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ABSTRACT 

Combatting climate change has largely been understood as a matter of 

federal and provincial jurisdiction and as a result has mostly been executed in a 

preventative lens. However, the effects of climate change are most significantly 

felt at the municipal level. As a result, I argue the onus for combatting climate 

change should switch to the municipalities in order to focus on climate mitigation 

and adaptation. In fact, many of the larger cities in Ontario such as the City of 

Windsor have acted on this and created Climate Adaptation Plans to aid in 

mitigation and adaptation efforts. The larger cities creation and Adoption of 

Climate Adaptation Plans has opened a policy window for small and medium sized 

(based on population) Ontario municipalities to do the same. This paper suggests 

through conducting cost-benefit analyses that small and medium sized 

municipalities should seize this opportunity and implement a Climate Adaptation 

Policy to mitigate the impact of extreme weather events caused by climate change.   

 

Key Words: Climate Adaptation Plan, Small and Medium Municipalities, 

Extreme Weather Events, Climate Change, Cost-Benefit Analysis, Climate 

Adaptation, Climate Resilience, Climate Mitigation 
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Chapter I: 

Introduction 

 Climate change policy in Canada has largely been conducted at the federal and 

provincial level with the federal government taking the lead on the issue. This has created 

a false impression and understanding that the issue of climate change is most effectively 

combatted under federal jurisdiction. In fact, climate change projects dealt with on the 

federal and provincial level have in large part failed to meet their targets and goals. For 

example, a recent audit of the federal governments Canadian Net-Zero Emissions 

Accountability Act conducted by the environment commissioner found that the plan is 

insufficient to meet the targeted emission reduction goals (Office of the Auditor General 

of Canada, 2023). Additionally, provincial attempts at dealing with climate change have 

seen similar levels of criticism. A 2019 report from the Ontario Auditor General found 

that the projected emissions reductions from the Ontario government’s plan was not 

based on sound evidence and that as a result the plan will fall short of the emissions 

targets (Office of the Auditor General of Ontario, 2019). This shows that despite the 

federal and provincial government taking the initiative on climate policy it has been 

ineffective.  

Furthermore, the bulk of climate change effects are expected to be felt at the 

municipal level through the impacts of extreme weather events. Therefore, I argue in 

order for meaningful change to occur municipalities must take the lead on climate policy 

through shifting the focus away from a preventative lens towards mitigation and 

adaptation. Many larger municipalities in Ontario have already begun this process 
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through the implementation of climate adaptation policies. However, the majority of 

small and medium municipalities (SMMs) in Ontario have yet to follow suit. As a result, 

through conducting a cost benefit analysis this paper suggests that SMMs should take 

initiative in climate policy and implement climate adaptation plans. 

Over the course of this paper I will outline how climate change policy is most 

effectively served at the municipal level. The literature review will provide an 

understanding of institutionalism as the theoretical framework used throughout the paper. 

This section will outline the principles and main argument of the theory as well as the 

common research and methodological frameworks employed by institutionalist authors. 

The subsequent chapters through a cost benefit analyses will compare the expenses of 

implementing climate adaptation plans with the potential damages of extreme weather 

events. This is done through examining the crucial areas of infrastructure investment 

necessary for implementation as well examples of extreme weather events to showcase 

the potential associated risk of damages. 

Throughout the paper and ensuing analysis, I argue for increased municipal 

involvement in climate policy. This is done through illustrating how climate policy can 

be cost effective when implemented at the municipal level. Chapter II will provide an 

introduction and rationale for the use of institutionalism as the theoretical lens for which 

the argument in this paper can be understood. Chapter III outlines the methodological 

framework that will be used to assess the effectiveness of climate adaptation plans for 

SMMs. This is done through conducting cost benefit analyses in order to determine 

whether climate adaptation plans result in cost savings. Chapter IV will provide the cost 

benefit analysis and present the findings. Finally, Chapter V concludes the paper through 
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summing up the findings of the paper and supporting the argument for increased 

municipal involvement in climate policy. 
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Chapter II:  

Literature review 

Institutionalism 

 The following chapter provides an introduction to the theory of institutionalism 

and presents the rationale for its use in this paper. Furthermore, this chapter outlines the 

relationship between institutionalism and climate policy. This is done through exploring 

the current research and methodologies conducted by institutionalist authors. Lastly, this 

chapter discusses the current gaps within the existing climate policy research and outlines 

how this paper will address these issues and attempt to fill the gaps.  

Institutionalism is best understood as a theory used to organize a perspective 

rather than attempting to illustrate causation (Lowndes Marsh & Stoker, 2017).  As a 

result, this paper uses institutionalism to provide the framework for organizing the 

argument and understanding the problem. The theory of institutionalism has many 

different branches or strands of research it can be applied to. For example, feminist 

institutionalism focuses on how gender norms function within an institution and how 

these institutions create and reinforce gender power dynamics (Lowndes, et al, 2017). 

This paper however, applies an alternative branch of institutionalism known as rational 

choice institutionalism. Rational choice institutionalists argue that political institutions 

are a system of rules and provocations which individuals use to leverage their abilities to 

solve collective action problems (Lowndes et al, 2017). Essentially, this means that 

institutions set out the rules to follow while the individuals or organizations attempt to 

bend these rules in order to gain an advantage in solving the issue at hand (Lowndes et al, 
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2017). Ultimately, this paper uses this framework to situate the argument for a shift of 

jurisdiction. For example, I argue that municipal staff and politicians (individuals) should 

utilize jurisdiction (rules) set out by the institutions to be more effective in combatting the 

collective action issue of climate change.  

For the context of this paper institutionalism is used to examine research on the 

institutional barriers to implementing climate change adaptation plans at the municipal or 

community level. This research can focus on but is not limited to the attitudes of 

government staff, councilors or community members, access to resources, the 

understanding of government staff, priority levels and more (Amundsen & Dannevig, 

2021; Bausch & Koziol, 2020; Campbell-Gale, Fletcher & Reed, 2023; Choryński, 

Pińskwar, Graczyk, & Krzyżaniak, 2022; Fungfeld, Fila, & Dahlmann, 2023; Henstra, 

2012; Klenk, Flueraru, & MacLellan, 2017; Mary-Ellen Tyler, 2023; Mehiriz & Gosselin, 

2016; Oberlack, 2017; Siña, Wood, Saldarriaga, Lawler, Zun, Garcia, & Cárcamo, 2016).  

Authors who have researched the attitudes of government staff use institutionalism to 

understand and explain how positive or negative attitudes can either halt, prevent or 

accelerate the process of implementing climate action plans (Amundsen & Dannevig, 

2021; Klenk et al, 2017). For example, research has found that government staff lack of 

willingness to adapt is a key barrier to implementing climate policy with some staff 

believing it is impossible to adapt to extreme weather events (Amundsen & Dannevig, 

2021). Others have found institutionalism more effective in examining councilors and 

community members as a means to understand a municipalities climate preparedness 

(Campbell-Gale et al, 2023; Choryńki et al, 2022; Mehiriz and Gosselin, 2016; Siña et al, 

2016). For example, research examining five different municipalities local councilors 
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attitudes toward climate change adaptation in Peru found that climate change was of a 

low priority and is poorly understood among the councilors, resulting in limited climate 

adaptation policies (Siña et al, 2016).  

 Authors who employ the theme of institutionalism typically use similar 

methodological frameworks when conducting their research. This is done through using 

two distinct methodologies. The first methodological framework used is to conduct 

surveys and/or interviews (Amundsen & Dannevig, 2021; Bausch & Koziol, 2020; 

Campbell-Gale, et al, 2023; Mehiriz & Gosselin, 2016; Siña et al, 2016). Interviews and 

surveys are one of the main methodological tools used to answer questions of how 

barriers can impact the creation of climate policy in municipalities and communities 

(Amundsen & Dannevig, 2021; Bausch & Koziol, 2020; Campbell-Gale, et al, 2023; 

Mehiriz & Gosselin, 2016; Siña et al, 2016). As a result, surveys and interviews allow the 

author to hear directly from municipal staff members, councilors, or community members 

about which different institutional barriers are preventing or making the implementation 

of climate adaptation policies difficult. Furthermore, interviews and surveys allow the 

researcher to get an understanding of the subject’s knowledge, understanding, 

willingness, or priority level of implementing climate adaptation policies.  

 The second methodological approach that is used when exploring the theme of 

institutionalism is to conduct case studies (Choryński, Pińskwar, Graczyk, & Krzyżaniak, 

2022; Fungfeld, et al, 2023; Henstra, 2012; Klenk, Flueraru, & MacLellan, 2017; Mary-

Ellen Tyler, 2023; Oberlack, 2017). Similar to interviews and surveys case studies are 

used to assess institutional barriers that prevent climate adaptation policy. Because 

authors are trying to find institutional barriers, case studies are used within the literature 
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when authors are working with a much larger scope. For example, case studies are 

typically used when the author is looking at institutional barriers on a national or 

international scale (Choryński et al, 2022; Fungfeld et al, 2023; Henstra, 2012; Klenk et 

al, 2017; Mary-Ellen Tyler, 2023; Oberlack, 2017). Typically, this is done through 

conducting multiple case studies over a large area or through conducting one large case 

study and generalizing it across that same area.  

 The current research on the theme of institutionalism all focuses on the different 

barriers to implementing climate policy. As a result, researchers tend to implement 

similar methodological frameworks. However, the methodological approach when using 

institutionalism will typically rely on the scale and the scope of the study. For example, 

research focusing on a smaller scope such as the barriers a singular city or town face 

when implementing climate adaptation policies will likely use surveys or interviews as a 

methodology (Amundsen & Dannevig, 2021; Bausch & Koziol, 2020; Campbell-Gale, et 

al, 2023; Mehiriz & Gosselin, 2016; Siña et al, 2016). Furthermore, researchers that are 

looking at how institutional barriers impact climate policies on a larger scale such as the 

barriers faced by multiple municipalities within one country or multiple countries across 

a continent are likely to use case studies as a methodology as this provides the authors the 

ability to generalize across a larger area (Choryński et al, 2022; Fungfeld et al, 2023; 

Henstra, 2012; Klenk et al, 2017; Mary-Ellen Tyler, 2023; Oberlack, 2017).  

Policy Assessment 

 Authors who use institutionalism typically conduct policy assessments for their 

research. This research primarily focuses on evaluating existing climate policies and the 
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levels of risk faced due to climate change usually through extreme weather events 

(Bassett & Shandas, 2010; Bausch & Koziol, 2020; Boenkhe, Hoppe, Brezet & Blok, 

2019; Donoghue & Katz-Rosene, 2023; Guayadeen & Henstra, 2023; Guayadeen, 

Thistlethwaite, & Henstra, 2019; Henstra, 2012; Henstra & Thistlethwaite, 2017; Jost, 

Dale, Newell, & Robinson, 2020; Mao & Thompson, 2004; Robertson, 2018; 

Liousbimsteva, 2022). In general authors who conduct assessment research agree on the 

dominant theoretical approaches however, there is some debate on the methodological 

framework when conducting the assessment. Similar to institutionalism authors who 

conduct assessments generally use one of two methodological frameworks. The two 

methodologies commonly used in assessments are case studies and data/content analysis.  

 Authors conducting case studies are typically looking to evaluate existing climate 

policies and evaluate the risk levels in their area of study (Boenkhe, et al, 2019; 

Donoghue & Katz-Rosene, 2023; Henstra & Thistlethwaite, 2017; Jost et al, 2020; 

Robertson, 2018). As a result, authors whose research question will require an assessment 

of a municipality, country or other unit of studies’ existing climate policies are more 

likely to use case studies for the methodology. For example, in (Donoghue & Katz-

Rosene, 2023) the authors used case studies of the fifteen largest cities in Ontario and 

evaluated their extreme weather preparedness through an assessment of their climate 

action plans. Furthermore, case studies provide authors the ability to apply specific 

frameworks or criteria into their methodologies, allowing them to assess the success of 

the existing climate policies (Boenkhe, et al, 2019; Donoghue & Katz-Rosene, 2023; 

Henstra & Thistlethwaite, 2017; Jost et al, 2020; Robertson, 2018).  
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 The second methodology used for assessments are data/content analysis. Content 

and data analyses can be used for a variety of different research questions however are 

primarily used for assessing existing climate policies and/or the preparedness of the 

policies to the dangers of extreme weather events (Bassett & Shandas, 2010; Guayadeen 

& Henstra, 2023; Guayadeen, Thistlethwaite, & Henstra, 2019; Liousbimsteva, 2022). 

Therefore, both methodological frameworks of case studies and data/content analyses are 

used to answer similar research questions when conducting assessments. However, data 

and content analyses are typically used by researchers who are looking at larger data sets 

or units of study such as analyzing multiple policies across a larger area or events 

(Bassett & Shandas, 2010; Guayadeen & Henstra, 2023; Guayadeen, Thistlethwaite, & 

Henstra, 2019; Liousbimsteva, 2022). Alternatively, authors who employ case studies 

typically do so when conducting a smaller scope and unit of study and generally attempt 

to assess policy outcomes or objectives (Boenkhe, et al, 2019; Donoghue & Katz-Rosene, 

2023; Henstra & Thistlethwaite, 2017; Jost et al, 2020; Robertson, 2018). In summation 

authors who use data and content analyses are attempting to analyze policies or risk 

levels across a large area and have many areas of study where case studies are used for 

smaller and more in-depth research. 

Gaps:   

 This final section will explore how this paper will add value to the current state of 

literature. This value is added through exploring the current gaps within the research and 

attempting to address them. While municipalities’ adaptation to extreme weather events 

is not a novel topic of research it has to this point mainly focused on large municipalities 

(Donoghue & Katz-Rosene, 2023; Gore, 2010; Henstra, 2012; Guayadeen, 
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Thistlethwaite, & Henstra, 2019; Henstra & Thistlethwaite, 2017; Jost et al, 2020; Mao & 

Thompson, 2004; Mehiriz & Gosselin, 2016; Siña et al, 2016). Furthermore, research that 

has focused on SMMs has been conducted largely in areas outside of Ontario (Amundsen 

& Dannevig, 2021; Bassett & Shandas, 2010; Bausch & Koziol, 2020; Boenkhe et al, 

2019; Campbell-Gale et al, 2023; Choryński et al, 2022; Fungfeld et al, 2023; 

Liousbimsteva, 2022; Mary-Ellen Tyler, 2023; Mehiriz & Gosselin, 2016; Robertson, 

2018). As a result, this ignores an important area for understanding municipal 

vulnerability and preparedness for extreme weather events as SMMs in Ontario are likely 

to be at risk and ill prepared.  

 The second gap can be found through exploring the type of research that is being 

conducted. As mentioned earlier in the section much of the research using 

institutionalism has been conducted focusing on assessing existing policies in order to 

evaluate climate preparedness (Bassett & Shandas, 2010; Bausch & Koziol, 2020; 

Boenkhe, et al, 2019; Donoghue & Katz-Rosene, 2023; Guayadeen & Henstra, 2023; 

Guayadeen et al, 2019; Henstra, 2012; Henstra & Thistlethwaite, 2017; Jost et al, 2020; 

Mao & Thompson, 2004; Robertson, 2018; Liousbimsteva, 2022). This in turn ignores 

municipalities who have yet to implement climate adaptation plans or policies. As a 

result, municipalities without implemented climate adaptation plans are ignored in the 

existing research.  Furthermore, this creates a gap in the literature through not providing 

policy proposals for municipalities who have yet to implement climate adaptation 

policies. 

This paper will address these gaps by conducting a policy proposal for small and 

medium municipalities in Ontario to implement climate adaptation plans.  Furthermore, 
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the implementation of climate adaptation/action plans by larger municipalities has created 

a policy window for SMMs to overcome the institutional barriers preventing the 

implementation of climate adaptation plans. Recently Guayadeen & Henstra (2023) 

conducted a climate policy assessment of rural Ontario municipalities. This would 

suggest that SMMs in Ontario have already begun to implement climate adaption plans. 

However, the research found that rural climate change planning is in its infancy and has 

had an emphasis on mitigation as opposed to adaptation (Guyadeen & Henstra, 2023). As 

a result, this paper looks to build on this research through proposing further climate 

policy which focuses on Ontario SMMs developing and implementing climate adaptation 

plans for extreme weather events.  
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Chapter III: 

Methods 

Framework 

The two main extreme weather events that pose a threat to SMMs in Ontario are 

wildfires and flooding.  However, the threat of wildfires and flooding are not spread 

equally throughout the province. Northern municipalities, due to their geographical 

location, are at a much greater risk for catastrophic fires. Alternatively, SMMs in 

southern Ontario are at a heavy risk for extreme flooding but not for catastrophic fire. 

This makes it very unlikely, that a municipality were to be hit by both extreme flooding 

and catastrophic wildfire. As a result, this paper will propose a climate adaptation plan to 

be implemented by SMMs and compare the costs against the damages of the two extreme 

weather events through conducting two separate cost benefit analyses. The first cost 

benefit analysis will be aimed at Northern Ontario SMMs and will focus on catastrophic 

fires. The second will target Southern Ontario municipalities and focus on combatting 

extreme flooding.  Through comparing the costs of implementation with the potential 

savings accrued from the mitigation of extreme weather events both analyses will look to 

assess the viability of enacting climate action plans into SMMs. The costs are calculated 

from the investment required into updating municipal infrastructure. While the potential 

benefits come in the form of mitigation and prevention of future damages from extreme 

weather events caused by climate change. As a result, I argue that the potential costs of 

not implementing a climate action plan (i.e. benefits) will likely outweigh the initial costs 

of development and implementation.  
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  In order for the cost benefit analysis to produce accurate results the monetary 

amounts attributed must be reliable. As a result, the framework for analysis has been 

chosen as follows: Each cost benefit analysis will compare the costs of updating and 

creating infrastructure with the potential damages of extreme weather events. This will be 

done through proposing one climate adaptation plan for both municipalities as 

infrastructure investment will be necessary for both municipalities. The total cost of 

infrastructure updates is then compared separately with the expenses of the associated 

extreme weather event in order to determine whether the implementation of a climate 

adaptation plan would result in cost savings.   

  As mentioned, determining appropriate prices is vital to the success of this 

analysis. Therefore, the method for data collection will use established prices. The 

Federation of Canadian Municipalities (an advocacy group which represents over 2000 

Canadian Municipalities) in conjunction with the Insurance Bureau of Canada (a lobby 

group for Canadian insurance companies) has conducted a report on implementing 

climate action plans for municipalities, including for extreme weather events. 

Additionally, this report includes examples of previous extreme weather events and the 

total cost of damages. Consequently, this paper will use this report to provide relevant 

fiscal amounts for both the costs of implementation of climate adaptation plans and for 

providing the costs of damages from extreme weather events. In addition to this report 

price projections have also been collected from an existing climate adaptation plan from 

The City of Windsor. Using an established climate adaptation plan and the report will 

help ensure that the analysis uses trustworthy and established monetary projections for 

the costs of implementation and damages from extreme weather events.  
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 Climate adaptation investment can be very specific and complicated. This paper 

aims to provide a baseline price projection for Ontario SMMs to implement climate 

adaptation plans. This will help municipalities strategically allocate funds to implement 

climate adaptation plans so that they may be more resilient to the likely increase in 

extreme weather events. Therefore, I have outlined the areas required for municipal 

investment in order to achieve climate resiliency for both extreme weather events. To 

achieve climate resiliency from catastrophic fire and flooding municipalities will need to 

invest in the following infrastructure areas: buildings/developments and energy 

infrastructure, communication systems, transportation systems, green infrastructure, 

waste management systems, and water systems. The next section of this chapter will 

further outline the need for these areas of investment through exploring their overall 

importance to a climate adaptation plan. Lastly, this paper will consider the benefits of 

climate adaptation plans through exploring the costs endured following 

municipalities/counties exposure to extreme weather events. The costs of these extreme 

weather events will be determined through a provided example of each extreme weather 

event. The 2016 Fort McMurray fire will be used to outline the potential damages of 

catastrophic fires while, the 2016/2017 Essex County flooding will provid the costs for 

extreme floods.  

Building & Development Infrastructure 

 Destruction of buildings and development is probably the most well-known 

damage that occurs during extreme weather events. Notably, this paper includes energy 

infrastructure in the definition and pricing of building and development infrastructure. 

Currently there are two aspects of making climate resilient building and development 
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infrastructure. The first aspect is to develop and implement bylaws and policies to ensure 

all future and current developments are climate resilient. The second aspect of adapting 

buildings to extreme weather events is retrofitting old and current buildings to meet 

current standards. While new buildings can be designed and constructed with protections 

against extreme weather events older buildings will likely be vulnerable to extreme 

weather. As a result, older infrastructure and developments will need investment to 

become climate resilient.  

 

Communication Systems  

 Providing effective communication during extreme weather events is an essential 

function for the municipality as it helps keep residents safe through communicating any 

emergency response plans or procedures and also disseminates valuable information to 

the public. Additionally, updates to communication infrastructures to make it climate 

resilient is crucial to ensuring the dissemination of information during extreme weather 

events.  Therefore, it is important for municipalities to implement communication plans 

and procedures, as well as update communication infrastructure for extreme weather 

events. Furthermore, risk communications in the days before and during extreme weather 

events can be crucial to protecting the health and safety of residents. In fact, recent 

research suggests that risk communication efforts during extreme weather events are 

much more effective than broad climate change risk communications and suggests these 

strategies should be applied to broader climate change discourse (MacIntyre, Khanna, 

Darychukk, Copes, & Schwartz, 2019). This would suggest that not only are 



 

16 
 

communication systems during extreme weather events vital to the safety of the public 

but are also effective at disseminating important messages and information.  

 

Transportation Systems  

 When discussing the potential impact of extreme weather events on transportation 

services and systems the obvious impact is that of the physical damage that can be caused 

to transportation services such as roads, bridges, train tracks, trains, and buses. However, 

additional costs are experienced for the municipality when these services are unavailable. 

This can be seen through the economic losses that occur such as loss of staff and citizens 

access to jobs, access to services, or a lack of access to stores and other economic drivers. 

As a result, it is vital that transportation systems are resilient and prepared for the impacts 

of extreme weather events. A recent study looking at making climate resilient 

transportation systems found operational preparations for climate change and 

constructing climate resilient transportation infrastructure were the most beneficial in 

creating climate resilient transportation systems (Deveci, Gokasar, Mishra, Rani, & Ye, 

2023). However, the policy implication of this study largely concerns cities with large 

and complex transportation systems (Deveci et al, 2023). Despite this there is some 

relevance to Ontario based SMMs as many municipalities share transportation systems in 

their counties or regions as part of a larger network of transportation.   

 

Green Infrastructure  

 The concept of green infrastructure in this paper refers to the use of natural 

processes or systems to help minimize the impact of extreme weather events. For 
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example, green infrastructure such as parks, trees, and wetlands has been a proven 

method to help limit the impacts of flooding caused by extreme weather events through 

reducing the burden on storm water management systems (Li, Uyttenhove, & Eetvelde, 

2020). Green infrastructure acts as a sponge soaking up much of the excess water that 

comes with storms, flooding, and heavy rainfall. This can help alleviate pressures and 

prevent overwhelming of storm water management systems. In turn, this helps prevent or 

limit the effects of flooding during extreme weather events. Crucially, an additional 

benefit of green infrastructure is that in the events of extreme weather green 

infrastructure aids in the maintenance of water quality. A recent study modelled three 

distinct rainfall scenarios to assess the impact of green infrastructure on water quality, 

finding that green infrastructure has a positive influence on limiting pollutants in storm 

water runoff (Yu & Li, 2023). As a result, green infrastructure not only limits the 

damages of flooding through reducing the burden on storm management systems but also 

helps maintain water quality in the event of extreme weather events. This shows the 

overall value of green infrastructure when developing and implementing a climate 

adaptation plan. 

 

Waste Management Systems 

 Waste management systems refer to any infrastructure which is used to deal with 

waste within a municipality. Of particular interest for the purpose of this paper are sewer 

and stormwater sewer systems involved in overall waste management. Sewer and 

stormwater sewer systems play a vital role in both ensuring water quality and managing 

the impact of flooding (Li et al 2020; Yu & Li, 2023). Climate change and the increase of 
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extreme weather events is expected to significantly increase the burden on stormwater 

and sewer systems and thus modernization of these systems will be a critical aspect of 

adapting to the impacts of extreme weather events (Helmreich, 2021). The goal of 

modernization is to increase capacity of these systems to help limit the potential for 

heavy rainfall, storms, and other weather events to overrun the systems. Furthermore, 

wildfires have the potential to cause significant issues for storm water systems as residues 

such as ash and black carbon build up and prevent storm water systems from treating and 

filtering runoff (Raoelison, Das, Guyett, Merrifield, Visweeswaran, Indiresan, Yan, 

Pierce, Moharty, 2023). However, recent research has shown that updating of stormwater 

systems, specifically through implementing biofilters can limit this effect and can help 

stormwater systems in wildfire prone areas remain functional (Raoelison et al, 2023). 

This shows that updating water management systems used in conjunction with the 

implementation of green infrastructure are key aspects of adapting to the increases in 

extreme weather events.  

 

Water Systems   

 For this paper water systems include infrastructure such as pipes, water mains, or 

any structures or buildings owned and operated by the municipality. Providing access to 

high quality water is an essential function of a municipality and is paramount to ensuring 

the health and safety of their residents. Therefore, it is important that proper steps to 

prevent or limit as any potential threats to the maintenance and delivery of high-quality 

water to residents should be taken. Climate change and extreme weather events are a 

significant threat to these systems. As previously mentioned, flooding and other extreme 



 

19 
 

weather events pose a significant risk to the maintenance of water quality due to the 

increased risk of overwhelming of stormwater and sewer systems (Li et al, 2020). 

Furthermore, extreme weather events such as droughts, extreme heart, wildfire, or 

precipitation can increase microbiological risks and negatively impact general quality of 

drinking water (Xiao, Yu, & Fu, 2023; Raoelison, 2023). In addition to the water quality 

risks, water system infrastructures such as pipes, maintenance systems, and structures are 

at risk for potential damage caused by extreme weather events. Due to the increased risk 

factors brought on by extreme weather events investment to create more climate resilient 

water systems is crucial in maintaining the health and safety of residents. Recent 

scholarship has suggested that despite the challenges of adapting drinking water systems 

to environmental changes and extreme weather, frameworks for implementing climate 

resilient water systems have been effective (Kloosterman, van der hoek, & Herder, 2021).  

 

Limitations 

It is important to consider the limitations which impact this research paper. The 

first limitation for this paper is that climate adaptation plans are likely to be unique to 

each municipality (Robertson, 2018). Therefore, the potential costs and benefits are likely 

to be unique to each municipality as well. This is because every municipality will have its 

own individual set of risk factors to extreme weather events and level of necessary 

investment into infrastructure. However, a possible explanation for this limitation can be 

found in the goal of this paper. This paper aims to provide a generalized cost benefit 

analysis on climate adaptation plans for SMMs which can then be adapted by individual 

municipalities and applied to fit their own unique risk factors. Additionally, this paper 
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attempts to account for this limitation through conducting two separate cost benefit 

analyses based on the extreme weather events. Conducting two separate analyses 

manages the impact of this limitation through only applying the damages from extreme 

weather events that the individual municipality is at risk for. 

The second possible limitation also has to do with the scope of the study. This 

study focuses on small and medium municipalities in Ontario which is defined for this 

paper as municipalities with populations under 100,000 residents. This encompasses an 

extremely wide range of municipalities and risk factors. For example, a municipality with 

90,000 residents is likely to have significantly different climate adaptation issues than 

that of a municipality with under 10,000. Therefore, it is likely different sized 

municipalities will face different risks and are likely to be at different points in their 

climate preparedness.  Furthermore, this could result in issues with determining risk 

factors and costs for implementing a climate adaptation policy. However, this paper 

accounts for this in its methodological framework. The use of an existing climate 

adaptation plan from a larger municipality and a verified report should provide accurate 

baseline expected costs and benefits. Furthermore, SMMs in Ontario are likely to take the 

lead from larger municipalities. The goal is to provide a baseline cost benefit analysis 

which individual municipalities can adapt to fit their unique needs.  

The last limitation for this research has to do with the methodology. Due to the 

nature of extreme weather events there can be difficulties in the quantification of 

cost/benefit assessment. This means that it can be difficult to assign accurate prices or 

figures to the potential cost or benefit. Potential damages caused by extreme weather 

events can alter due to a multitude of reasons such as severity. To perform an effective 
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cost-benefit analysis having accurate prices is crucial to the success of the proposal. As a 

result, in order to mitigate the impact of this limitation this research will use established 

data, prices, and figures from a qualified and reliable source in the Federation of 

Canadian Municipalities and from an established climate adaptation plan. However, there 

is still a risk of inaccurate pricing and figures as each municipality has individual needs 

and thus prices are likely to fluctuate. Furthermore, climate adaptation plans are not a 

prominent feature in SMMs. Thus, SMMs are expected to have different climate 

adaptation needs and therefore cost projections. However, as mentioned costs are 

expected to be unique to each individual municipality. Therefore, using projections from 

an existing established climate adaptation plan provides the strongest reference to provide 

baseline projections for SMMs.  

There is a potential for the analysis to not show cost savings. Possible information 

which may lead to costs outweighing the benefits for the implementation of climate 

adaptation plans in SMM in Ontario is outlined here. There is the potential for small and 

medium municipalities to have relatively low risk to damages caused by extreme weather 

events where the cost of developing and implementing a climate adaptation policy would 

outweigh the potential benefits however this is predicted to be unlikely. The second piece 

of information which could result in the analysis not showing cost savings is initial costs 

for implementation being too high for small and medium municipalities. For example, 

while the overall potential benefits may outweigh the costs, the initial costs for 

development and implementation of a climate adaptation policy may be so high that 

SMM may be unwilling or unable to incur the financial burden required to implement a 

climate adaptation policy. This is mainly expected to be a potential issue for the much 
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smaller municipalities such as those under 10,000 residents. This is for two reasons the 

first is that they are anticipated to be much further behind in their climate adaptation and 

thus the costs may be higher. The second is that they will have access to less resources 

and smaller budgets and thus the initial costs may be too high. 
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Chapter IV 

Results 

Climate Adaptation Plan 

As mentioned SMMs in Ontario are faced with different challenges when 

adapting to the effects of extreme weather events. Because of this the following chapter is 

split into two sections. The first section will provide the climate adaptation plan proposal. 

This will outline the proposed infrastructure updates required to create a climate resilient 

municipality and the associated costs projections of these updates. The second section of 

this chapter will conduct two separate cost benefit analysis. The first cost benefit analysis 

will compare the cost of implementing the proposed climate adaptation plan with the 

potential damages of catastrophic wildfire and assess whether the plan results in cost 

savings. The second cost benefit analysis will then compare the cost of the proposed plan 

with the potential damages of catastrophic flooding and similarly assess whether the plan 

results in a net benefit for municipalities at risk of flooding.  

Costs Green Infrastructure 

 The benefits of green infrastructure are typically discussed in reference to limiting 

the impacts of flooding and storms. Nevertheless, green infrastructure also plays an 

important role in mitigating the effects of catastrophic fire. For example, debris and 

pollutants from wildfires can have a very damaging impact on water quality (Raoelison et 

al, 2023). However, green infrastructure has shown to successfully limit pollutants in run 

off to help aid in the treatment and maintenance of water quality (Yu & Li, 2023). Green 

infrastructure in turn plays a valuable role in both wildfire and flooding resiliency. The 
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implementation of green infrastructure project is projected to cost approximately $4.5 

million (City of Windsor, 2020). As seen in table 4.1 this includes projects such as the 

development of an air quality index, research and implementation of French drains, dry 

wells and other methods of flood maintenance, a forest management plan, improving 

climate resiliency of trees in parks and forests, and incorporating native and drought 

tolerant plants (City of Windsor, 2020).  

Costs of Building/Developments 

 The most obvious threat to municipal infrastructure when discussing extreme 

weather events is the destruction of buildings and homes. Therefore, it is recommended 

that all structures in at risk areas have climate adaptation and resiliency measures put in 

place. However, the cost of municipal investment into climate resilient buildings and 

developments can be difficult to arrive at. This is because the level of investment largely 

depends on the age and number of buildings owned and operated by the municipality. 

The costs of implementing climate resilient standards into new developments is expected 

to be much cheaper than retrofitting old buildings to meet current climate resiliency 

standards. Due to this the cost of implementation will be rather unique to each 

municipality. However, a baseline estimate can be established through examining 

existing climate adaptation plans. As seen in table 4.1 investment into climate resilient 

buildings and developments is expected to cost $8.9 million (City of Windsor, 2020). 

Municipal investment into projects such as improving building and maintenance 

standards to protect damage from increased cooling demands, improving design 

standards, enhancing inspection of municipal owned facilities, and implementing a 
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community energy plan are some of the projects contributing to the cost. A more in-depth 

list of building and development costs can be found in table 4.1.  

Costs of Communication Strategy  

 A detailed communication strategy is vital for any climate adaptation plan seeking 

to combat extreme weather events. As mentioned earlier communication systems is a 

rather broad term and encompasses both communication plans and infrastructure. 

However, except for in unique circumstances most communication infrastructure tends to 

be owned and operated by third party or private companies and not by the municipality 

(Middleton, 2008). This means that most of the cost and adaptation measures undertaken 

by SMMs is likely to be the development and implementation of communication plans 

and procedures. Therefore, it is beneficial to use established communication strategies 

when projecting the costs for SMMs. Established climate adaptation plans project 

municipal investment to cost approximately $2.1 million including programs such as 

implementing/updating heat alert and response plans, developing a media notification 

system, and developing emergency response and evacuation procedures for extreme 

weather events such as wildfires (City of Windsor, 2020).  

Costs of Waste Management Systems 

 In the context of extreme weather events waste management systems are typically 

understood when discussing the threat of flooding. However, wildfires due to the buildup 

of ash and black carbon have the potential to clog and cause stormwater systems to 

become overrun as well as harming water quality (Raoellison, 2023). As mentioned 

earlier, sewer and stormwater systems play a vital role in both ensuring water quality and 
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preventing stormwater systems from being overrun (Lie et al, 2020; Yu & Li, 2023). As a 

result, upgrading and improving stormwater infrastructure is vital to creating a 

municipality which is resilient to both flooding and wildfires. A plethora of different 

options exist when looking to update waste management systems (Helmreich, 2021). This 

can make calculating the cost of updating stormwater and sewer systems quite difficult. 

To account for this, the cost is based on figures presented in a report by the federation of 

Canadian Municipalities in conjunction with the Insurance Bureau of Canada. The report 

finds that in response to extreme weather events the County of Essex (an area primarily 

consisting of SMMs) invested $120.3 million into updating and improving its stormwater 

and sewer systems (Federation of Canadian Municipalities & Insurance Bureau of 

Canada, 2020). It is important to note that this is not the cost of the damage from the 

extreme weather events but rather investments made to help mitigate future damages 

from extreme weather. The breakdown of projected costs included a $90 million 

commitment to replace sewers, upgrade pumping stations and sewers, and rebuilding 

roads as well as a $30.3 million investment to cover road ditches, and improve sewer and 

pump capacity (Federation of Canadian Municipalities & Insurance Bureau of Canada, 

2020). While, this is a significant investment the cost is likely to be spread over a large 

period of time and is much less than the damages incurred from the initial extreme 

weather event which can be seen later in the chapter. Despite this investment being in 

response to flooding similar investment will be necessary to implement infrastructure that 

is resilient to both flooding and wildfires.  

Costs of Transportation Systems  
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 Determining the cost of implementing climate resilient transportation largely 

depends on the size of the transportation system, the level of public transit, and the 

current climate preparedness of the systems for the impact of extreme weather events. 

Furthermore, there are multiple courses of action a municipality may take in order to 

limit the impact of extreme weather events. For example, the cost of determining 

alternate ways of travel is likely much cheaper than a complete overhaul of transportation 

infrastructure to be more climate resilient (Deveci et al, 2023). However, a mix of both 

options is likely the route municipalities will take in order to adapt to extreme weather 

events. The total projected costs associated with creating climate resilient transit systems 

is $4.3 million (City of Windsor, 2020). This includes costs relating to protecting and 

improving vulnerable roads to flooding, improving and developing extreme weather 

contingency plans for transit systems, and identifying alternative routes for extreme 

weather.  

Cost of Water Systems 

 As mentioned earlier implementing resilient water systems plays a vital role in the 

overall climate adaptation plan because of its role in ensuring water quality which is 

under threat from both flooding and wildfires. However, many SMMs and even larger 

municipalities share water treatment facilities, structures, and other infrastructure. This 

means that costs are likely to be spread out across municipalities. Due to this the best 

course of action for projecting costs of implementing climate adaptation measures is to 

use a municipality with an established plan as a reference. As can be seen in table 4.1 

projects such as monitoring the buildup of blue-green algae, supporting the completion of 

floodplain mapping of watersheds, and the protections of water pump stations from 
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extreme weather such as flooding and fires are all included in the cost of climate 

adaptation (City of Windsor, 2020).  These projects in addition to others shown in more 

depth in table 4.1 are projected to cost $3.1 million (City of Windsor, 2020). 

Furthermore, much of the costs of improving water systems and protecting water quality 

are shared with updating stormwater systems. This means that many of the risk factors 

for decreased water quality caused by flooding and fire events can be mitigated with an 

updated waste management system (Li et al, 2020). 

Total Cost of Implementation  

 The final cost of implementation when adding together the costs of all 

infrastructure updates necessary is $143.2 million for one municipality. This number is 

significant and is expected to fluctuate depending on the individual needs and size of a 

municipality This can be seen through examining table 4.2 which outlines the costs of 

adaptation on a per capita basis. Municipalities with a population size of 10,000 – 20,000 

residents can expect the cost of implementation range from $14,320 – $7,160 per person. 

Adaptation for municipalities within the population range 20,000 – 50,000 will cost 

approximately $7,160 – $2,864 per resident. Lastly, SMMs with a population range of 

50,000 – 100,000 residents can expect costs to fall in the range of $2,684 – $1,432 per 

person. This shows how the size of the municipality can greatly impact the cost of 

implementing climate adaptation plans. These numbers should provide a strong baseline 

for Ontario SMMs to use when making decisions to start the climate adaptation plan 

process. The next part of this section will outline the potential damages of each extreme 

weather event and compare it to the total cost of implementation in order to determine if 

the plans will show cost savings.  
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Catastrophic Fires 

 Wildfires pose a significant threat to many northern Ontario SMMs. Because of 

this the 2016 Fort McMurray fire was chosen to provide an example for the projected 

potential damages of wildfires. Despite Fort McMurray not being an Ontario 

municipality, it provides valuable insight for some northern municipalities as it shares 

similar risk factors. For example, the City of Timmins shares similar geographical and 

population similarities with Fort McMurray. As a result, the potential damages of 

wildfires for Ontario SMMs can be seen through examining the Fort McMurray event. As 

can be seen in table 4.3 in 2016 the town of Fort McMurray was hit with a wildfire which 

would displace approximately 88,000 residents, damage or destroy 1,900 residential 

structures, 23 commercial and industrial buildings, and destroy over 18,000 vehicles 

(Federation of Canadian Municipalities & Insurance Bureau of Canada, 2020). The 

estimated costs of damages totaled $5.4 billion with the government costs amounting to 

$1.2 billion (Federation of Canadian Municipalities & Insurance Bureau of Canada, 

2020).  

 Wildfires and weather conducive to wildfires are beginning and will continue to 

increase in frequency (Gaur, Benichou, Armstrong & Hill, 2021). This is an issue which 

has been further highlighted by the recent 2023 fire season. Although the Fort McMurray 

event was one of the more devastating examples, it serves as an example of the potential 

impact of climate change. We can use the event to make estimates for potential damages 

to other municipalities. Similarly, to how was done above with the cost of adaptation it 

may be helpful to understand the potential cost of wildfire’s through analyzing it on a per 

person scale based on municipal population. From using the $1.2 billion cost of the Fort 
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McMurray fire we can estimate that this would cost municipalities with a population 

range of 10,000 - 20,000 residents approximately S120,000 – $60,000 per person. While, 

SMMs with 20,000 - 50,000 residents can expect costs of $60,000 – $24,000 per resident. 

Finally, SMMs with 50,000 – 100,000 residents can expect costs ranging from $24,000 – 

$12,000 per resident. This shows the potential for wildfires to cause significant damages 

and costs for SMMs. 

 The total cost of implementing a climate adaptation plan is $143.2 million. The 

potential damages (benefits) to be sustained from the extreme weather event of a wildfire 

is $1.2 billion. As can be seen in table 4.4 this shows a cost savings of $1.06 billion. This 

means that overall the benefits of implementing a climate adaptation plan to make SMMs 

climate resilient to wildfires far outweigh the costs of implementation showing a net 

benefit of $1.06 billion. Furthermore, the costs of implementing a climate adaptation plan 

can be amortized over multiple years. This means that the initial cost of 143.2 million 

although significant especially for SMMs can be spread out across multiple years. This 

can be used to help lessen the burden of the extremely high initial cost while still 

maintaining the benefit of mitigating extreme weather events. For example, the $143.2 

million initial cost of climate adaptation amortized over 5-10 years would cost the 

municipality in the range $28.6 million – $14.3 million per year. While this is still 

significant investment it would substantially lower the burden of upfront cost while 

keeping the benefit of mitigating the one-time catastrophic event. 

It is important to note that the implementation of climate resilient infrastructure 

and a climate adaptation plan in general will not make municipalities completely resistant 

to the damages of extreme weather events like wildfires. As a result, damages are still 
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likely to occur in the event of wildfires. However, recent research has shown that the 

savings from climate adaptation plans outweigh the costs on a ratio of 6:1(Martinez-Diaz, 

2018). This means that not only are the potential damages of extreme weather events 

higher than the costs of climate adaptation plans but the savings accrued from climate 

adaptation plans outweigh the costs of implementation as well.  

Catastrophic Flooding 

 Most Ontario SMMs but especially those in southern Ontario are at risk of 

extreme levels of flooding whether it is from heavy rainfall or storm. Essex County is an 

area comprised of SMMs and in 2016 and 2017 experienced two extreme flooding 

events. After extreme rainfall hit the region in 2016, the county’s ill prepared stormwater 

systems capacity was overrun causing inundated roads, fields and further flooding of 

dirty sewer water (Federation of Canadian Municipalities & Insurance Bureau of Canada, 

2020). The flood would result in insurance costs over $153 million and estimates place 

the government costs to be approximately 3 or 4 dollars for every one dollar spent by 

insurance (Federation of Canadian Municipalities & Insurance Bureau of Canada, 2020). 

These costs would be further compounded when one year later in 2017 the region would 

be hit with similar levels of flooding resulting in damages totaling approximately 165 

million dollars (Federation of Canadian Municipalities & Insurance Bureau of Canada, 

2020). Adding the two events together the costs total $318 million in insurance payments 

with the government costs expected to be 3-4 times that amount (Federation of Canadian 

Municipalities & Insurance Bureau of Canada, 2020). This would bring estimated 

government costs on the low end to $954 million. However, because the total government 
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costs are unknown to avoid inflating numbers this paper will use the total insurance costs 

as reference for municipal costs in this paper.  

 After conducting the second cost benefit analysis it becomes clear that the 

implementation of a climate adaptation plan once again shows cost savings. With the cost 

of climate adaptation plans totaling $143.2 million and the cost of the potential damages 

from catastrophic flooding amounting to $318 million table 4.5 shows a net benefit of 

$174.8 million. This means that in both cases of catastrophic flooding and wildfire the 

potential damages of extreme weather significantly outweigh the initial costs of 

implementation. Therefore, it is recommended that SMMs show a stronger initiative in 

climate change policy through taking the opportunity to implement climate adaptation 

plans. Ontario SMMs will have to make significant initial investment into infrastructure 

order to create a climate resilient municipality. However, this analysis shows that in both 

extreme weather event scenarios the costs are markedly less than potential damages 

posed by extreme weather events. Additionally, costs are able to be amortized over 

multiple years which may help limit the burden of initial investment while still enjoying 

the benefit of reduced costs from catastrophic extreme weather events.   

 

Incentive 

After conducting the cost benefit analyses it becomes clear that the 

implementation of climate adaptation plans can be a cost-effective method of climate 

policy. This furthers the argument that SMMs should take a more active role in climate 

policy as municipalities have the potential to implement efficient and effective climate 

policy. However, there is still a significant barrier for implementing climate adaptation 
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plans at the municipal level. Emergency funding for catastrophic events is largely 

provided by the federal and provincial governments yet the cost of adaptation would need 

to be borne by the municipalities. This means that despite the catastrophic risks of not 

implementing climate adaptation plans there is currently little to no incentive for 

implementation if municipalities have to bear the costs. Thus, due to the fact that 

emergency funding is provided by the federal and provincial governments SMMs in 

particular have no real incentive to bear the extremely high costs of adaptation even with 

the risk of catastrophic damage. 
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Chapter V:  

Conclusion 

 The federal and Ontario provincial government have largely failed in their 

attempts to implement effective climate change policy. Additionally, the impacts of 

climate change will be mainly felt at the municipal level through extreme weather events. 

As a result, the responsibility of enacting climate change policy should fall to 

municipalities in the form of climate adaptation plans to mitigate the impact of extreme 

weather events such as catastrophic fires and flooding. The results of this paper clearly 

show that the implementation of a climate adaptation plan for both catastrophic fire and 

flooding results in cost savings for Ontario SMMs. Thus, SMMs should take advantage 

of this opportunity to develop and implement climate adaptation plans in order to combat 

the impact of extreme weather events. While, the initial costs of climate adaptation are 

high many opportunities for assistance have been made available to municipalities from 

both government and non-profit organizations. This should aid in lowering costs for 

implementation and alleviate some of the burden of high initial costs. The high initial 

costs of implementation may be especially difficult for SMMs causing hesitancy in 

adaptation and these opportunities should help ease this issue. However, even without 

this funding the cost benefit analyses in this paper suggest that Ontario SMMs would 

significantly benefit from developing climate adaptation plans. Therefore, I argue that 

climate change policy is best served at the municipal level as it is both effective and 

results in cost savings. Lastly, there is a noticeable lack of research surrounding SMMs in 

Ontario and their climate preparedness. Although, a plethora of existing research 

regarding large municipalities in Ontario and their responsibilities and efforts 
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surrounding climate adaptation exists this research has yet to extend towards SMMs in 

the same region. As a result, this paper calls for further research in Ontario SMMs 

climate preparedness. This will help researchers understand and assess Ontario SMMs 

level of climate resiliency, better understand the needs of SMMs, and provide more 

accurate analysis in the future. 
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Tables 

Table 4.1: Costs of Climate Adaptation 

Infrastructure Associated Cost 

Green Infrastructure: Total 4.5 

million CAD 

Develop Air Quality Health Index Plan - $100,000 

Tree Pruning Program - 500,000 

Research and implement green infrastructure such as french drains, dry wells etc.. -

  100,000 

Protect and enhance management of natural areas to increase climate resilience -

  500,000 

Investigate potential for natural areas to enhance flood attenuation - 500,000 

Enhance linkages of and between natural heritages - 1.0 Million 

Implement invasive species program - 500,000 

Complete urban forest management plan - 500,000 

Improve climate resilience of trees in parks and forests - 100,000 

Improve community benefit and knowledge of natural areas - 100,000 

Incorporate native and drought tolerant plants - 100,000 

Decrease public and private contributions to Air quality through promoting and 

implementing the benefits of green infrastructure - 500,00 

Waste Management Systems: 

Total 120.3 million CAD 

Sewer Replacement, upgrades to pumping station and sewers, and rebuilding roads - 90 

million  

Cover road ditches and increase sewer and pump capacity - 30.3 million 

Transportation Systems: 4.3 

million CAD 

Enhance community safety during icy conditions - 1.0 Million 

Protect and improve roads from overland flooding - 1.0 Million 

Improve communications from transit to the public - 100,000 

Develop extreme weather contingency plans for transit systems - 500,000 

Developing and implementing Transportation Master Plans - 100,000 

Review and improve policies and procedures to prepare for overland flooding - 500,000 

Review, develop, and implement design standards and maintenance practices for road 

construction and maintenance -  1.0 million 

Enhance the inspections of roads to assess infrastructure deficiency - 100,000 

Water Systems: Total 3.1 

Million CAD 

Enhance Surveillance of Blue-Green Algae - 100,000  

Implement recommendations of studies and protect Water Pump Stations - 1.0 Million  

Enhance protection of Pollution control plants - 500,000 

Complete flood mapping study and implement findings - 1.0 Million 

Improve Stormwater Design Standards - 500,000 

Building & Developments: 

Total 8.9 million CAD 

Continue to protect Indoor Air Quality - 100,000  

Enhance the basement flooding subsidy Program - 1.0 Million  

Promote and Protect Public and Private building standards and maintenance programs to 

protect from increased cooling demands: 100,000 

Incorporate Climate change considerations into infrastructure design development and 

maintenance - 500,000 

Review design and maintenance standards to ensure they meet climate projections - 1.0 

Million 

Explore options for increased Electrical power from Municipal generators to 

supplement Ontario grid when needed - 100,000  

Improve design standards for Recreational Facilities to ensure they are climate resilient - 

1.0 Million 
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Identify strategies to minimize cancellations of recreation activities at facilities - 1.0 

Million 

Enhance Inspections of special event facilities - 100,000 

Replace docks with more climate resilient docks - 1.0 million 

Enhance the use of low impact developments in both public and private areas - 1.0 

Million 

Consider thermal comfort and Heat levels in Development designs - 1.0 Million 

Implement community Energy Plan-1.0 Million 

Communication Systems: Total 

2.1 million CAD 

Increase community Knowledge on Climate Change - 100,000 

Update community development and health emergency response plan - 100,000 

Develop an Extreme emergency response plan for extreme weather events - 100,000 

Enhance public education in order to increase resident preparedness for Extreme 

Weather - 100,000 

Develop or Review and update Heat response and alert plan - 100,000 

Increase education on how to reduce risk of basement flooding -100,000 

Develop a media notification system for extreme weather events - 100,000 

Increase Community knowledge on the benefits of natural areas and private trees - 

100,000 

Improve communication of Transit systems to the public - 100,000 

Develop Communications campaign on lot resiliency for residences - 100,000 

Enhance communication and knowledge on the impacts of extreme heat on human 

health - 100,000 

Improve collaboration and data sharing with other municipalities within the region to 

improve climate adaptation and preparedness - 1.0 Million 
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Table 4.2 Cost Range of Adaptation Per Capita 
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Table 4.3: Costs of Extreme Weather Events (Benefits) 
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Table 4.4: Summary of Costs and Benefits for Wildfire 
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Table 4.5: Summary of Costs and Benefits for Flooding 
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