and Trade-Offs



THE INTERNATIONAL JOURNAL OF  
CLIMATE CHANGE: IMPACTS AND RESPONSES 
http://on-climate.com 
ISSN: 1835-7156 (Print) 
http://doi.org/10.18848/1835-7156/CGP (Journal) 

First published by Common Ground Research Networks in 2018 
University of Illinois Research Park 
2001 South First Street, Suite 202 
Champaign, IL 61820 USA 
Ph: +1-217-328-0405 
http://cgnetworks.org 

The International Journal of Climate Change: Impacts and  
Responses is a peer-reviewed, scholarly journal. 

COPYRIGHT  
© 2018 (individual papers), the author(s) 
© 2018 (selection and editorial matter), 
Common Ground Research Networks 

Some Rights Reserved.  
Public Licensed Material: Available under the terms and conditions of 
the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International Public License (CC BY-NC-ND 4.0). The use of this 
material is permitted for non-commercial use provided the creator(s) 
and publisher receive attribution. No derivatives of this version are 
permitted. Official terms of this public license apply as indicated here:  
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode  

Common Ground Research Networks, a member of Crossref 

EDITOR 
Michel Gueldry, Middlebury Institute of International Studies, USA 

HEAD OF JOURNAL PRODUCTION 
McCall Macomber, Common Ground Research Networks, USA 

ADVISORY BOARD 
The Climate Change Research Network recognizes the contribution of 
many in the evolution of the Research Network. The principal role of 
the Advisory Board has been, and is, to drive the overall intellectual 
direction of the Research Network. A full list of members can be  
found at http://on-climate.com/about/advisory-board. 

PEER REVIEW 
Articles published in The International Journal of Climate Change: 
Impacts and Responses are peer reviewed using a two-way anonymous 
peer review model. Reviewers are active participants of The Climate 
Change Research Network or a thematically related Research Network. 
The publisher, editors, reviewers, and authors all agree upon the 
following standards of expected ethical behavior, which are based on 
the Committee on Publication Ethics (COPE) Codes of Conduct and 
Best Practice Guidelines. More information can be found at: 
http://on-climate.com/journal/model. 

ARTICLE SUBMISSION 
The International Journal of Climate Change: Impacts and  
Responses publishes quarterly (March, June, September, December). 
To find out more about the submission process, please visit  
http://on-climate.com/journal/call-for-papers. 

ABSTRACTING AND INDEXING 
For a full list of databases in which this journal is indexed, please visit 
http://on-climate.com/journal. 

RESEARCH NETWORK MEMBERSHIP 
Authors in The International Journal of Climate Change:  
Impacts and Responses are members of the Climate Change  
Research Network or a thematically related Research Network. 
Members receive access to journal content. To find out more,  
visit http://on-climate.com/about/become-a-member. 

SUBSCRIPTIONS 
The International Journal of Climate Change: Impacts and  
Responses is available in electronic and print formats. Subscribe to 
gain access to content from the current year and the entire backlist. 
Contact us at support@cgnetworks.org. 

ORDERING  
Single articles and issues are available from the  
journal bookstore at http://cgscholar.com/bookstore. 

HYBRID OPEN ACCESS 
The International Journal of Climate Change: Impacts and  
Responses is Hybrid Open Access, meaning authors can  
choose to make their articles open access. This allows their  
work to reach an even wider audience, broadening the  
dissemination of their research. To find out more, please visit  
http://on-climate.com/journal/hybrid-open-access. 

DISCLAIMER 
The authors, editors, and publisher will not accept any legal 
responsibility for any errors or omissions that may have been  
made in this publication. The publisher makes no warranty,  
express or implied, with respect to the material contained herein. 



The International Journal of Climate Change: Impacts and Responses 
Volume 10, Issue 4, 2018, https://on-climate.com 
© Common Ground Research Networks, Robert Newell, Ann Dale,  
Mark Roseland, Some Rights Reserved (CC BY-NC-ND 4.0). 
Permissions: support@cgnetworks.org 
ISSN: 1835-7156 (Print) 
http://doi.org/10.18848/1835-7156/CGP/v10i04/1-23 (Article) 

Climate Action Co-benefits and Integrated 
Community Planning: Uncovering the  

Synergies and Trade-Offs 
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Abstract: Engaging in climate action through integrated sustainability strategies can yield benefits for communities in 
more effective ways than through compartmentalized approaches. Such strategies can result in co-benefits, that is, 
community benefits that occur from acting on climate change that extend beyond mitigation and adaptation. For 
example, creating more walkable cities can be a strategy for reducing greenhouse gases, but can also lead to healthier 
communities. Climate strategies with co-benefits can result in “win-win” situations and thus improve practices for 
integrated community planning. However, this planning approach also presents challenges because it requires 
understanding complex relationships between community development practices and identifying synergies. In addition, 
some co-benefit strategies may also have associated challenges and trade-offs. This research examines climate action co-
benefits and trade-offs in order to develop a comprehensive picture of the relationships and potential effects of 
implementing certain plans and strategies. The research consisted of collecting data on climate action efforts occurring 
in eleven BC (Canada) communities and coding it to identify climate strategies, co-benefits, challenges, and trade-offs. 
Relationships between codes were then identified through a coding matrix, and these were used to build a series of 
models that illustrate co-benefits, challenges, and trade-offs associated with local climate action. Each model centered 
on a particular area of climate action, including energy innovation, urban densification, mixed-use and downtown 
revitalization, building stock, ecological capital, trails and transportation, and waste and water. The models provide a 
holistic impression of the advantages and disadvantages associated with different plans and strategies, which in turn can 
guide both quantitative analyses and qualitative explorations that contribute toward integrated community planning and 
decision-making. 

Keywords: Community Climate Action, Local Adaptation and Mitigation, Co-Benefits, Trade-Offs, 
Integrated Planning, Community Planning, Systems Models 

Introduction 

ntegrated planning is critical for realizing climate action plans and the implementation of 
sustainable community development. Solutions are beyond any one sector, any one 
discipline, and any one government to implement. Our current education and government 

systems are prone to what some describe as solitudes, silos, and stovepipes (Dale 2001), 
considerable barriers to integrated planning and the necessary collaboration for the resolution of 
modern-day challenges. Solitudes refer to the cleavages that result in divisions between actors 
and groups, such as language use, culture, and even geographical divisions. Silos refer to 
separation between researchers, private, and public sectors. Stovepipes refer to disciplinary 
structures and government departments. These barriers can result in disconnect between different 
actions and objectives, such as natural resource departments that contain both energy efficiency 
programs and incentives, while at the same time incentivizing traditional large extractive projects 
that contribute to increased greenhouse gas (GHG) emissions. Research shows that local 
communities most advanced in climate change innovation are those with policy congruence, 
policy coherence, and integrated planning processes (Dale et al. 2018). 

1 Corresponding Author: Robert Newell, 2005 Sooke Road, School of Environment and Sustainability, Royal Roads 
University, Victoria, British Columbia, V9B 5Y2, Canada. email: rob.1newell@royalroads.ca 
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This article argues for integrated strategies for energy, transportation, land, water, and 
biodiversity conservation, as has been argued by others (e.g., Ahern 2013; Shaw et al. 2014). 
Without long-term integrated planning, there can be unintended consequences. For example, a 
lack of zoning density enhances transportation sprawl, with the associated costs of long commute 
times and greater propensity to obesity (Sturm and Cohen 2004). Climate change mitigation and 
adaptation strategies have many social benefits including health outcomes for human and non-
human life, improved living conditions, and more sustainable communities (Berkhout 2005; 
Bosetti et al. 2009; Garnaut 2008; Government of British Columbia 2008; IPCC 2007; Stern 
2007; UNEP 2011). For example, the direct benefits of urban green spaces are carbon 
sequestration (Strohbach et al. 2012), reduced urban heat effects (Harlan et al. 2006), and 
decreased building heating and cooling energy needs (Akbari and Taha 1992). Other benefits 
associated with green spaces include those related to community members having access to parks 
and trails, such as potentially combatting obesity (Dahmann et al. 2010) and its co-morbidities 
such as hypertension, osteoarthritis, sleep apnea, and strokes (NHLBI 1998). 

The social benefits listed above demonstrate that climate action strategies can yield “co-
benefits,” that is, community benefits that occur from acting on climate change that extend 
beyond mitigation and adaptation. Strategies aimed at GHG emission reductions can lead to 
improved air quality and health outcomes by also reducing health-damaging air pollutants 
(Nemet et al. 2010). In this way, a “co-benefits approach” to climate action can result in “win-
win” situations, and thus improve practices for integrated community planning. However, this 
planning approach also presents challenges because barriers exist to achieving certain co-
benefits. For example, co-benefits of programs that promote and/or incentivize energy efficiency 
retrofits in residential buildings include reduced utility costs for those participating in these 
programs; however, in cases where heating costs are relatively inexpensive, it may be 
challenging to garner interest and participation (e.g., Newell and King 2012). In addition to 
challenges, some co-benefit strategies have associated trade-offs or “co-harms” (Spencer et al. 
2016), which prevent these strategies from resulting entirely in “wins” or gains. Co-benefits are 
often unplanned and are in many ways happy accidents, but deliberately optimizing these 
benefits requires understanding interdependent relationships between community development 
practices, identifying synergies, and addressing potential barriers and trade-offs. 

This research advances understanding on how to achieve more integrated climate planning 
and action through a detailed investigation of the relationships between strategies, co-benefits, 
trade-offs, and challenges. The research uses interview data collected on local climate action 
occurring throughout the province of British Columbia (BC), Canada. Analysis of the data 
resulted in a series of models, which provide pictures of the relationships and potential effects of 
implementing certain plans and strategies. The following sections report on this work and discuss 
the context of this research, data analysis and the modelling process, interpretations and main 
features of the models, and the implications of the models (and this research) for integrated local 
planning and decision-making. 

Background and Context 

This study is a part of a larger research project, Meeting the Climate Change Challenge (MC3), 
which explores climate action and innovation within Canada. MC3 researches climate action 
within BC in particular, where in the latter half of the 2000s, the provincial government engaged 
in a suite of policies and initiatives that encouraged and enabled local climate action and 
innovation (Burch et al. 2014; Dale et al. 2013). Research activities involve developing case 
studies on eleven BC communities2 that were identified by the research team and research 

                                                   
2 Case study communities consist of Vancouver, North Vancouver, Surrey, Eagle Island (located in West Vancouver), 
Victoria, T’Sou-ke First Nations, Campbell River, Dawson Creek, Revelstoke, Prince George, and Carbon Neutral 
Kootenays (an initiative involving a collection of communities in the Kootenay region). 
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partners as having implemented (or were in the process of implementing) innovative climate 
change strategies. 

The project consists of two phases. Data for the first phase was collected in 2012 using semi-
structured interviews, and interviewees comprised local government, practitioners, and 
community actors. The second research phase involved revisiting the case study communities to 
see if there had been any progress or changes with respect to local climate action. In 2016, a 
subsample of the original group (with representation from all eleven communities) was 
interviewed. Altogether, eighty-three people were interviewed in the first phase and twenty-seven 
were interviewed in the second phase. 

The current study uses the MC3 case study data. This data was not specifically collected for 
this work; however, the interview scripts contained questions pertaining to climate action co-
benefits (as well as trade-offs and challenges). The data was, therefore, deemed appropriate and 
useful for this particular investigation. 

Methods 

The primary objective of this research is to elucidate relationships between strategies, benefits, 
and trade-offs/challenges for the purposes of developing a comprehensive impression of the 
advantages and disadvantages associated with different plans and strategies. To this end, 
interview data were coded using NVivo (v. 11) in areas where co-benefits and/or trade-offs 
associated with climate action strategies were observed. Data were aggregated for this analysis, 
and examining differences between communities was outside the scope of the study. In addition, 
the year of data collection was not considered relevant for this investigation because the 
inclusion of 2016 data solely served to gather more ideas and examples of co-benefits and trade-
offs for a richer analysis, rather than for comparison between years. It is worth noting that certain 
events occurring between 2012 and 2016 created different opportunities and challenges for the 
communities in terms of implementing local climate action, for example, the 2014 municipal 
elections resulted in changes in leadership in some of the communities. However, the aggregation 
of data years was not considered a major study limitation because the co-benefits, challenges, 
and trade-offs identified in this study were considered to be relevant to both years. 

In total, eighty-four codes were generated and applied to the data—thirty-six benefits, thirty-
seven benefits, and eleven problems. Codes fell under one of three categories—strategy, benefit, 
or problem (i.e., trade-off or challenge). In many cases, a code could be framed as either a benefit 
or a problem, and decisions on framing were made based on the dominant narrative in the data 
that surrounded the code. For example, coding used for changes in vehicular traffic could be 
framed as “traffic reduction” (i.e., benefit) or “traffic” (i.e., problem); however, the framing 
selected was “traffic reduction” because this is how traffic changes were primarily discussed. 
Table 1 provides a complete list of the codes and their categorization.  

3
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Table 1: Codes Used for Analysis of Community Climate Action Interview Data 
Type Codes 

Strategy 

Biofuel, Brownfield redevelopment, Community engagement, Compost programs, 
Co-operative, Density, District energy, Downtown revitalization, Energy 
conservation, Flood management, Gardens and local agriculture, Green building, 
Green space and forests, Integrated design, Laneway cottages, Mixed-use, 
Pedestrian infrastructure, Public transportation, Recycling, Renewable energy, 
Retrofit rebates, Car sharing, Sensitive area permits, Sharing economy, Social 
planning, Social programming, Stormwater management, Trail network, Training 
and education, Trenchless technology, Urban trees and vegetation, Water meters, 
Water reclamation, Water stations, Wildfire management, Wood stove exchange 

Benefit 

Affordability, Air quality, Attract businesses, Beauty, Branding and exposure, 
Citizen accounts, Comfortability, Community support, Economic development, 
Employment, Energy security, Food bank services, Food security, Health, Land-use 
efficiency, Lighting quality, Local business, Microclimate, Municipal account, 
Noise reduction, Pride and motivation, Property value, Public awareness, Public 
safety, Recreation, Sense of place, Social capital, Social diversity, Social 
interaction, Tax base and labour, Tourism, Traffic reduction, Viewshed, Waste 
reduction, Water conservation, Water quality, Wildlife and habitat 

Problem Community opposition, Crime, Empty houses, Fossil fuel economy, Inconvenience, 
Inexpensive natural gas, Loss of developer interest, Loss of heritage, Overwhelmed 
with the issue, Upfront expense, Transport requirements 

Source: Data Adapted from Newell, Dale, and Roseland 
 

After applying codes, coded references were arranged into a coding matrix that showed 
where these references overlapped. These “areas of overlap” were examined to identify 
relationships between codes. The nature of a relationship differed depending on the types of 
codes within it. For example, a strategy-to-benefit relationship could be one where a certain 
benefit is received from enacting a strategy, whereas a strategy-to-strategy relationship would 
represent an association such as when one strategy is conducive to executing another. A strategy-
to-problem relationship could be one where a trade-off from or barrier to enacting a strategy 
exists, while a problem-to-benefit relationship could represent challenges obstructing receipt of a 
particular benefit. 

The directions of the relationships were identified, meaning they were characterized in terms 
of how a strategy, benefit, or problem exerts an effect on another (e.g., a strategy leading to a 
benefit or problem, a problem creating barriers to enacting a strategy, etc.). Relationships were 
also classified as either positive or negative depending on whether an effect was observed to be 
(respectively) enhancing/promoting or diminishing/counteracting in nature. For example, a 
strategy with a positive relationship with certain benefit represents a strategy resulting in co-
benefits, whereas as a strategy with a positive relationship with a problem is one with associated 
challenges or trade-offs. A problem with a negative relationship with a benefit represents a 
challenge that could diminish or prevent a benefit, whereas a strategy with a negative relationship 
with a problem represents a strategy/benefit overcoming or mitigating a problem. 

Altogether, 216 relationships were identified. These relationships were exported from NVivo 
and used to develop a series of systems models. Visual representations of the models were 
created using yEd Graph Editor (v. 3.17.2), and codes and relationships were respectively used to 
model nodes and connections. Due to the difficulties involved with clearly displaying all 84 
nodes and 216 connections in one diagram, the analysis was separated and seven models were 
produced. Each model centers on a particular area of climate action, and these areas were 
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selected by examining which strategy nodes had the most connections. The resulting models are 
defined as energy innovation, urban densification, mixed-use and downtown revitalization, 
building stock, ecological capital, trails and transportation, and waste and water. 

Results 

The following section reports on findings and relationships illuminated through the models, and 
where appropriate, the results refer to specific case study communities. When referring to a case 
study, the year that the data was collected is identified by placing DS12 (i.e., 2012 dataset) or 
DS16 (i.e., 2016 dataset) in parenthesis next to the name of the case study community. The 
results section also references other literature relevant to findings of the study; however, it is 
important to recognize that relationships modelled are only those found through the data analysis 
and additional literature was solely used to support these findings (i.e., rather than create new 
connections). 

As the analysis resulted in 216 different types of connections, the discussion of the results is 
not exhaustive. In addition, due to space and size limitations, the model images are reduced in 
size. To view the models in their larger format, visit: www.changingtheconversation.ca/co-
benefits. 

Energy Innovation 

The energy innovation model (Figure 1) captures mitigation strategies focused on transitioning 
from fossil fuels to green energy sources. A major strategy featured in the model is district 
energy,3 and co-benefits observed with this strategy include energy security from localized 
generation and employment associated with system development and operations. Revelstoke 
(DS12) data suggests that using biomass as a fuel source for district energy holds further co-
benefits associated with waste reduction (i.e., wood waste), and a Kootenay (DS12) interviewee 
explained that harvesting biomass fuel could also serve as a fire interface risk management 
strategy. A potential trade-off with district energy was noted by a Surrey (DS12) interviewee, 
who explained that implementing a district energy policy can “scare away” some developers as it 
adds certain requirements and specifications for the development. 

Renewable energy was associated with a multitude of different co-benefits. Some co-
benefits were applicable to a variety of communities and projects, such as education 
opportunities and employment surrounding the development of a local renewable energy 
industry. Other co-benefits differed depending on the nature of the renewable energy project. For 
example, the solar energy project in T’Sou-ke (DS16) has garnered great interest due to its scale, 
and this allowed the community to develop a successful tourism business around their solar 
energy operations. As another example, the wind farm near Dawson Creek (DS12) has a trail 
system around it, thusly producing co-benefits related to outdoor recreation and its associated 
health benefits (e.g., Dahmann et al. 2010). 

Financial co-benefits associated with renewable energy were also observed in the data; 
however, there were also barriers to receiving these benefits. Local renewable energy projects 
can be used to reduce demand from utility companies resulting in financial savings, such as with 
T’Sou-ke’s (DS12) solar energy operations. However, costs of infrastructure and long payback 
periods on investment can create difficulties around generating buy-in for developing local 
renewable energy capacity. Extensive and effective community engagement could potentially aid 
in overcoming this barrier, as evidenced by Eagle Island (DS12) and T’Sou-ke (DS12). 

                                                   
3 District energy refers to systems that “provide heating [and] cooling...from a central plant or a complex of distributed 
sources to many buildings—often in a neighbourhood, downtown district or campus” (C40 Cities Climate Leadership 
Group 2016, 5). Examples of district energy systems in BC communities include the biomass-based systems built in 
Prince George (Newell and King 2012) and Revelstoke (Burch 2012). 
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Health co-benefits were also brought into the energy innovations model, and these included 
benefits through woodstove exchange programs implemented in the Kootenay region (DS12), 
Campbell River (DS12), and Prince George (DS12). These programs involved exchanging older 
woodstoves for high efficiency models that produce lower levels of particulate matter, and thus 
result in increased air quality and lower rates of respiratory illness (Hong et al. 2017). In addition 
(although not so much a strategy), the model also included the air quality improvements 
experienced from closing a local industry that is both energy intensive and polluting, drawing 
from an interviewee’s comments on pulp and paper in Campbell River (DS12). Although such a 
closure has both energy- and health-related benefits, it is also associated with a significant trade-
off, this being the loss of local employment. 

Renewable energy was associated with co-benefits related to the growth of the green 
economy, but it is important to note that energy transitioning has economic trade-offs as well. A 
Vancouver (DS12) interviewee pointed out the strong economic role the fossil fuel industry has 
in Canada, and from a provincial perspective, approximately 5,000 people are employed in oil 
and gas extraction in BC (BC Stats 2017). Therefore, similar to the pulp and paper example 
above, it is worth recognizing that phasing out certain industries is associated with both 
challenges and opportunities. This is a further argument for the need for integrated long-term 
planning that simultaneously considers ecological, social, and economic imperatives (Ling et al. 
2007, 2009).  

 

 
Figure 1: Model of Co-benefits and Trade-offs Associated with Energy Innovations 

Light blue nodes represent strategies, and dark blue nodes represent strategies that link to other models (BS—building stock; 
TT—trails and transportation; WW—waste and water). Green nodes represent benefits, and orange nodes represent trade-offs 

or challenges. Green connections refer to positive relationships, and red connections illustrate negative relationships. 
Source: Newell, Dale, and Roseland 
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Urban Densification 

Densification achieves mitigation outcomes due to the efficiencies experienced with 
transportation and residential energy usage in areas of urban density (Dodman 2009). Results 
from this study support this finding, particularly in terms of transportation. As seen in Figure 2, 
densification provides opportunities for developing urban trail networks or pedestrian routes, and 
it also meets requirements for effective public transportation. As seen in a different model below, 
trails and transportation comprise a climate action strategy in their own right and thus these 
would not be considered co-benefits of climate action, per se; however, what these relationships 
demonstrate is that densification can enable other climate action that has its own associated co-
benefits. In a similar vein, densification provides the necessary conditions for district energy 
systems, which is a featured element of the energy innovation model. 

Infill and brownfield development were discussed as an avenue for densification, and this 
approach is beneficial in terms of reducing urban sprawl and making efficient use of municipal 
lands. Co-benefits experienced from land-use efficiency include maintaining ecological capital 
from reducing sprawl and urban encroachment on natural areas. In addition, co-benefits include 
cost avoidance in municipal budgets due to financial savings from delivering municipal services 
to more compact communities (as opposed to sprawling communities). 

Some trade-offs and challenges were observed with densification approaches to community 
development. These primarily related to changes in the “character” of places, and the resulting 
effect on local sense of place. More specifically, densification can involve redevelopment that 
might affect older neighbourhoods with local history and heritage value. In addition, high-rise 
buildings can obstruct views, which impacts local viewshed experiences and ultimately sense of 
place. These effects could be mitigated through taking approaches to densification that involve 
low-rise infill developments, for example, Revelstoke (DS16) is exploring such an approach that 
involves laneway cottage development. 

Potential trade-offs were also observed between densification and community cohesion, and 
such trade-offs also have implications for local place values and identities. These trade-offs 
related to concerns around new units being purchased by second home-owners and the potential 
“loss of community” that may result from empty houses (Gallent 2014), as was expressed in 
Revelstoke (DS16). Another issue regarding community cohesion relates to the community 
opposition that might emerge in response to new development. Such opposition could be 
mitigated by first targeting unattractive brownfield areas for development, as was described by 
an interviewee from Surrey (DS16) as “low hanging fruit.” 
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Figure 2: Model of Co-benefits and Trade-offs Associated with Urban Densification 

Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 
other models, and these include: MD—Mixed-used and downtown revitalization; BS—building stock; EI—energy 

innovation; TT—trails and transportation; EC—ecological capital. 
Source: Newell, Dale, and Roseland 

Mixed-use Development and Downtown Revitalization 

Mixed-used development as a climate action strategy is similar to urban densification in how it 
contributes to active transportation. However, this study separates these into two different models 
because the former refers to composition and urban form, whereas the latter refers to 
concentrations of buildings, workplaces, and dwelling units. Downtown revitalization was 
incorporated into the mixed-use development model (Figure 3) because references to such 
revitalization typically envisioned downtown areas as having commercial and residential 
functions (Kootenays, DS12; Campbell River, DS12; Campbell River, DS16; Prince George, 
DS12; Surrey, DS12). 

A co-benefit of mixed-use development and revitalizing downtown areas is that they 
contribute to the economic viability of local businesses because such strategies place potential 
customers in proximity with businesses (i.e., local residents) and encourage other residents to 
visit these areas. Downtown revitalization can also contribute to tourism, which furthers the 
economic viability of local businesses. However, as noted by a North Vancouver interviewee 
(DS16), such revitalization can also present trade-offs in that these areas can also attract large 
retail companies that present significant commercial competition for smaller locally-owned 
businesses. In addition, a trade-off occurs with these areas becoming more desirable places to 

8
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live, work, and play because property values increase with this desirability and (thus) 
affordability decreases. 

The mixed-use development model is similar to urban densification in how it presents trade-
offs related to sense of place. However, the models differ in that mixed-use approaches do not 
explicitly call for infill development and as a result could consist of new developments that 
encroach on natural spaces and impact ecosystems. These impacts potentially could be mitigated 
through strategies such as requiring sensitive area permits for developments, as suggested by a 
Kootenay (DS16) interviewee. 

Although challenges exist with new development, such developments also present 
interesting opportunities for innovative methods around building and/or upgrading infrastructure. 
For example, trenchless pipe technology implemented in Victoria (DS12) can be repaired without 
excavating and replacing asphalt. Through these means, trenchless technology contributes to 
mitigation due reducing emissions associated with roadwork and materials, while having co-
benefits such as costs savings and reducing traffic-related congestion. 

A particularly interesting relationship observed in the data was between crime and vehicle 
traffic. Prince George (DS12) data revealed that people were less inclined to travel by active 
transport through a downtown area perceived as “unsafe.” The social programs strategy was then 
added to the model as a potential method for reducing local crime-related issues based on 
comments by a Revelstoke (DS12) interviewee, who discussed the city’s early childhood 
education program as potentially directing “at-risk” youth toward “the right path.” Although the 
link between this program, crime, and vehicle emissions was not explicitly made, integrating the 
findings from Revelstoke and Prince George data provides evidence for suggesting that 
communities should recognize the role social factors and conditions play in the production of 
GHG emissions when engaging in mitigation efforts. 
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Figure 3: Model of Co-benefits and Trade-offs Associated with Mixed-use Development and Downtown Revitalization 
Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 

other models, and these include: UD—Urban densification; TT—trails and transportation; EC—ecological capital. 
Source: Newell, Dale, and Roseland 

Building Stock 

The building stock model (Figure 4) focuses on GHG emission reductions through green building 
and retrofitting strategies. Green buildings can contribute to mitigation efforts through increased 
energy efficiency, as well as having a role in adaptation planning through more efficient water 
usage. Due to energy and water efficiencies, a clear co-benefit of green building and retrofitting 
strategies is the financial savings for the operators or residents of these buildings, and indeed, this 
was a co-benefit that was featured in most of the case study communities. However, it was also 
noted that inexpensive natural gas prices present challenges for realizing such a benefit, as this 
can discourage local residents from retrofitting their homes (e.g., Prince George, DS12). 

Several benefits and trade-offs in the building stock model relate to affordability. Upgrading 
the energy efficiency of a home increases the property value and is advantageous for the home-
owner; however, it simultaneously decreases affordability for new home buyers. Affordability 
can also be affected more indirectly through how green innovations can increase the “appeal” of 
a city. Data from Victoria (DS16) suggests that proliferation of green buildings can increase 
exposure of a community in terms of being known and branded as a “green” place to live and 
work, and Vancouver (DS16) data indicates that such a brand can attract businesses. This in turn 
makes a community more attractive, thus driving up housing prices. However, this issue can (in 
part) be addressed by increasing affordability through a co-benefits approach that integrates 
social planning with energy planning. Such an approach was discussed in Surrey (DS16), where 
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the city delivered workshops and partnered with landlords on ways of reducing utility expenses 
(i.e., energy planning) and in turn these savings could be (at least in part) passed on to tenants 
through lowered rental prices (i.e., social planning). 

Community engagement is featured in the building stock model due to a particularly 
successful grassroots initiative in Eagle Island (DS12), where a local resident mobilized her 
community into conducting mass retrofits. The approach she took was to gather people for social 
events, where they discussed advantages and ways of going about retrofitting their homes. These 
events resulted in increased social interaction, and thus were co-beneficial in terms of building 
stronger social capital ties in that particular community. 

The building stock model also features a relationship between green buildings and health. 
This benefit is experienced in two ways. The first is through the building design itself, for 
example, installation of solar tubes, such as done in a municipal building in Campbell River 
(DS12), delivers natural light to those within the building thus resulting in a health benefits 
associated with receiving natural (rather than artificial) light. The second relationship is indirect 
and involves integrating building design with green space and urban trees. Cultivating green 
space and trees within urban areas can help regulate local temperatures and reduce air 
conditioning related energy consumption, while also creating shaded microclimates that reduce 
vulnerability to heat stress (Harlan et al. 2006). Increased access to green space also results in 
increased mental health benefits (Sturm and Cohen 2014), as even the planting of ten trees on a 
street has health benefits equivalent to boosting income by $10,000 (Kardan et al. 2015). 

 

 
Figure 4: Model of Co-benefits and Trade-offs Associated with Building Stock Strategies 

Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 
other models, and these include: MD—mixed-used and downtown revitalization; EI—energy innovation; EC—ecological 

capital; WW—waste and water. 
Source: Newell, Dale, and Roseland 
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Ecological Capital 

The ecological capital model (Figure 5) captures strategies relating to the cultivation, 
maintenance and protection of green space and urban vegetation. Such strategies constitute 
climate action through the mitigation benefits received from carbon sequestration (Spencer et al. 
2016; Strohbach et al. 2012) and the adaptation benefits associated with flood control (Erwin 
2009) and temperature regulation in warming climate (Brown et al. 2015). Health co-benefits 
were found to be associated with green spaces, including health benefits received from having 
access to green space (Mass et al. 2006) and the benefits drawn from having opportunities for 
recreation and exercise. Green spaces were also noted by interviewees to benefit wildlife and 
biodiversity, and this includes urban parks (Goddard et al. 2010; Jim 2004; Rudd 2002) as well 
as larger natural spaces located outside of developed areas. The latter is critically important given 
the alarming reports about current rates of biodiversity loss (Rockström et al. 2009; WWF 2016). 

Another co-benefit associated with parks and urban vegetation is improved local aesthetics 
and added beauty to communities. This in combination with afforded recreational opportunities 
can contribute to tourism and local economic development. However, it was found through 
Revelstoke (DS12) data that such a benefit also comes with a trade-off related to the stress 
increased tourism can place on ecosystems. Trade-offs were also identified for urban tree and 
vegetation strategies, particularly through West Vancouver (DS16) data where it was noted that 
some community members would prefer to have certain trees removed as they obstruct their 
views. These viewshed trade-offs are specific to individual property owners; however, they are 
worthwhile considerations when thinking about reasons why certain residents may or may not 
support certain climate action strategies in their neighbourhood. 

Gardens and local agriculture were incorporated into the ecological capital model, and they 
can be regarded as climate action strategies because of the reductions in transportation 
requirements experienced with local food production. However, as displayed in Figure 5, locally 
produced food can also become an export item to increase economic viability of an agricultural 
operation. Therefore, the export activity of local food sources should be considered when 
engaging in climate action planning and GHG accounting, and cooperative food strategies 
involving local government, community stakeholders, and regional authorities (e.g., Oldejans 
2017) could be explored when considering how to improve local distribution networks. 

Agricultural operations can be integrated into local park systems, such as the farm located in 
Loutet Park in North Vancouver (DS16), and like green spaces, they produce co-benefits 
associated with local aesthetics and wildlife (e.g., pollinators). Urban farms also provide food 
security co-benefits due to increased local food capacity and access to healthy foods. In addition, 
local agriculture provides economic benefits through employment, as well as educational 
opportunities for residents to learn about agriculture and farming practices. Furthermore, it 
creates opportunities for building social capital between customers and food producers, as well as 
sharing knowledge on growing and food practices (Seyfang 2006).  
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Figure 5: Model of Co-benefits and Trade-offs Associated with Ecological Capital Strategies 

Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 
other models, and these include: BS—building stock; TT—trails and transportation; WW—waste and water. 

Source: Newell, Dale, and Roseland 

Trails and Transportation 

The trails and transportation model (Figure 6) centered on mitigation strategies aimed at reducing 
vehicle traffic. One of the major strategies featured in this model is the development of trail 
networks and pedestrian routes. Such routes can be used for both recreation and active 
transportation, and the co-benefit that emerges from this include improved health outcomes, such 
as reduced hypertension and obesity (Sturm and Cohen 2004). Other co-benefits from developing 
trail networks include economic benefits from attracting tourists, community aesthetics 
associated with building greenways, and financial savings for residents who engage in active 
transportation rather than drive. 

Trail network strategies exhibited synergies with adaptation planning, in particular flood 
management. An example of this was observed in the Kootenay (DS12) data, where a strategy 
was discussed that involved restoring a creek to natural conditions and lowering its flow rate. 
The strategy aimed to improve stormwater management and reduce flood risk; however, it also 
opened up opportunities to create a creekside trail that follows a beautiful natural feature. This 
example demonstrates that opportunities exist for integrating mitigation and adaption, while also 
promoting community health and quality of life. 

Co-benefits associated with public transportation and car sharing were identified as well. 
These primarily stemmed from reductions in vehicular traffic, such as health benefits from 
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improvements in local air quality resulting from reductions in car emissions (Frank and Raine 
2007) and a more pleasant living experience due to decreases in local congestion and traffic 
noise. Car sharing and public transportation also had the added co-benefit of financial savings for 
users of these services, particularly in times of rising fuel costs. In terms of problems, the 
inconvenience that results from having to plan trips based on bus schedules or shared vehicles 
was identified as potential barrier to transportation strategies, as it can discourage transit 
ridership and participation in shared vehicle programs. However, such inconvenience can be 
reduced through improving trail systems and more integrated pedestrian/bike routes in order to 
provide options for multiple modes of transportation. 

 

 
Figure 6: Model of Co-benefits and Trade-offs Associated with Transportation Strategies 

Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 
other models, and these include: UD—urban densification; MD—mixed-used and downtown revitalization;  

EC—ecological capital; WW—waste and water. 
Source: Newell, Dale, and Roseland 

Waste and Water 

Waste management is relevant to climate action because waste stream diversion leads to climate-
mitigation benefits related to reductions in energy consumption and deposition of methane-
producing wastes in landfills (Weitz et al. 2011). Water was incorporated into the waste model 
(Figure 7) due to waste- and stormwater considerations; however, unlike solid waste, water 
strategies are more adaptation focused. These include managing stormwater and flood risks and 
conserving water to maintain adequate supply in the face of increasingly severe drought seasons 
(Easterling et al. 2000). 
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Several strategies contribute to waste reduction and diversion from landfill, and these 
include recycling, using waste wood for biomass energy, converting organic waste into biofuel, 
providing water stations for refillable bottles, and composting. Co-benefits received from waste 
reduction relate to land-use efficiency, as diversions from the waste stream decrease the rate in 
which landfill capacity is reached and new land is required for waste deposition. In addition, 
initiatives such as biomass energy and composting programs have benefits associated with 
treating waste items as useable products. Composting is particularly beneficial for gardening and 
local agriculture, and it was noted in a Campbell River (DS16) interview that organic waste can 
even have economic value if processed and sold as fertilizer. 

Although waste reduction strategies can serve climate action purposes, it is important to 
recognize that there are transportation-related GHG emissions associated with recycling and 
composting programs. Therefore, when examining the benefits and trade-offs of certain 
strategies, it is worthwhile to consider how these strategies are being executed. For example, 
composting can be done within a private or local community garden, or it can be picked up and 
brought to a composting facility. The latter case will have emissions associated with the 
transportation of the compost. 

The sharing economy is incorporated into the waste and water model, based on comments 
made by a Victoria (DS12) interviewee, who explained that sharing systems can contribute to 
mitigation. The model represents this relationship as a connection between sharing economy and 
waste reduction; however, in reality, it is a broader relationship that encompasses emissions from 
manufacture, transport, and discarding of goods. Sharing systems (theoretically) can reduce 
demand for new items and also provide a place for older items that might otherwise get discarded 
during “spring cleaning” or downsizing activities. Sharing economy has co-benefits associated 
with social capital, as these economies often involve community spaces where shared goods are 
stored. 

Water conservation strategies include water metering and reuse of greywater. As seen in the 
building stock model above (Figure 4), water conservation is associated with financial savings 
co-benefits due to reduced utility costs; however, it is important to recognize that this is not 
necessarily the case with all water conservation strategies. In particular, although water 
reclamation is a conservation strategy, reclamation systems can be quite expensive and this 
creates difficulties in making a direct relationship between water conservation strategies and 
financial savings. This was exemplified in Dawson Creek (DS12), where an interviewee 
explained that a local industrial water reclamation project could not be feasibly operated by the 
municipality without the support of their industry partner. 

Stormwater management is associated with the ecological capital model because green space 
and urban vegetation provide permeable surfaces for increasing water infiltration and reducing 
runoff (Young 2010). Due to this association, stormwater management is indirectly tied to the 
co-benefits associated with the ecological capital model. In addition, stormwater management is 
directly linked with wildlife and habitat benefits, as this management involves reducing the 
amount pollutants introduced into freshwater systems through surface runoff (Arnold and 
Gibbons 1996). 
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Figure 7: Model of Co-benefits and Trade-offs Associated with Waste and Water Strategies 

Nodes and connections are formatted in the same manner as the models. Dark blue nodes represent strategies that link to 
other models, and these include: BS—building stock; EI—energy innovation; EC—ecological capital. 

Source: Newell, Dale, and Roseland 

Discussion 

The intent of modelling the relationships between climate action strategies, co-benefits, 
challenges, and trade-offs was to demonstrate the value that these models can contribute to 
integrated planning efforts. The models produced from this work can be used for integrated 
planning purposes in multiple ways. One such way involves using them as tools for informing 
the design and objectives of quantitative urban systems modelling exercises. For example, the 
trails and transportation model suggests walkability, health, and air quality are important 
variables to consider when thinking about the co-benefits associated with reducing vehicle-based 
emissions. Therefore, a quantitative modelling exercise could include relationships between 
walkability and health outcomes (e.g., Berke et al. 2007), as well as relationships between 
walkability and air quality (e.g., Marshall et al. 2009). In addition, the trails and transportation 
model links to the ecological capital model and biodiversity conservation through a relationship 
between trail networks, green space and habitat preservation; thus, the quantitative analysis could 
also include variables/relationships associated with green space, such as wildlife habitat (e.g., 
Grêt-Regamey et al. 2013), as well as the effects residential proximity to parks has on mental 
(e.g., Sturm and Cohen, 2014) and physical health (e.g., Maas et al. 2006). Ultimately, through 
exploring the conceptual co-benefits models and the paths of connections within these models, 
more variables can be identified for including within urban systems modelling exercises. In turn, 
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the urban systems model can be used for examining possible outcomes of different development 
scenarios, for example, the community health and emissions outcomes that might occur from 
developing extensive trail networks or locating high-density residential areas near green space. 
Alternatively, they can also be used for redesigning urban space and infill developments. 

Although the conceptual co-benefits models have value as a basis for quantitative modelling, 
many of the factors within these models do not have quantitative measures. In addition, certain 
items that have been quantified in previous research, such as social capital (e.g., Grootaert et al. 
2004) and sense of place (Cross et al. 2011; Jorgensen and Stedman 2001), do not have a 
standard method for measurement and there is currently no clear approach for linking these 
variables to others within quantitative modelling process. However, Sustainability Assessment 
tools such as the Community Sustainability Balance Sheet and the Telos Triangle can incorporate 
proxy values in quantitative models as needed. The Balance Sheet for example is based upon a 
community capital framework, which consists of a set of six capital stocks—natural, physical, 
human, social, economic, and cultural. Each stock includes targets, thresholds, and indicators. 
Where indicators do not exist for a particular value, appropriate alternatives can be determined. 
The Balance Sheet enables municipal or neighbourhood assessment of progress toward goals 
over time using measurable indicators; it can also be used to highlight progress toward goals for 
a specific policy or project (Roseland 2012).  

In some cases where quantitative measures and methodology are unclear, the co-benefits 
models can provide guidance on selecting other tools and methods that could be useful for 
planning processes. For example, in the urban densification model, a trade-off was observed 
between density and sense of place through a potential loss of local “character.” In addition, a 
trade-off was also seen between density and viewshed, and as seen in other research  
(e.g., Devine-Wright and Howes 2010), impacts to viewsheds can affect local sense of place. 
Therefore, when exploring strategies that have urban density implications, planners can consider 
employing tools that can provide insights on such factors, in particular realistic visualizations 
that can convey impacts to local views and place-based values (Newell and Canessa 2015; 
Newell and Canessa 2017; Newell et al. 2017). There are a variety of other innovative planning 
tools can assist such integrative planning processes and analysis. The Community Capital Scan, 
for example, is a web-based tool for early stage evaluation of expected impacts of projects and 
policies. The Scan is a dialogue- and decision-support tool that can be used to gauge decision-
maker and stakeholder perceptions of proposed projects and policies across six forms of 
community capital. The Scan has the potential to combine the scientific rigor of an expert-led, 
top-down approach with the collaborative engagement process of bottom-up participation by 
community members. Scan participants can be selected to provide a representation of the whole 
community and/or be chosen based on their knowledge of the community, local expertise, stake 
in a particular form of capital, and/or their ability to represent a distinct population within the 
community (Roseland 2012). Other planning tools such as MetroQuest and Community Viz also 
incorporate visualization. 

The co-benefits models can also be used for purely qualitative explorations, which can guide 
planning discussions and stakeholder workshops. Such a process could involve bringing local 
government and community stakeholders together to discuss different options for climate action, 
and the co-benefit models can be brought into the sessions to stimulate thinking around 
advantages and disadvantages of these options. For example, Barron et al. (2012) describe how 
the development of the 2007 King County Climate Plan (King County, WA) consisted of a 
community engagement process involving stakeholders and government (regional and local) who 
gathered to discuss priority areas for policy formation. They explain that the Climate Plan 
outlined climate adaptation and mitigation objectives in areas such as land use, growth 
management, transportation, water, and clean energy, and through a co-benefits approach, 
government and stakeholders could explore how policies would address these objectives while 
also aligning with other social, ecological, and economic imperatives. 
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While our research has demonstrated the co-benefits relationships within each of the seven 
models and suggested uses for these models, it raises the question of how we link all seven 
models together in a way that is useful for researchers and practitioners. We separated our 
analysis into seven models due to the difficulties of clearly displaying all 84 nodes and 216 
connections in a single diagram. Even if we were able to display them all in one diagram, trying 
to make sense of it would be daunting although not impossible. Geneticists and astrophysicists, 
for example, routinely deal with complex data; while these are still early days for big data in the 
social sciences, it would appear that big data may have significant potential when applied to this 
kind of challenge. In the meantime, how can these seven models be taken together to advance 
theory and practice with respect to co-benefits? We need a framework.  

A framework, as an analytical category, is a set of principles and guidelines. Sustainability 
frameworks often attempt to interconnect multiple sustainability dimensions and they are 
intended to be replicable (i.e. applicable across various settings). In the realm of urban 
sustainability, Joss et al. (2015) identified forty-three frameworks, most of which were 
established since 2008. Some of the more widely known of these include BREEAM 
Communities, Eco-Districts, Global City Indicators Facility, LEED-ND, One Planet 
Communities, and Star Community Rating System.  

The multitude of definitions and sustainable development plans, the various agendas 
reflecting specific actors’ interests, and the lack of a shared understanding in sustainability 
assessment have contributed to limited and inconsistent application of sustainability principles. A 
common sustainability language and well-grounded theoretical foundations, coupled with an 
integrated framework and real-world model applications, are required in order to achieve 
effective implementation of local sustainability. Lack of public uptake is due in part to 
monitoring, assessment, and decision-support frameworks and tools that do not engage citizens 
and their governments in a shared, strong sustainability analysis, and/or vision (Roseland and 
Spiliotopoulou 2016).  

Although the contextual character of sustainability may pose scoping and implementation 
difficulties due to questions of boundaries, comparability, and data accessibility (Joss et al. 
2015), standardized, out-of-the-box frameworks may be too data-driven and not always place-
relevant, as community values and culture may disconnect data from reality. Researchers 
generally agree that effective indicators need to be relevant and meaningful, measurable and 
feasible, sufficient, timely and consistent, scale appropriate, participatory, systemic, and flexible 
(Bond et al. 2013; SDSN 2014). 

Current research on sustainability performance assessment demonstrates that the field is not 
yet fully developed. While there are many frameworks in existence, their development appears to 
be taking place amidst the solitudes, silos, and stovepipes (Dale 2001) we noted at the outset. 
Most of these frameworks and the decision-making processes that result from them fail to 
acknowledge the importance of several aspects of sustainability, for example, the systemic nature 
of urban areas, the strong need for integration of human and environmental health interests, the 
“globalizing world” in which resources are produced and consumed in different regions, the need 
for emphasis on social inclusion, equity, constructive societal mobilization, and security 
(Newman and Jennings 2008). These concerns are now manifested in demand for strong 
sustainability approaches and a common language for sustainability researchers and practitioners. 
Sustainability frameworks need to be enhanced and possibly aggregated (Joss et al. 2015; 
Roseland and Spiliotopoulou 2017), so as to promote a shared understanding of integrated 
planning and development. 

A promising step in this direction is the United Nations’ adoption of the 2030 Sustainable 
Development Goals (SDGs), where 169 targets and 230 indicators are grouped under seventeen 
individual goals into a single framework (SDSN 2014). While the inclination and temptation of 
many observers will be to examine each of the seventeen goals separately in order to achieve 
greater depth, arguably the greatest significance of the SDGs is that they are indeed a set. 
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Institutions such as universities and governments are now engaging in SDG mapping to 
determine what programs, policies, and initiatives within their organizations correspond to which 
SDGs, where their organizational strengths and weaknesses are with respect to the SDGs, and to 
inform their program planning and development (SDSN Australia/Pacific 2017). 

Conclusion 

The purpose of this research is to examine climate action co-benefits and trade-offs in order to 
develop a comprehensive picture of the relationships and potential effects of implementing 
different plans and strategies. Another objective was to develop models that would assist 
decision-makers in assessing which actions yield optimal benefits. While the research achieved 
this objective, it is important to recognize that the models were built using data aggregated from 
multiple communities that varied in size, urbanness, and culture. In one sense, this could be 
considered a strength of the research because the models were informed by a diversity of 
different conditions and ideas, rather than being limited to a particular community context. 
However, this also means that the models are not place-specific, and users would need to 
consider how the various model relationships and elements relate to their local context. Such 
considerations can be handled collaboratively through local government and stakeholder 
workshops that involve discussions on different climate action strategies and their broader 
implications. Using the models in such collaboration can result in a holistic impression of the 
advantages and disadvantages associated with implementing certain plans and strategies in the 
local community, which in turn can inform and enhance integrated community planning and 
decision-making. 

As previously discussed, in many cases, co-benefits have not been planned nor have they 
been measured or accounted for in the bottom line, particularly the increased job opportunities. 
However, this research shows that co-benefits can be deliberatively planned and can serve as a 
basis for integrated planning. Understanding and modelling these co-benefits can result in 
powerful tools that can enhance community engagement processes and sustainability, where 
government and stakeholders can bring in place-specific considerations and explore how to 
achieve multiple goals through certain strategies and bring in place specific considerations. 
Although trade-offs or “co-harms” (Spencer et al. 2016) may be inevitable, many could possibly 
be avoided through this kind of integrated deliberative planning and modelling. At the very least, 
a conversation could be started on recognizing both the advantages and disadvantages of taking a 
particular development path.  
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Joss, S., R. Cowley, M. de Jong, B. Mü ler, B. S. Park, W. E. Rees, M. Roseland, and Y. Rydin. 
2015. Tomorrow’s City Today: Prospects for Standardising Sustainable Urban 
Development. London: University of Westminster. 

Ling, C., K. Hanna, and A. Dale. 2007. “Integrated Community Sustainability Planning Tool.” 
Developed through the Community Research Connections program. Royal Roads 
University. Accessed April 17, 2018. https://crcresearch.org/sites/default/files/icsp-
planning-tool.pdf. 

———. 2009. “A Template for Integrated Community Sustainability Planning.” Environmental 
Management 44 (2): 228–42. 

Kardan, O., P. Gozdyra, B. Misic, F. Moola, L. Palmer, T. Paus, and M. Berman. 2015. 
“Neighborhood Greenspace and Health in a Large Urban Center.” Scientific Reports 5: 
11610. https://doi.org/10.1038/srep11610. 

Maas, J., R. A. Verheij, P. P. Groenewegen, S. de Vries, and P. Spreeuwenberg. 2006. “Green 
Space, Urbanity, and Health: How Strong Is the Relation?” Journal of Epidemiology 16 
(3): 431–45. 

Marshall, J. D., M. Brauer, and L. D. Frank. 2009. “Healthy Neighborhoods: Walkability and Air 
Pollution.” Environmental Health Perspectives 117 (11): 1752–59. 
https://doi.org/10.1289/ehp.0900595. 

Newman, P., and I. Jennings. 2008. Cities as Sustainable Ecosystems: Principles and Practices. 
Washington, DC: Island Press. 

Nemet, G. F., T. Holloway, and P. Meier. 2010. “Implications of Incorporating Air-quality Co-
benefits into Climate Change Policymaking.” Environmental Research Letters 5 (1): 
https://doi.org/10.1088/1748-9326/5/1/014007. 

Newell, R., and R. Canessa. 2015. “Seeing, Believing, and Feeling: The Relationship between 
Sense of Place and Geovisualization Research.” Spaces and Flows: An International 
Journal of Urban and ExtraUrban Studies 6: 15–30. 

———. 2017. “Picturing a Place by the Sea: Geovisualizations as Place-based Tools for 
Collaborative Coastal Management.” Ocean & Coastal Management 141: 29–42. 
https://doi.org/10.1016/j.ocecoaman.2017.03.002. 

Newell, R., R. Canessa, and T. Sharma. 2017. “Visualizing Our Options for Coastal Places: 
Exploring Realistic Immersive Geovisualizations as Tools for Inclusive Approaches to 
Coastal Planning and Management.” Frontiers in Marine Science 4: 290. 

Newell, R., and L. King. 2012. “Prince George.” Meeting the Climate Change Challenge (MC3). 
Online Case Study. Royal Roads University, University of British Columbia, and Simon 
Fraser University. http://www.mc-3.ca/prince-george. 

Oldejans, R. 2017. “Local Food Chain: Multi-stakeholders Policies in Dutch and European 
policies.” In Peri-Urban Areas and Food-Energy-Water Nexus: Sustainability and 
Resilience Strategies in the Age of Climate Change, edited by A. Colucci, M. Magoni, 
and S. Menoni, 105–09. Cham: Springer International Publishing. 
https://doi.org/10.1007/978-3-319-41022-7_13. 

Rockström, J., W. Steffen, K. Noone, A. Persson, F. Stuart Chapin III, E. F. Lambin, T. M. 
Lenton, M. Scheffer, C. Folke, H. J. Schellnhuber, B. Nykvist, et al. 2009. “A Safe 
Operating Space for Humanity.” Nature 461: 472–75. 

Roseland, M. 2012. Toward Sustainable Communities: Solutions for Citizens and Their 
Governments, 4th ed. Gabriola Island, BC: New Society Publishers. 

Roseland, M., and M. Spiliotopoulou. 2016. “Converging Urban Agendas: Toward Healthy and 
Sustainable Communities.” Social Sciences 5 (3): 28. 
https://doi.org/10.3390/socsci5030028. 

———. 2017. “Sustainable Community Planning and Development.” In Encyclopedia of 
Sustainable Technologies, edited by M. A. Abraham, 53–61. Amsterdam: Elsevier. 

22

https://crcresearch.org/sites/default/files/icsp-planning-tool.pdf
https://crcresearch.org/sites/default/files/icsp-planning-tool.pdf
https://doi.org/10.3390/socsci5030028


NEWELL ET AL.: CLIMATE ACTION CO-BENEFITS AND INTEGRATED COMMUNITY PLANNING 

 
 

Rudd, H., J. Vala, and V. Schaefer. 2002. “Importance of Backyard Habitat in a Comprehensive 
Biodiversity Conservation Strategy: A Connectivity Analysis of Urban Green Spaces.” 
Restoration Ecology 10 (2): 368–75. 

Sustainable Development Solutions Network (SDSN) Australia/Pacific. 2017. Getting Started 
with the SDGs in Universities: A Guide for Universities, Higher Education Institutions, 
and the Academic Sector. Australia, New Zealand and Pacific Edition. Melbourne: 
Sustainable Development Solutions Network Australia/Pacific. 

Sustainable Development Solutions Network (SDSN). 2014. Indicators and a Monitoring 
Framework for Sustainable Development Goals—Launching a Data Revolution for the 
SDGs. New York: United Nations Sustainable Development Solutions Network. 

Seyfang, G. 2006. “Ecological Citizenship and Sustainable Consumption: Examining Local 
Organic Food Networks.” Journal of Rural Studies 22 (4): 383–95. 

Shaw, A., S. Burch, F. Kristensen, J. Robinson, and A. Dale. 2014. “Accelerating the 
Sustainability Transition: Exploring Synergies between Adaptation and Mitigation in 
British Columbian Communities.” Global Environmental Change 25: 41–51. 

Spencer, B., J. Lawler, C. Lowe, L. Thompson, T. Hinckley, S-H. Kim, S. Bolton, S. Meschke, J. 
D. Olden, and J. Voss. 2017. “Case Studies in Co-benefits Approaches to Climate 
Change Mitigation and Adaptation.” Journal of Environmental Planning and 
Management 60 (4): 647–67. 

Stern, N. 2007. The Economics of Climate Change: The Stern Review. Cambridge: Cambridge 
University Press. 

Strohbach, M. W., E. Arnold, and D. Haase. 2012. “The Carbon Footprint of Urban Green 
Space—A Life Cycle Approach.” Landscape and Urban Planning 104 (2): 220–29. 

Sturm, R., and D. A. Cohen. 2004. “Suburban Sprawl and Physical and Mental Health.” Public 
Health 118 (7): 488–96. 

———. 2014. “Proximity to Urban Parks and Mental Health.” Journal of Mental Health Policy 
and Economics 17 (1): 19–24. https://doi.org/10.1016/j.biotechadv.2011.08.021. 

United Nations Environmental Programme (UNEP). 2011. “Towards a Green Economy: 
Pathways to Sustainable Development and Poverty Eradication—A Synthesis for Policy 
Makers.” Accessed April 12, 2018. www.unep.org/greeneconomy. 

Weitz, K. A., S. A. Thorneloe, S. R. Nishtala, S. Yarkosky, and M. Zannes. 2002. “The Impact of 
Municipal Solid Waste Management on Greenhouse Gas Emissions in the United 
States.” Journal of the Air & Waste Management Association 52 (9): 1000–11. 
https://doi.org/10.1080/10473289.2002.10470843. 

World Wide Fund for Nature (WWF). 2016. Living Planet Report 2016: Risk and Resilience in a 
New Era. Gland, Switzerland: WWF International. 

Young, R. F. 2010. “Managing Municipal Green Space for Ecosystem Services.” Urban Forestry 
and Urban Greening 9 (4): 313–21. https://doi.org/10.1016/j.ufug.2010.06.007. 

 
 
 

ABOUT THE AUTHORS 

Robert Newell: Postdoctoral Fellow, School of Environment and Sustainability, Royal Roads 
University, Victoria, British Columbia, Canada 

Ann Dale: Professor, School of Environment and Sustainability, Royal Roads University, 
Victoria, British Columbia, Canada 

Mark Roseland: Director, School of Community Resources and Development, Arizona State 
University, Phoenix, Arizona, USA 

23

http://www.unep.org/greeneconomy/
https://doi.org/10.1016/j.ufug.2010.06.007


The International Journal of Climate Change: 
Impacts and Responses seeks to create an 
interdisciplinary forum for discussion of evidence of 
climate change, its causes, its ecosystemic impacts, 
and its human impacts. The journal also explores 
technological, policy, strategic, and social responses to 
climate change.

The International Journal of Climate Change: Impacts 
and Responses is a peer-reviewed, scholarly journal.

ISSN 1835-7156




