
1 
 

  

A Climate Resilience Roadmap for 

Municipal Infrastructure and Systems  
 

April 2021 



2 
 

Authors of this Guide 
 

The Climate Resilience Roadmap for Municipal Infrastructure and Systems was produced by the Regional Public 

Works Commissioners of Ontario (RPWCO). It was developed in a highly collaborative manner through the RPWCO 

climate change sub-committee. Significant time by RPWCO members and the climate change subcommittee co-chairs 

was involved in scoping, brainstorming and refining the content contained in the guide and activity workbook.  

 

The authors wish to express their gratitude in being involved and in helping make climate adaptation and resilience 

relevant to local Ontario municipalities. The following authors were involved in developing content and activities as 

part of this roadmap: 

 

Glenn Milner, Savanta – GEI Consultants 

Shelley Hazen, Savanta – GEI Consultants 

Trine Stausgaard Munk, Ramboll 

Hillarie Cania, Ramboll 

Maria Facchin Asmussen, Ramboll  
 

Recommended Citation 
 

Milner, G., Hazen, S., Stausgaard Munk, T., Cania, H and Facchin Asmussen, M. 2021. A Climate Resilience Roadmap 

for Municipal Infrastructure and Systems. Regional Public Works Commissioners of Ontario, RPWCO. Roadmap 

guidance document and accompanying training recordings available online at www.rpwco.ca.  

http://www.rpwco.ca/


3 
 

CONTENTS 
 
 

Authors of this Guide ..............................................................................................................................2 

Recommended Citation .........................................................................................................................2 

Climate Resilience Roadmap for Municipal Infrastructure and Systems ................................ 4 

Introduction to the Roadmap .............................................................................................................. 5 

1. Engage and Set-Up ............................................................................................................................. 9 

2. Taking Stock: Municipal Asset Inventory ................................................................................... 17 

3. Climate Scenario Analysis ............................................................................................................. 24 

4. Assess and Prioritize ...................................................................................................................... 38 

5. Securing Municipal Support .......................................................................................................... 54 

6. Continuous Learning and Improvement ..................................................................................... 63 

Concluding Thoughts .......................................................................................................................... 67 

Glossary of Terms ................................................................................................................................ 68 

Resources for Further Reading ........................................................................................................ 70 

Appendix 1: Roadmap Activity Workbook ...................................................................................... 73 

Appendix 2: Visualizing the Roadmap - A Case Study in the City of Windsor .................... 148 

 



4 
 

Climate Resilience Roadmap for Municipal Infrastructure and Systems 
 

  



5 
 

Introduction to the Roadmap  
 
There is a strong link between the impact of climate change on Ontario communities and the resilience of municipal 

assets designed and constructed to support them. However, there has been a historical lack of guidance on setting 

priorities using risk-based information in an integrated manner across an different asset categories. Thus, the Regional 

Public Works Commissioners of Ontario (RPWCO) produced a Climate Resilience Roadmap for municipal 

infrastructure and systems.  

 

This roadmap is an Ontario-focused approach for municipalities to address climate risks on infrastructure and systems 

by building off existing best practices. By following this roadmap, a municipality can obtain guidance on how to 

undertake stakeholder engagement, develop an inventory of assets in support of delivering levels of service, obtain 

climate projections and scenarios, undertake a risk assessment and prioritize adaptation projects based on the results 

of an assessment.  

 

A risk assessment is an essential process in building business cases for informed decision-making within climate 

change adaptation. A risk assessment provides the necessary input to prioritize between different planning scenarios, 

plans or design, and to identify economic optimal levels of service and protection. A risk assessment can help: 

• Build a business case for climate adaptation in relation to baselines (e.g., developing a comparison of taking 

action compared to a do-nothing scenario); 

• Prioritize between adaptation options, plans and/or designs for a specific area or asset; 

• Define optimum level of service for climate adaptation; and 

• Prioritize a course of action. 

To access a series of webinar training videos narrated by the roadmap authors and 

accompanying presentation materials, please refer to the RPWCO website: www.rpwco.ca 

http://www.rpwco.ca/
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Importantly, Appendix 1  contains seventeen valuable activities that build off the guidance provided in this document 

and demonstrate “how” to complete the steps along the roadmap. Appendix 2 provides a synthesis of a case study 

analysis completed for a neighbourhood in the City of Windsor to illustrate three key steps in the roadmap process. 

The scale at which climate change is assessed is important. This roadmap is meant to guide your assessment and 

prioritization of climate-related infrastructure hazards, at a scale above individual assets. Frameworks typically lend 

themselves to certain levels of detail and scales, such as across a municipality in its entirety, an asset category to 

enable the delivery of an environmental or public works service, or numerous asset classes across a geographic area. 

Two main scales of assessment are built into the roadmap process:  

1. A geographic area of interest (e.g., neighbourhood level, taking an integrated approach); and 

2. Across an entire infrastructure system (e.g., all wastewater assets). 

 

The depth of an assessment is the level of detail or rigour an analysis goes into. Not all components of climate 

adaptation initiatives or risk assessments require a “deep dive” to enable resilient decision making. That said, the 

deeper the analysis, the greater the level of resource required, but the more specific results and outputs can be. Two 

pathways are included in this roadmap, and in the diagram on page 4. At major steps along the roadmap, a municipality 

can re-select and adjust their preferred pathway (or level of detail). Regardless of the pathway followed, all 

municipalities implementing this roadmap would follow the same steps and end up with similar types of outputs (e.g., 

but to varying degrees of detail). 

 

This roadmap has been developed such that you start broad and narrow your scope as you progress along each step. 

In other words, Step 1 does not scope the entire process upfront. This is because adaptation is complex, and it requires 

detailed consideration of factors throughout the process such as the stakeholders and staff involved, the assets and 

themes of interest to your municipality, the data available in GIS, and other key factors prior to assessing risk and 

prioritizing actions. The following table summarizes each roadmap step and key decision points related to scoping. 
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Step 1: Engage 

and Set-Up 

Municipal-Wide: Engage with infrastructure relevant staff. Set-up your adaptation process. 

Decide how many staff will comprise your project team and how widely you will engage to 

form an advisory committee.  

Step 2: Asset 

Inventory 

Infrastructure Systems: Identify services and the assets required to deliver those services. 

Confirm a suite of risk assessment themes, the infrastructure that would be assessed within 

each theme, and evaluate the GIS data completeness and confidence prior to proceeding. 

Step 3: Climate 

Scenario 

Analysis 

Multiple Risk Assessment Themes: Identify and obtain climate parameters that are 

specifically relevant to your risk assessment themes and the infrastructure being assessed 

(confirmed in Step 2). Tailor these climate scenarios for the specific process you will be using 

them for (e.g., quantitative timeseries to run a model to estimate hazards and subsequently 

risk). 

Step 4: Assess 

and Prioritize 

Multiple Risk Assessment Themes: Based on the climate scenarios obtained and analyzed in 

Step 3, and the assessment themes confirmed in Step 2, identify the risk for each available 

hazard for all themes in the area in order to assess the economic impact of each hazard. Note 

that the impacts within a theme may vary from hazard to hazard. Once completed, validate 

results with stakeholders and identify your priority hazard and top areas most at risk. 

Step 5: Securing 

Municipal 

Support 

High Risk Areas and Priorities: Based on the results of your risk assessment and 

prioritization in Step 4, target a municipal mechanism to influence and communicate the risks 

of “doing nothing” through visuals and illustrative communication materials. 

Step 6: 

Continuous 

Learning and 

Improvement 

High Risk Areas and Priorities: Prior to specific implementation, establish a monitoring, 

evaluation and learning plan and identify key performance indicators to prepare for continuous 

evaluation and learning. 
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By implementing the steps and activities provided in this process, the RPWCO climate resilience roadmap can help a 

municipality:  

• Confirm and identify where a municipality is at as it relates to climate adaptation being incorporated into 

infrastructure processes (e.g., early stages, or more advanced and mature);  

• Determine current and future infrastructure-related hazards caused by climate change across a chosen 

geography that may form the basis of overall climate change adaptation strategy; 

• Obtain climate projections relevant to critical infrastructure and tailor these to enable a robust risk assessment; 

• Prioritize “most at-risk” to “least-at-risk”  climate related hazards; and 

• Provide an understanding of hazards to act as a foundation for staff and stakeholders to determine appropriate 

actions and/or projects.  

 

The completion of the RPWCO roadmap can provide a springboard for municipalities to undertake more detailed 

analysis, such as a Public Infrastructure Engineering Vulnerability Committee (PIEVC) risk assessment for a specific 

asset or site identified to be critical or high priority, where appropriate. It can also enable the development of specific 

guidance for adaptation projects or infrastructure design specifications at a later stage to address priority hazards in 

areas of importance for a municipality.  
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1. Engage and Set-Up 
 

 

A) Establish Guiding Principles 

Prior to beginning the adaptation process, 

develop and adopt guiding principles for 

assessing and planning for the effects of 

climate change. These principles can be 

used to demonstrate alignment and 

consistency and should align with those 

already in place within a municipality as part 

of planning efforts. Appendix 1 in this 

document provides a checklist of guiding 

principles that have been most commonly 

applied by Ontario municipalities in the past 

in support of their climate change 

processes (refer to Activity #1). It is 

recommended that each municipality 

review this list and identify those that are Key Components in Beginning an Adaptation Process 

Recommendations At-A-Glance 

• Check with your municipal planners to avoid duplication of efforts on climate adaptation. 

• Do not skip forward to a further step without completing Activity #3 to identify your municipality’s existing 

progress along this roadmap. 

• Create a diverse, cross-departmental infrastructure-focused core team. 

• Clearly identify roles and responsibilities in a terms of reference for your team members, advisory 

committee and stakeholders. 
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most appropriate to them (e.g., evidence-based, alignment, flexible, partnerships and engagement-focused, etc.). 

Document the guiding principles that will be used, and presented to senior decision makers and council, in future 

efforts. 

 

B) Create Your Team 

Identifying key members of your team internally is also critical. Ideally, a core project team should be created with 

municipal staff who are infrastructure-focused and are able to move the roadmap forward. Avoid having a project 

team consisting of one staff person, where workload or silos can pose challenges in implementation. In other words, 

involve infrastructure focused staff, but broaden the team out as much as possible. In some instances, it might be 

appropriate to have representation from finance staff involved to build alignment and buy-in from staff charged with 

prioritizing funding amongst numerous competing priorities, especially given that costs and benefits are expressed in 

monetary terms.  

 

Consider forming an advisory committee across the municipality with diverse representation among staff who can 

review or be a sounding board for ideas as part of the process. Activity #2 in Appendix 1 provides a process to identify 

important municipal staff across departments as part of a project team and advisory committee. Consider the following 

questions when identifying who will be involved: 

1. Who has interest and/or capacity to participate?   
2. Do you have a diverse representation across the municipality?  
3. Have you included, and made explicit linkages between public works and planning staff to foster alignment 

among initiatives?  
4. Have you created a terms of reference to guide how often an advisory committee would meet and what 

expectations you have of them?  
5. Are there existing committees or groups you could leverage rather than creating an entirely new committee 

(e.g., environmental advisory committees, sustainability teams, etc.)? 
6. Does your adaptation team include representation from municipal operation and maintenance? (These staff 

have useful insight from dealing with on-going climate impacts). 
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Engaging Stakeholders Meaningfully across the City of 

Thunder Bay 
 

Climate adaptation is a broad category, and needs to engage a wide 

variety of experts, stakeholders, and knowledge holders to be 

effective. Through an initiative called EarthCare, The City of Thunder 

Bay partners with the community on key sustainability and adaptation 

topics on an ongoing basis.  

 

The backbone of this initiative are the Earth Care working groups. 

Consisting of city employees, community stakeholders, academics, 

and interested citizens; each group focuses on one of the 11 

sustainability themes found in the Thunder Bay Sustainability plan, 

from water to waste; from active transportation to climate adaptation. 

 

The EarthCare Climate Adaptation working group provides an 

ongoing and open opportunity for engagement with citizens and 

stakeholders to be involved in, engaged with, and contribute to 

adaptation actions in their community. During the creation of The 

Thunder Bay Climate Adaptation Strategy, the Climate Adaptation 

Working Group provided a strong foundation network for an 

engagement process that grew to include over 170 contributors. 

 

Find out more about EarthCare Thunder Bay and the City of Thunder 

Bay Climate Adaptation Strategy at ThunderBay.ca/EarthCare 

 
 

https://www.thunderbay.ca/en/how-earthcare-works.aspx
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C) Identify Your Existing Progress along this Roadmap 

Once your team is in place, it is a valuable exercise to begin thinking of the scope of your adaptation efforts as a 

municipality. This lays the groundwork for assessing what steps you may have already completed, and what might you 

still need to undertake (or “adaptation maturity”, which refers to a municipality’s institutional readiness and progress 

in adapting to climate change for infrastructure and systems). Consider beginning with the end in mind and what level 

of detail or effort might be appropriate for your context as you implement the roadmap. 

 

In Appendix 1, complete the Roadmap Checklist Activity #3, which prompts you to consider the components of each 

step along the roadmap and whether your municipality has already made progress in a particular area. It is 

recommended that you work with all members of your core project team in completing the activities in Appendix 1. 

Notably, it may be important to think of additional staff from corporate services who may not be integrated into your 

project team or advisory committee who could support in answering the questions provided in Appendix 1 based on 

their experience.  

 

Activity #3 in Appendix 1 focuses on municipal progress in relation to this roadmap, rather than broader municipal 

initiatives such as official plan updates and broader policies and plans, to identify where you may be able to skip ahead. 

There are no assumptions made surrounding what progress a municipality has made to date (e.g., asset management 

planning, etc.). For municipalities at an advanced stage, you may be able to skip to the third or fourth step along the 

roadmap. 

 

D) Identify Your Stakeholders 

The next stage when beginning to adapt infrastructure in light of 

climate change involves identifying and categorizing relevant 

stakeholders. Consider how and to what extent engagement needs 

to factor into your process. It is critical that external stakeholders, 

partners and council understand and buy-in to the results from this 

Tip: Think beyond typical 

stakeholders. Are there 

unconventional allies you can 

engage to help push forward your 

agenda? 
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process to invest and ultimately build resilience down the road. In order to do so, the following are considered best 

practices around engagement: 

• Engage early on, and keep things honest; 

• Prioritize diversity and inclusivity; 

• Be ready for out of the box ideas that require integrating into your process; 

• Embrace conflicting ideas and create space for compromise;  

• Remember the bigger picture and share your results to make things real. 

 

Stakeholders have different interests and influences when undertaking an adaptation process related to 

infrastructure. For instance, if an upper tier municipality is leading the process, it will be critical to engage their lower 

tier municipal colleagues upfront as part of the scoping and as part of the project team or advisory committee. It is 

also critical to provide periodic updates to municipal Council and obtain their approval to enable timely approvals down 

the road and support for funding requests for adaptation building projects. On the other hand, a stakeholder such as 

an insurance agency may be worthwhile to engage later down the road but would not necessarily be critical as you 

begin. To aid in categorizing these stakeholders, we provide one method to consider. 

 

The matrix (on the following page) illustrates different types of municipal stakeholders, which are important to 

consider at the beginning of your adaptation process. A particular stakeholder or person’s position in this matrix can 

change over time. It is also expected that the stakeholders that comprise a particular category will differ depending 

on the municipality. Begin by reviewing the list of stakeholders identified by RPWCO municipalities (Activity #4) and 

reach consensus on what potential categories they may fall into and when to engage them.  
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Stakeholders with high influence and high interest lend themselves to close collaboration throughout the roadmap 

process and in workshop settings (e.g., lower or upper tier municipalities, conservation authorities). These 

stakeholders should be engaged early on in beginning the roadmap process to support in scoping. Stakeholders with 

low interest and low influence should be recognized, and receive occasional updates of roadmap progress as 

appropriate, but do not need to be intimately involved. Other stakeholders may have high influence but low interest or 

capacity to 

participate (e.g., 

higher orders of 

government) and we 

propose that they 

should be made 

aware of this 

roadmap process, 

and receive 

communication as to 

what it is, how the 

results might fit within 

their mandate and 

potentially attend 

engagement sessions 

as deemed 

appropriate by a 

municipality.  

 

 

 

 
Categorizing Municipal Stakeholders 
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Finally, stakeholders with low influence but high interest (e.g., academics, etc.) should be engaged and invited to 

participate in external workshop sessions and support in integrating community interests into the infrastructure 

analyses, but do not necessarily need to be intimately involved early on. The level of engagement that is most 

appropriate depends on the municipality. Some may choose to invest in significant and ongoing engagement as part 

of their sustainability or climate change services, whereas others may be unable to commit to as much effort beyond 

critical participation for validation and expertise. 
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Integrating Social Factors into Adaptation: A 

Case Study in Port Credit, Mississauga 
 

A climate change vulnerability assessment completed in 

2016 undertook an integrated approach to mapping, 

assessing and interpreting the impacts of climate 

change on assets across a shoreline community in 

Mississauga.  

 

Front and centre to this process was understanding the 

vulnerability of residents and identifying opportunities 

for increasing social resilience in the face of a changing 

climate. Study authors wove technical hazard analyses 

into storylines and identified who may be the vulnerable 

residents, where those residents live, what challenges 

they face in adapting to climate impacts, and which 

extreme events may be the most important for the City 

to begin to build outreach and capacity initiatives. 

 

A link to the report can be found online here. 
 

https://climateconnections.ca/app/uploads/2012/03/Final-PortCredit-VA.pdf


17 
 

2. Taking Stock: Municipal Asset Inventory 
 

 

Once the first step of the roadmap has been completed, it is then time to confirm specifically what infrastructure 

systems and assets are in scope of the assessment. This can be done in an accelerated manner or in a more detailed 

process, depending upon the level of interest of a municipality and whether they already have a sufficiently detailed 

asset inventory in GIS. In Appendix 1, complete Activity #5, which provides a guided process to identify municipal 

services, assets and potential themes of risk assessment based on those documented. Activity #5 also directs you to 

additional guidance for defining critical infrastructure, asset management processes, and provides a template to 

document key information for moving forward in this roadmap.   

 

Typically, to undertake an adaptation process and analyze risk, 

one needs to scope and identify what risk assessment themes are 

relevant to them to ensure a systematic process is undertaken. 

These themes can look different depending on the municipality 

and the priorities of who is leading the process.  

 

 

Tip: Align your efforts with your municipal 

asset management staff. Consider FCM 

resources related to integrating climate 

change into levels of service. 

Recommendations At-A-Glance 

• Obtain geospatial (GIS) data for as many municipal assets as possible and identify assets with digitized 

(GIS) information already. Also include non-municipal, but critical assets (e.g., hospitals). 
• Align the “themes” of a risk assessment with the services your municipality provides. 
• Identify additional themes that may not be “owned” municipal services but that may be important to 

capture (e.g., social systems, cultural heritage, energy systems, etc.). 
• Scope your infrastructure resilience efforts to focus only on critical assets across your jurisdiction, or 

elevate assets known to be more important to residents. 

https://fcm.ca/sites/default/files/documents/programs/mcip/considering-climate-change-in-levels-of-service.pdf
https://fcm.ca/sites/default/files/documents/programs/mcip/considering-climate-change-in-levels-of-service.pdf


18 
 

Some examples of themes are provided below: 

• Emergency Services 

• Stormwater Infrastructure 

• Natural Systems 

• Transportation (Roads, Fleet, 

Transit, etc.) 

• Municipal Buildings 

• Water and Wastewater 

 

Ultimately, you should align your risk 

assessment themes with the services your 

municipality provides (see Activity #5 for 

more). Each of your municipal services can 

become a theme to carry forward in the 

roadmap process, or you may consider 

combining a couple if appropriate (e.g., 

water and wastewater as one theme). If 

you have not captured a particular theme 

that you feel is important to assess (e.g., 

social systems, energy systems, cultural 

heritage, or another system that is not 

municipally owned), ensure that it is 

brought forward as part of your activity. 

 

Integrating Climate Change into Levels of Service:  

An understanding of the levels of service provided by a 

municipality is required in order to effectively deliver 

services using municipal assets. A number of factors may 

affect the level of service delivery for a particular asset type: 

• Community expectations 
• Legislative requirements 
• Policies and objectives 
• Resource availability and financial constraints 

 

Climate change considerations can be factored into the 

likelihood and consequences of risk to municipal assets, 

which can in turn inform priorities around not meeting level 

of service targets. 

 

Examples of cities which have already defined levels of 

service for pluvial flooding include Copenhagen (5-yr rain 

event), London (30-yr event), Chicago (5-yr event), 

Rotterdam (2-yr event), and New York City (5-yr event). For 

more guidance on defining current vs. expected (resilient) 

levels of service, read this guidance document here.  

 

http://mfoa-amp.ca/AMF/AMF_04C.pdf
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Establishing Resilient Levels of Service 
 

Buzzard Point, an urban development in an old 

industrial site located in the flood plain outside 

Washington D.C. was designed for a minimum flood 

level. The City wanted to understand the necessary 

measures to heighten the level of service in relation 

to storm surge flooding from the Anacostia and 

Potomac Rivers, also in the future.  

 

To understand the correlation between cost, 

benefit, and co-benefits three different protection 

levels were tested in a cost-benefit analysis (CBA). 

The conclusions from the CBA assisted the City in 

identifying a feasible service level for the new 

development today and in the future. 

 

The Executive Summary can be found online here. 

https://ramboll.com/-/media/files/rgr/documents/markets/water/b/buzzard-point-report-executive-summary.pdf?la=en
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Consider each of the steps below: 

1. What services does your municipality provide to the community?  

 

2. What built and natural assets are required to deliver these services? In other words, what infrastructure does 

your municipality own, manage, operate or maintain? Consider other assets that may be relied upon for 

delivering services but not necessarily owned, maintained or operated by your municipality (e.g., wetlands, 

conservation authority assets or lands, hospitals, schools, etc.). Identify and document these in a list. Compare 

and cross-reference them with the example asset inventory list below and in Activity # 5. If you are missing any 

asset(s), consider if it should be in scope of your assessment. 

 
Municipalities often define critical infrastructure differently, depending on their size and growth, the hazards 

they face, and the priorities of their residents and Council. Often, critical assets are not owned by a municipality, 

but a municipality provides critical supporting services (e.g., water supply to hospitals). Examples of critical 

assets previously defined and/or identified within municipalities in Ontario and Canada are listed below. The 

following provides a subset of critical assets, and is not meant to be exhaustive:   

 

• Government Services: court houses, police stations, detention centers, post office, distribution centres, 

emergency operations buildings, townhalls, universities, daycare, primary and secondary schools 

• Health Services: hospitals, police station, fire station, defense infrastructure (if applicable)  

• Transportation and Transit: bridges, airport, rail corridors for shipping and passengers, transit 

infrastructure, bus and subway stations, regional and potentially local roads 

• Water: water treatment plants, dams, dykes, weirs, drinking water inlets, municipal wells, wastewater 

outlets 

• Waste: landfill, tipping facilities, sanitation facilities 

• Natural and Cultural Assets: protected natural areas or assets designed for flood storage, areas of 

cultural significance such as museums 
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• Financial Institutions: banks 

• Energy and Utilities: electrical transmission lines, transformer stations, substations, power plants, 

telecommunication cables, natural gas pipelines 

• Food and Manufacturing: food manufacturing and production plants, process industry plants 

 

3. For the infrastructure identified above, what has been assessed from a climate change perspective already? If 

it is considered that these are sufficiently analyzed at this time, remove a subset of the assets from your scope. 

Otherwise, proceed to question 4 below. 

 
4. Has your municipality previously defined and identified critical infrastructure? If so, consider options a or b 

below. If not, consider option c. 

a. Narrowing your scope to focus on the critical infrastructure across your municipality, if it includes assets 

across multiple systems; or 

b. Elevating these assets to receive additional assessment as part of the risk assessment described in step 

4 of the roadmap.  

c. Follow a more detailed pathway and initiate a process in close collaboration with emergency 

management staff, public works and other critical municipal departments to identify what assets could 

be determined critical or should be elevated (e.g., leverage existing authority programs where applicable, 

such as Public Safety Canada’s Resilience Assessment Program1, Emergency Management Ontario2). 

Keep in mind that non-municipally owned assets may also need to be critical so engage broadly as part 

of this process (e.g., hospitals, process industry plants, universities, daycare, areas of cultural 

significance. 

 

5. Are you missing any municipal assets that should be in scope based upon the priorities of your municipality? 

 

 
1 https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx 
2 https://www.emergencymanagementontario.ca/english/emcommunity/ProvincialPrograms/ci/ociap_strategy.html  

https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx
https://www.emergencymanagementontario.ca/english/emcommunity/ProvincialPrograms/ci/ociap_strategy.html
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6. Consider the level of digitized data you have on the municipal assets in scope. Talk to your colleagues working 

in data management, geographic information systems (GIS), and asset operations and maintenance to identify 

the level of effort involved in obtaining data for assessment. If significant datasets are not yet available, or 

remain in hardcopy records (e.g., not digitized), it is recommended you follow a detailed pathway to fill data 

gaps, digitize information into GIS and consider whether it is feasible to include assets where data may be 

particularly challenging or resource-intensive to collect. Without high quality GIS information, a high quality and 

detailed climate risk assessment is not possible and so it is critical that this work be completed prior to beginning 

Step 4 of this roadmap. GIS data may come from public administrations (e.g. the respective region, municipality, 

province and local universities). Data may also be found in online sources via OpenStreetMap or other free 

services. 

 
7. Document your final findings similar to the table below (and provided in Activity #5) to confirm the scope of your 

assessment: 

 

 

 
Ultimately, upon completion of this step of the roadmap, you should have a clear understanding of 1) what assets will 

be in scope for your assessment, 2) how many might be located across your municipality, 3) the level of effort involved 

in obtaining detailed data on each asset, and 4) whether a detailed pathway is required to digitize data in GIS and/or 

fill data gaps or define critical infrastructure before proceeding. At this stage, you will not yet have analyzed, or 

undertaken the assessment of these assets – but you would have a confirmed understanding of the spatial breadth 

and depth of the assessment that will be needed across your municipality. 

Assessment 
Theme

Asset Data Source(s) Existing Status Decision Point

Municipal 
Buildings

Recreation 
Facilities

GIS Inventory 
(2017)

Not yet 
assessed, not 

critical
Yes - in scope
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Climate Change and Flood Risk Assessment of Sensitive Receptors and Community 

Assets across the Region of Durham 
 

As a foundational step to assessing risk from flooding and climate change, Durham Region has  

developed an inventory of all sensitive receptors, identifying key locations and clusters of schools, 

childcare facilities, hospitals, senior homes, emergency services and community services. These have 

been defined based on those providing critical services to the Region’s residents and those requiring 

access in the event of extreme weather.  

 

In partnership with local Conservation Authorities, the Region is in the process of updating floodplain 

mapping to account for shifting return periods, and anticipates overlaying and evaluating various 

vulnerability information to identify “hot spots” to inform spatial resilience priorities. 
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3. Climate Scenario Analysis 
 

Recommendations At-A-Glance 

• There is no need to obtain climate data if your municipality already has trends and projections 

developed in the last 5 years – check with other municipal staff working on climate change. 

• Before obtaining climate data, identify the application you hope to use it for. The “narrowing” of 

potential use of climate information ahead of time provides tremendous value rather than bringing 

numerous statistics and parameters forward where staff are unsure what and how data may prove 

relevant to their work.  

• Obtain climate data tailored specifically to the municipal application in your scope (i.e., use 

quantitative numbers and time-series for modeling and detailed risk assessment, or qualitative trends 

for policy changes and high-level risk assessment). 

• Use the business-as-usual scenario (currently called RCP8.5) in your risk assessment to take a 

precautionary approach at estimating climate risk. To go above and beyond, use an additional 

scenario (e.g., moderate emissions, such as RCP4.5) if you want to compare different future levels 

of risk. 

• Obtain climate data for all future time horizons (short term, mid-century, end of century – generally 

the 2030s, 2050s, and 2080s) to provide a foundation across all municipal departments. Optionally, 

if you only focus on one asset class and do not intend to share across departments (e.g., roads), 

obtain climate data for the future time horizon that aligns with the asset’s design life (e.g., for 

stormwater infrastructure use end of century, for roads use mid-century). 

• Use the “Climate Data for a Resilient Canada” portal if your municipality intends to undertake a basic 

assessment. Use the “Ontario Climate Data Portal” by York University if your municipality intends to 

undertake a “detailed” assessment and is particularly keen on incorporating local dynamics such as 

lake-influences.  

https://climatedata.ca/
http://lamps.math.yorku.ca/OntarioClimate/
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A) Scope Your Climate Information Needs and Identify Sources of Information 

Climate information and scenario planning are mentioned frequently as part of undertaking a robust adaptation 

process. However, the level of complexity involved to scope, access, analyze and apply data is often underestimated. 

When preparing climate data for analysis, it is crucial to begin with the end in mind. Consider what you intend to use 

climate information and scenarios for as part of your municipal adaptation processes. What initiative or application do 

you hope to use climate information for? Do you require both qualitative and quantitative outputs? The content in this 

step will support you to find an answer to these questions. 

 

Climate data and scenarios can be used for various municipal applications. Depending on the application, the approach 

to incorporate climate scenarios into municipal initiatives differs. Quantitative climate scenarios are leveraged often 

for impact modeling, to inform infrastructure design and program thresholds, and risk assessment. Qualitative climate 

scenarios can be used to inform policy wording updates, community education and awareness raising, and in 

conveying stories to council. Consider the table below to identify what type of climate information you might require. 

 

Municipal Application or Initiative Typical Climate Information Needs  

Infrastructure design threshold updates (e.g., sizing for future rainfall) Quantitative – timeseries  

Hazard mapping and risk assessment Quantitative – timeseries  

Community health program criteria changes (e.g., heat warning thresholds) Quantitative – average conditions  

Climate-adjusted revenue forecasting  Quantitative – timeseries 

Public awareness campaigns  Qualitative 

Educational materials and future stories and narratives Qualitative 

Seasonal services and staff scheduling Quantitative – average  conditions 

Floodplain modeling  Quantitative – timeseries  

Updating intensity-duration-frequency (IDF) curves Quantitative – average  conditions 

Watershed modeling incorporating future climate scenarios  Quantitative – timeseries  

Policy wording updates  Qualitative 
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As you can observe from the table above, not all municipal applications or initiatives require detailed, quantitative data 

to “typically” inform their work. However, for some particular applications the type of climate information can differ 

depending on the level of detail needed. As an example, risk assessments can involve the use of quantitative timeseries 

to run models and produce future hazard mapping (a detailed pathway). On the other hand, a more simplified 

methodology could involve interpreting changes in future average conditions and estimating risk using a scale (an 

accelerated approach). Step 4 describes these concepts in much more detail.  

 

More generally, if your municipality intends to use climate 

information and scenarios to accomplish multiple applications 

listed in the table above (e.g., policy wording updates and to run 

impact models), it would be valuable to obtain a combination of both 

quantitative and qualitative information to enable your ability to 

inform numerous initiatives. Always ensure that the advisory 

committee and appropriate stakeholders (categorized in Step 1) are 

involved in scoping the climate information needs.  

 

Consider the figure below prior to obtaining climate information and developing scenarios for analysis. To help you 

identify the preferred approach for your municipality, and whether you should take an accelerated or detailed pathway, 

please refer to Activities #6 and 7 in Appendix 1 at this stage. Activity #6 provides important educational information 

surrounding climate information and the two climate data portals (identified on the following page below). Activity #7 

helps you to identify what climate parameters are currently (and typically) available on open source government data 

portals and prompts you to consider if you may need those that are required for certain quantitative analyses in the 

future.  

 

 

Tip: The Canadian Centre for 

Climate Services (CCCS) offers a 

“climate services support desk” 

phone and email to ask questions 

related to access, application and 

use of climate scenarios. 

https://www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html
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Based on the path you select; the authors of this guide recommend you use one of the following climate data portals. 

However, it is important to note that these are recommended based on the date this guide is published, and new 

portals may be developed and/or released with updated and additional information. As you complete this roadmap, 

undertake a quick scan for Ontario and/or Canadian climate data portals to avoid missing the latest information.  

Able to leverage existing 
municipal climate trends from the 
last 5 years (if they exist).

Able to download and use open 
source government data portals 
for all your climate information 
needs (see Activity #7).

Interested only in qualitative or 
semi-quantitative risk scoring 
based one expert judgment, 
rather than hazard modeling.

You require climate parameters 
not readily available on open 
source government data portals 
(see Activity #7 to identify this).

You require external expertise to 
analyze or derive locally 
customized data, incorporating 
lake-effect conditions, etc.

You want to run quantitative 
models to estimate the extent of a 
hazard, or undertake detailed risk 
assessment.
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1. If you are undertaking an “Accelerated” pathway, use the “Climate Data for a Resilient Canada” portal; 

2. If you are undertaking a “Detailed” pathway, use the “Ontario Climate Data Portal” developed by York University. 

Note: this portal requires more technical expertise but also incorporates regional climate models that are 

dynamically downscaled and may capture lake-effects. 

 

B) Characterize Historical Climate Conditions and Impacts 

Once you have an idea of what you hope to use climate information for, and what climate data portal you can leverage, 

it is important not to skip over the characterization of historical and ongoing climate conditions and impacts across 

your municipality. This is an important component of developing climate scenarios and enables the comparison of 

future trends with historical (observed) data. Historical climate characterization often involves: 

1. Obtaining observed climate data at local climate stations (ideally with minimum 30 years of data) and analyzing 

average conditions and trends through time; and  

2. Compiling anecdotal evidence via media articles and stakeholder expertise based on observed experiences.  

 

Many climate data studies focus more on future trends analysis, rather than historical characterization. However, the 

latter is critical towards understanding and incorporating concepts such as lake-effect precipitation patterns, spatial 

variability across your municipality’s geographic area, significant topographic features that should be accounted for 

in an analysis (e.g., the Niagara Escarpment, Oak Ridges Moraine, etc.), and the quality and coverage of historical 

observational records across a geographic area. Upon completion of climate data analysis, it is a common approach 

to compare future trends alongside changes with those already observed, and to “weave together” or interpret how 

climate impacts projected in the future may manifest based on historical knowledge.  

https://climatedata.ca/
http://lamps.math.yorku.ca/OntarioClimate/
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Characterizing Historical Climate Impacts 

using Anecdotal Evidence in York Region 
 

An important component of developing climate 

scenarios for use in risk assessment involves compiling 

and characterizing historical climate impacts.  

 

In 2016, York Region undertook a comprehensive 

literature review and a series of stakeholder interviews 

to produce anecdotal evidence of locally relevant 

historical impacts. The review involved identifying 

climate impacts in reports, media articles and based on 

stakeholder experience from 1985 to 2015, and identified 

the year and season an event occurred, the location and 

impact details. Events included extreme rainfall, 

heatwaves, tornados, hail events, ice storms, shoulder 

season extreme weather variability, among others. 

 

York Region’s climate trends report, which includes a 

summary of all anecdotal evidence collected in Appendix 

A, can be found online here. 

https://climateconnections.ca/app/uploads/2015/02/Historical-and-Future-Climate-Trends-in-York-Region_Report-1.pdf
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C) Prepare and Obtain Future Climate Projections  

Following the completion of Steps 3A and 3B, it is now time to obtain future climate projections. Activity #8 in Appendix 

1 provides a process to document climate impacts and hazards of concern for your municipality and identify and 

confirm specific details prior to downloading climate information. Do not forget that anecdotal evidence (e.g., staff 

experience, news articles) relating to historical impacts and damages can be a valuable resource. 

 

Appendix 1 will also assist you to document the climate forcing scenario of interest. The authors recommend the use 

of business-as-usual scenario (currently called RCP8.5) in your risk assessment (Step 4) to take a precautionary 

approach at estimating climate risk. If your municipality is interested in going ‘above and beyond’ or wants to compare 

different future levels of risk, use an additional scenario (e.g., moderate emissions, such as RCP4.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

In regard to selecting a future time horizon, it is critical to understand that uncertainty increases the further projections 

are being used into the future. Thus, extreme rainfall projections for the end of century are less certain than those for 

the next two decades. Regardless, it is recommended that climate data be obtained for all future time horizons (short 

Did You Know?  

The image on the left illustrates a snapshot of radar-derived total 

accumulated precipitation over the Greater Toronto Area on July 8, 2013 

(yellow denotes the highest total accumulation). Climate models cannot 

predict with certainty whether an extreme “surgical” rainfall event like 

this will happen, where and on what date. That is not their purpose. 

Instead, what climate models and associated scenarios can provide is an 

understanding of how extreme rainfall events may change over time, and 

what impacts might a municipality need to prepare for. 
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term, mid-century, end of century – generally the 2030s, 2050s, and 2080s) to provide a foundation across all 

municipal departments.  

 

Optionally, if you will only be requiring climate scenarios and projections for infrastructure-related projects, identify 

what asset(s) are in scope based on Step 2 (described above) and obtain climate data for the future time horizon that 

aligns with the asset’s design life (e.g., for stormwater infrastructure use end of century, for roads use mid-century). 

The graph below provides an example of this process using average design life for a subset of assets. 

 

 
 

Consider the Average Design Life of an Asset when Obtaining Climate Projections to Inform its Planning & Design 
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https://www.ucsusa.org/sites/default/files/attach/gw-smart-infrastructure-table-life-expectancy.pdf
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As an example, if a municipality was interested in updating paved road design in light of future climate change, it may 

be prudent to use the short-term time horizon (i.e., the next 30 years) given the higher degree of confidence in climate 

projections and the regular and routine ability to monitor and maintain roadways. However, the ultimate selection of 

what “future” a municipality is planning for and designing to is at their discretion. A prudent approach would suggest 

looking beyond the short-term for assets that have a design life exceeding 20 years. 

 

Using the decisions and information documented above, 

navigate to the climate data portal recommended to you in 

Step 3A. Depending on the climate data portal used and their 

future development, the time horizons, scenarios and 

parameters may shift. Thus, it is recommended that users 

follow the prompts and logic of the respective portal they 

select. If you are following a more accelerated pathway, all 

quantitative climate scenario data is available, open source, 

online for download. If you require a more locally customized 

approach, it is recommended you review your list of 

stakeholders once more from Step 1 and consider engaging an 

academic, non-profit or private sector organization in support 

of tailoring and producing localized climate projections to 

inform your needs. To support in this process, Activity #9 in 

Appendix 1 provides key content to consider included in a 

“Request for Proposal” or scope of work should your 

municipality need to procure tailored climate data or include 

this piece of information as part of an infrastructure project.   

 

 

 

Did You Know? The data source used 

to obtain climate projections matters. 

The extent to which lake influences are 

captured varies based on the 

approaches used by modelers. A 

recent study by Great Lakes 

Integrated Sciences + Assessments 

(GLISA)  identified that only 18 of the 55 

GCMs capture  the Great Lakes as 

“dynamic” in nature. When in doubt, 

reach out to a data portal’s creator and 

ask clarifying questions about what is 

captured well. 

http://glisa.umich.edu/projects/great-lakes-ensemble
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Taking Regional, Future-Looking Approach 

at Developing Stormwater Management 

Standards in Windsor-Essex Region 
 

In 2018, Essex Region Conservation Authority 

collaboratively developed stormwater management 

standards to increase consistency among local 

municipalities and to prescribe a minimum level of 

service for stormwater design.  

 

The SWM standards describe acceptable level of risk 

in relation to the consequences of failure, and defines 

that the minimum level of service as the 100-year 

design storm.  

 

To account for climate change adaptation, the manual 

suggests that infrastructure should also be evaluated 

based on a “stress test” defined as 150mm of rainfall 

(or a 39% increase compared to Windsor Airport’s 

100-year, 24-hour rainfall amount). 

 

The SWM standards manual is available online here. 

https://essexregionconservation.ca/wp-content/uploads/2018/12/WE-Region-SWM-Standards-Manual.pdf
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D) Climate Scenario Analysis and Reporting 

Analyze the climate projections obtained to produce scenarios, and tailor these to the level of detail required for your 

risk assessment (e.g., qualitative interpretation, or a format such as a timeseries to run a quantitative model). Recall 

the results of Step 3A where you identified what specific municipal application is important for your process, and tailor 

data towards that output. Typically for risk assessment, this is quantitative in a timeseries format, or in future average 

conditions to inform semi-quantitative risk estimation (see Step 4 for more details). 

 

Activity #10 in Appendix 1 provides a template to consider displaying and summarizing the scenarios and analysis 

undertaken. As part of this effort, it may be important to engage GIS staff and any municipal staff who may be 

experienced in statistical data analyses, identifying significant trends and mapping products. The following are 

typically completed alongside a quantitative timeseries scenario that characterizes historical and future conditions for 

relevant climate parameters:  

• GIS maps displaying spatial trends in future average, maximum, minimum air temperatures and total 

precipitation; 

• A comprehensive summary table documenting historical and future results for each climate parameter, including 

the range in uncertainty and sources of information;  

• Direction trends of each climate parameter (increasing, decreasing, unchanging). Alternatively, if you are able 

to find a statistical expert, identifying statistical significance is also a possibility (e.g., statistically significant 

increase); and 

• Qualitative descriptions that “weave together” the change in local climate conditions into a narrative. 

 

This particular step can be highly detailed or more accelerated depending on a municipality’s interest but should 

involve convening advisory committee members and relevant stakeholders to discuss and confirm the climate data 

analysis results. This can be done in a workshop setting or through a series of meetings to familiarize stakeholders 

with the preparation completed to date, to brainstorm and envision how the climate scenarios can be integrated with 

local specific weather events (e.g., influences by topographical features, etc.) and to identify what impacts could occur 

as a result of each scenario.  
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Developing Local Climate Trends across the 

Region of Durham 
 

In 2018-2019, Durham Region updated their climate 

trends study to reflect the latest best practices from the 

international modeling community, and to capture the 

influences of local features such as Lake Ontario. 

 

The Region and its stakeholders took an ensemble of 

dynamically downscaled regional climate models to 

produce future scenarios for over 50 climate 

parameters using the business-as-usual, RCP8.5, 

scenario. The more moderate scenario, RCP4.5, was 

also analyzed as a secondary output for reference. In 

the RPWCO Roadmap, this is reflective of a detailed 

pathway. 

 

The Region decided to analyze data across all future 

time horizons, rather than only  one (e.g., 2050s) to 

establish a foundation of scenarios for use across a 

wide range of municipal applications. 

 

The latest climate trends report is available online here. 

https://www.durham.ca/en/living-here/climate-change-and-extreme-weather.aspx
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E) Disseminate Climate Scenarios among Municipal Staff 

Historically, decision makers have found it challenging to apply climate scenarios to inform adaptation-related 

decisions. To overcome this, it suggested that you document any key lessons learned as part of the scenario 

development and discussions from above. Summarize the updated climate scenarios into a table and concise 

narrative, identifying average changes, trends, the range of uncertainty and confidence levels to bring forward (see 

Activity #10 in Appendix 1 for help with this). Then, identify staff leads who are interested and/or responsible to learn 

and consider ways the climate scenarios can apply to their work. Recall that climate scenarios can have both a 

qualitative component and a quantitative component and multiple departments can interpret and apply scenarios in 

different ways.  

 

Prior to engaging across departments, consider identifying what type of climate information a municipal department 

or staff may require. For instance, bringing forward the most scoped, quantitative future heat-related scenario (e.g., 

heatwaves could impact seasonal and recreational programming leading to loss of revenue) for finance staff to begin 

quantifying and exploring further could be critical to help build their understanding in potential applications. This 

narrowing of the potential use of climate scenarios to specific municipal staff needs can provide tremendous value 

rather than bringing numerous statistics and parameters where staff are unsure what and how data may prove relevant 

to their day-to-day activities.  

 

Finally, disseminate the information and train broader municipal staff on what the climate scenarios are, and how they 

may be used. As stated earlier, the practical uses of climate information for municipalities and their stakeholders can 

be diverse. These types of initiatives frequently involve collaboration between those requiring the climate data and 

those developing and producing climate models. Depending on the application being pursued, this may require 

subsequent analysis, interpretation or modeling to incorporate the climate scenarios and an adaptation  mindset. The 

focus of this guide is to provide further details related to risk mapping and priority setting, particularly related to how 

this information can be applied for infrastructure (Step 4). 



37 
 

  

Evaluating Infrastructure Integrity under Current 

and Future Water Levels in the City of Windsor 
 

In 2019, the City of Windsor completed a detailed flood risk 

assessment along Riverside Drive East and further inland. This 

area has historically been protected by a dike system that was 

constructed in the 1980s. The assessment was completed to 

evaluate the integrity of the existing dike system and 

surrounding assets to determine whether the original design 

criteria apply to current and future flood levels. 

 

Climate modeling projections were used to estimate 

instantaneous water levels historically (1:100year), in 2030 

and 2050. The impacts of higher water levels were 

characterized on assets and properties at risk. The study 

identified that some key infrastructure is particularly at risk, 

including the Little River Pollution Control Plant, two vital 

pumping stations and Lakeview Marina. 

 

Adaptation actions, and financial losses if no actions occur, 

were also determined. Results from this assessment are being 

incorporated into the City’s Sewer Master Plan. The East 

Riverside flood risk assessment report can be found online 

here. 

https://www.citywindsor.ca/residents/Construction/Environmental-Assessments-Master-Plans/Documents/East%20Riverside%20Flood%20Assessment%20and%20appendicies%20final%20Report%203Sep2019.pdf
https://www.citywindsor.ca/residents/Construction/Environmental-Assessments-Master-Plans/Documents/East%20Riverside%20Flood%20Assessment%20and%20appendicies%20final%20Report%203Sep2019.pdf
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4. Assess and Prioritize 
 

 

 

 

A risk assessment is an essential process in building business cases for informed decision-making within climate 

change adaptation. A risk assessment provides the necessary input to prioritize between different planning scenarios, 

plans or design, and to identify economic optimal levels of service and/or protection. 

 

Recommendations At-A-Glance 

• Based on the results from Step 2, assemble a GIS-library of all critical infrastructure (hospitals, utilities, 

emergency response buildings, etc.), institutions and industrial areas, and private homes. Also include 
primary roads, rails, bus routes and other public transportation routes. 

• Pair all assets with a damage function in relation to the specific hazard. Damage functions for flooding 
are typically more readily available than for other hazards, so for other hazards than flooding, 
consequences may be evaluated in a Multi-Criteria Analysis (described in this section below) on a linear 
scale from 0 (no consequence) to 20 (extreme economic consequence). Critical infrastructure should 
rank highest. 

• Assess the risk today, and for at least two other future points in time (e.g., such as 2050 and 2080) 
depending on your outcome of step 3. For each point in time, evaluate damages from at least three 
different return periods and interpolate results to obtain the risk. 

• After assessing the risk, validate GIS-data, consequences, and results with local stakeholders and 
collaborators to ensure theoretical results match historic events.  

• Identify the top 10 areas most at risk in the Multi-Criteria Analysis across all hazards and start 
identifying adaptation and/or mitigation projects. 

• If more solutions are considered for the same area, use a cost-benefit analysis to prioritize between 
projects. 
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A risk assessment can help: 

• Build a business case for climate adaptation in relation to baselines– action compared to a do-nothing scenario; 

• Prioritize between adaptation options, plans and/or designs for a specific area or asset; 

• Define optimum level of service for climate adaptation; and 

• Prioritize a course of action. 

 

Risk is defined as the likelihood of future climate hazards and the potential impacts of these hazards on societies. 

Climate risk may be expressed in expected, annual damages (EAD) as dollars/year or in simpler cases as a level of 

risk ranked, e.g. from low to high risk. It is defined by the annual probability of a hazard multiplied by the consequences 

of a hazard. The consequences of a hazard can be further broken down to the exposure, vulnerability and adaptive 

capacity of the affected people and/or systems. 
 

 

 

Note that a risk assessment typically only considers one type of hazard. The consequences from wildfire will be 

different to the consequences of storm surge, for example. Likewise, the adaptation measures to consider in order to 

minimize consequences will also be very different, thus, risk should be evaluated separately for each hazard. 
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A risk assessment can be divided into five steps from background research and data gathering (A), to consequence 

assessments (B) and validation (C), and finally risk estimation (D), and prioritizing strategies (E). Each step is described 

in further detail in the following sections. 

 

A) Background research and data gathering 

The first step of a risk assessment is background research and data gathering. Spatial overlay of datasets and 

analyses at multiple levels is key to prioritize areas, identify potential synergies and cumulative effects. Hence, GIS-

data are the essential basis for a risk assessment (recall Step 2). 

A hazard must be defined spatially and by an occurrence probability (p). The occurrence probability is the statistical 

likelihood of occurrence of a hazard of a given size or larger in any one year, usually expressed as a percentage (e.g., 

1 %). The occurrence probability is the inverse of the occurrence interval, T. For instance, there is 1 % probability that 

a 100-year event will occur in any given year. Depending on the type of hazard, current situation data may stem from 

hydraulic modelling (pluvial and fluvial flooding), measurements (groundwater flooding), and/or historic mapping 

(wildfires and extreme heat). Future scenarios are often based on current data coupled with predictions for future 

climate changes based on the IPCC’s representative concentration pathways (RCPs). This concept was previously 

described in much more detail (see Step 3 above). 

A) Background 
research and 

data gathering

B) Assessment of 
hazard and 

consequences

C) Refinement 
and validation

D) Estimating 
climate risk

E) Designing a 
climate change 

adaptation 
strategy
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As discussed in Step 2, it’s also essential to consider assets affected and gather GIS data on these. Building footprint 

or point locations are needed at a minimum. For a more advanced risk assessment other data to include may be: 

• Areas or buildings of critical infrastructure such as hospitals, substations, and sanitation facilities, process 

industry plants; 

• Federal, provincial and municipal institutions such as universities, day care, and primary and secondary schools; 

• Primary, secondary, and potentially tertiary roads; 

• Underground infrastructure such as power supply, district heating, sewers, water supply etc.; 

• Transportation networks like train, bus and subway stations and routes; and 

• Any areas of cultural significance such as museums, protected nature areas and reservations. 

 

B) Assessment of Hazards and Consequences 

Once data have been gathered it must be evaluated. Depending on the quality of hazard data various information such 

as inundation depths and detention times, temperature extremes, length of heatwaves, etc., may be available and 

influence the consequences when a specific hazard occurs.  

 

First, the spatial hazard data is evaluated. As stated, the hazard data may be correlated to a probability or in the simpler 

cases, a scale from very low likelihood to high likelihood of occurrence. This scale can be converted into a numeric 

scale from 1-5 (for example), where 5 indicates a high likelihood of occurrence, and 1 indicates a very low likelihood. 

Note, that the scale should never go from 0, as there will always be a likelihood of a hazard occurring, albeit small. The 

image below is an example where inundation depths from flooding data have been scaled from next to no probability 

of flooding (1) to high probability (10). An assessment such as this can be based rather simply on a model of land 

topography and localized depressions. 
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Literature studies into asset vulnerability are also 

essential in order to know how assets are affected 

by hazards, and it’s important to note that assets 

aren’t affected in the same manner for all hazards. 

Smaller wildfires may cause structural damages 

while major wildfires with high flames cause building 

losses. Likewise, storm surge flooding may cause 

losses that are different from pluvial flooding due to 

differing water quality concentrations and longer 

detention time; and extreme heat over longer periods 

of time will cause different economic damages than 

shorter lasting heatwaves. Therefore, when studying 

the economic effects of climate change hazards, it’s 

important to be mindful of the hazard type. Various 

studies of flood damages are available online assessing damages in monetary terms (e.g., HAZUS, this report on global 

flood depth-damage functions, from sources such as the Municipal Property Assessment Corporation, MPAC in 

Ontario and Alberta’s Provincial flood damage assessment, which has since been adapted to Ontario by the Toronto 

and Region Conservation Authority), while damages from wildfires and extreme heat are scarcer.  

 

As with hazard data, asset vulnerabilities may also be scaled in a simpler analysis, instead of evaluated in monetary 

terms. This can be done in a Multi-Criteria Analysis (MCA), where assets are ranked on a numeric scale depending on 

their economic and socio-economic impact. MCA is a decision-making analysis that evaluates multiple (potentially 

conflicting) criteria as part of the decision-making process. Thus, when estimating asset vulnerability, think about the 

impacts it would have if an asset was struck by the specific hazard. How many people will be affected? What will it 

cost to repair? And how long will it take for the asset to be functioning again? Is it a critical asset to the community? 

Does it provoke cascading effects? These are some of the considerations that influence your ranking. 

 

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcs143_009786&ext=pdf
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://www.mpac.ca/en/Homepage
https://open.alberta.ca/dataset/807b9710-0867-453e-8fa7-50c239bcd7d0/resource/f2d0a88c-b04b-4a39-af76-0aa8cd1e880b/download/pfdas-alberta-main.pdf


43 
 

To guide the process, you can select two criteria (e.g. Damage caused by 

pluvial flooding vs. Criticality to community), identify the minimum impacts 

(respectively, no damage vs. no critical function) and maximum impacts 

(completely destroyed vs. major critical function) and create a coordinate 

system based on these criteria (refer to the image on the right). Note, that 

the axes do not have to have the same numerical scale – the scale may 

depend on and/or be restricted by your input data. Also, you may choose 

to evaluate social factors such as “community criticality” higher than 

structural damages. Plot your assets in the graph and multiply the two axes 

values to obtain the vulnerability factor for each asset. 

 

The image below is an example where selected assets are scaled from 0 

to 10 - a flooded hospital yields a 10, while a flooded green area in a park 

yields 0, as it has no economic impact if floodwater is detained temporarily 

in the park. Private homes (3), industrial areas (7), businesses (5) and other 

assets are also included, and all assets vulnerability factors within a cell are summed for a combined vulnerability value 

of the particular cell (see Activity #11). This analysis was similarly completed for a flooding scenario in the City of 

Windsor, and is contained in Appendix 2. 

 

Adaptive capacity of the assets or area in question may also be evaluated. The adaptive capacity is the ability of a 

system to adjust to potential damages, to take advantage of opportunities, or to cope with the consequences. Adaptive 

capacity may depend on factors such as wealth, state of preparedness for specific hazards, education, literacy, access 

to internet, access to electricity, among other factors. For example, if literacy is high, then consequences may be 10% 

lower than if literacy is low. 
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If the municipality is used to flooding and emergency 

preparedness for flooding is high, then the 

consequences may be 20% lower. Depending on the 

factors considered, adaptive capacity may be 

evaluated in many different ways, but subtracting a 

percentage from the vulnerability factors is generally 

a fair approach. 

 

While asset vulnerability is essential, adaptive capacity 

may be omitted. Generally, for smaller project areas, 

such as a stormwater catchment in a municipality, 

adaptive capacity will be the same for the whole area, 

and hence, subtracting e.g. 20 % from the whole area, 

just shifts the scale if vulnerability is evaluated on a 

numeric scale (if vulnerability is evaluated in monetary terms, then adaptive capacity of course does play a role in the 

final risk output, and adaptive capacity may be included if data are available). 

 

C) Refinement and validation 

After the initial desktop studies into hazard data and asset vulnerabilities, data must be validated. A workshop with 

local stakeholders and collaborators is encouraged. Combining desktop studies with local knowledge is one the best 

methods of not only validating the preliminary studies, but also getting the stakeholders/community involved and 

installing a sense of co-creation and shared responsibility. In Step 1, you were asked to categorize stakeholders, and 

identify optimal methods and timing for engagement. Leverage those efforts now in identifying key participants to 

invite as part of the refinement and validation process. 
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Climate Change Adaptive Capacity 

Assessment across the Lake Simcoe 

Watersheds 

 
The objective of this study was to develop an approach 

for assessing vulnerability to climate change and apply 

that approach towards assessing adaptive capacity at 

the sub-watershed scale focusing on water and 

agricultural lands in the Lake Simcoe Region.  

 

The determinants of adaptive capacity are identified for 

the specific themes, including a suite of indicators of 

adaptive capacity, such as management plans, 

monitoring, the ability to intervene to reduce climate 

impacts, etc. Each indicator is evaluated, scored and 

used to inform the ability to protect and enhance 

watershed quality. This study found that the capacity to 

adapt to climate change at any scale is a function of 

many different measures and system characteristics.   

 

The assessment report can be found online here.  

 

 

http://climateontario.ca/doc/workshop/LakeSimcoe/Climate_Change_Adaptive_Capacity-Lake_Simcoe-Final_Report-MIRARCO.pdf
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D) Estimating Climate Risk 

When hazard data and assets have been evaluated 

separately, the next step is to overlay datasets of 

probabilities and consequences. Depending on the level 

of analysis and quality of data, there may be several 

approaches. In general, the consequences of a hazard 

should be multiplied with the probability of a hazard - or 

in case hazard occurrence is expressed in scaled 

values: multiplied with the scaled value of hazard 

occurrence. Using the examples from step B) on hazard 

probability and asset vulnerability the example on the 

right shows estimated flood risk. The probability of a 

cell is multiplied with the vulnerability of the same cell 

and yields risk. 

 

In a more advanced risk assessment, the risk expressed in expected annual damage costs of a cell (or asset) may be 

correlated to a depth-damage function of a specific asset type (refer to the further reading resources). 

 

Risk assessments can be conducted for both current scenarios and future scenarios. Due to climate change and more 

extreme weather, climate risk will increase in the future under “do-nothing” scenarios. A 100-year flood event today, 

may be a 50-year flood event in 2080. The four components of Step 3 (A-D) are summarized in the table below, and 

have been divided into an accelerated pathway and a more detailed pathway. The detailed pathway requires modelling, 

more data and more processing time, but also minimizes uncertainties and can yield a better basis for planning. 
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Step  

3 

Accelerated pathway Detailed pathway 

A 

• Spatial hazard data linked to occurrence 
probabilities showing areas exposed to a 
hazard in current and future scenarios 

• Spatial building layer, preferably with 
distinctions between private homes, 
businesses, and industrial buildings. As a 
minimum: a point layer indicating the 
locations of buildings/assets 

• Spatial hazard data with detailed modelling information 
e.g. inundation depths, duration, temperature maxima, 
groundwater levels, etc. 

• Spatial street data showing primary and secondary roads, 
urbanization (population density), location of critical 
infrastructure 

• Spatial data showing critical infrastructure, institutions, 
transportation networks, and areas of cultural significance 

B 

• A hazard consequence scale related to the 
type of hazard and probability 

• All asset data collected in A ranked in an 
MCA on a scale from 0 to a numerical 
maximum for economic criticality 

• All asset data from A evaluated in monetary terms in case 
of damage and/or loss 

C 

• Validation of data collected in A and B 

• A finite list of assets and damages/losses to 
include in the risk assessment 

• Assets ranked based on economic criticality 
in an MCA 

• Validation of data collected in A and B 

• A finite list of assets and damages/losses to include in the 
risk assessment 

• Asset damage and loss costs evaluated in monetary 
terms based on their economic importance 

D 

• A grid covering the project area showing the 
impact of a specific hazard on a cell by cell 
basis  

• A grid covering the project area showing the risk of a 
specific hazard on a cell by cell basis 

• If more than one probability occurrence for a given hazard 
is available, then the annual risk may be calculated by 
interpolating between the results (Olsen et al. 2015) 

• If all asset vulnerabilities are expressed in monetary 
terms, an analysis of costs and benefits can show where 
avoided risks may be maximized 

 

Activity #12 shows an example of indicators for assessing hazard and vulnerability in an accelerated risk assessment. 
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Flood Risk Assessment and Ranking across the 

Toronto Region 
 

In 2018, the Toronto and Region Conservation Authority (TRCA) 

completed a detailed flood risk assessment to rank flood 

vulnerable clusters (neighbourhoods) across their watersheds, 

by capturing structure-level and neighbourhood-level attributes 

and risk exposure, and estimating the costs of flood damage 

inflicted by a range of potential flood magnitudes.  

 

The 2, 5, 10, 25, 50, 100, and regional storm were used to model 

riverine flood hazard. In total, 41 flood vulnerable clusters, 

which were previously identified across the TRCA watersheds, 

were ranked. Total direct flood damages were estimated for 

residential, commercial / industrial / institutional, as well as 

business interruption and residential displacement. Across all 

flood vulnerable areas, $47.9M of average annual damages 

were estimated along with more than 43,000 residents and 

over 40,000 employees being impacted across the jurisdiction 

in the event of a Regulatory storm event.  

 

A risk ranking exercise included scoring tangible building 

associated impacts, community impacts, social vulnerability, 

infrastructure such as roads and transit, and other preparedness 

factors. The Rockcliffe area in Toronto was ranked highest, and 

TRCA continues to work on risk reduction efforts in high-ranking 

clusters.  The full risk assessment report can be found online 

here.  

https://s3-ca-central-1.amazonaws.com/trcaca/app/uploads/2020/05/28155816/TRCA-FloodRiskAssessment_forweb-updated5-28-20.pdf
https://s3-ca-central-1.amazonaws.com/trcaca/app/uploads/2020/05/28155816/TRCA-FloodRiskAssessment_forweb-updated5-28-20.pdf
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E) Designing a Climate Change Adaptation Strategy 

Designing an overall climate change adaptation strategy includes identifying current and future hazards, defining a 

level of service, prioritizing areas, and an overall methodology for financing and synergies to consider. While this 

methodology may set some guidelines for adaptation projects (e.g. grey vs. blue vs. green infrastructure), a strategy 

typically does not involve detailed planning and designs of specific projects. These follow once an adaptation strategy 

for the whole municipality has been agreed upon. 

 

It is important to recognise that there is no “one size fits all” 

formula for designing adaptation strategies as municipalities 

vary greatly in size, geography, land use, population densities, 

etc. First, it may be prudent to prioritize between hazards if 

more than one hazard is imminent. This may be done simply 

based on historic data. If a city often experiences heatwaves 

with severe death tolls, but rarely experience extreme rainfall 

events, then heatwaves must be prioritized. If several risk 

assessments have been made, then hazards may be 

prioritized from highest to lowest overall risks 

 

If future risk scenarios are available, then these may also guide the overall strategy, as hazard prioritization may need 

to be adjusted over time. For instance, flooding risks due to extreme rainfall may present a higher risk today, while 

storm surges, when factoring in future winds and rainfall, may dominate in future scenarios (see Activity #13). Such a 

scenario might warrant a pathway where a city would invest in protection against rainfall for the first two decades and 

then focus on storm surge protection in the more distant future. In such cases, flexible or adaptive management 

approaches, which involve putting into practice incremental adaptation options rather than undertaking large-scale 

adaptation all at once, could prove advantageous. Adaptive management further implies measures are adopted in a 

sequential manner following an iterative evaluation of risks, costs, feasibility, etc. as knowledge, experience and 

technology evolve. 

As a general rule, proactive adaptation is 

generally more effective and less costly 

than reactive adaptation. According to 

the U.S. National Institute of Building 

Sciences, every $1 invested in resilience 

and pre-disaster adaptation strategies 

saves $6 in post-disaster recovery. 
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The results from the hazards ranking may, however, also may be used as guidelines without linearly dictating the 

adaptation strategy. For instance, stakeholders may agree that some assets are too essential for the functioning of 

society to allow any sort of damage or losses, and hence, specific adaptation projects may be prioritized above all 

other. 

 

Second, the level of service must be defined (see Step 2 for more detail on level of service). This term can be 

challenging to scope, and in fact can be a very detailed, consensus-driven approach that could require asset-by-asset 

considerations. Compounding this challenge is that across Ontario, some municipalities have not yet defined a 

consistent historical level of service to date. Therefore, this roadmap identifies the connections, at a high level, to the 

concept of level of service across its components and supports users by identifying the key questions to ask when 

beginning to re-define a resilient level of service. Some useful questions to guide prioritization and initiation 

conversations on level of service within resilience include: 

• How will you define your acceptable level of risk? Will it be local and asset specific or catchment/citywide? How 

often do we accept an impacted home, an impacted school, or hospital? 

• Which actions will allow us to meet the adaptation goals, objectives and targets? Where can we implement 

adaptation measures? Can we plant trees to minimize heatwaves? Can we detain floodwater in football fields? 

Can we expropriate homes close to rivers and shorelines? 

• Is the action robust under a range of climate change scenarios? 

• Can the action be implemented, and in what time frame? 

While some aspects towards defining the level of service can be guided by data (e.g. what’s the minimum flame length 

for wildfire damages to occur or will the adaptation measures statistically minimize risk) many of the aspects to 

consider are highly political and must be discussed among local stakeholders. 
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Third, an adaptation strategy can identify areas and potentially prioritize areas from most at risk to least at risk from a 

specific climate hazard. The pursuant ranking may then be used directly to prioritize one’s climate change strategy, 

starting with the top 5 to 10 areas most at risk and then working one’s way through the project area. In case some 

areas are geospatially closely related, these may be bundled in order to maximize the avoided risk with lower 

investment costs. 

 

Other considerations for prioritization may include readiness level, whereby, for example, actions that can be 

implemented in the current adaptation process would be prioritized above those that may require additional 

information, knowledge and/or resources before being implemented. Actions or areas which may be viable at some 

point in the future, but that are deemed unsuitable (on the basis of different, locally determined assessment criteria) 

at the present time, would be lowest priority in this scheme. The table below lists some potential tools for strategy 

development. Typically, a strategy should rely on a combination of several tools. 

 

Tools Description 

Expert Judgement Assessment by experts in the field of probabilities and risks 

Focus Groups Groups of stakeholders that discuss their opinions on specific topics 

Multi-Criteria Analysis Examination of more than one and some non-monetary criteria involving subjective judgement 

Decision/Probability Trees Charts of relationships between decision modes 

Influence Diagrams / 

Mapping Tools 
Graphic identification of options 
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It is recommended to discuss priorities with local stakeholders and organizations in order to discuss results from risk 

assessments, rank which hazards to prioritize (preferably based on scientific data on what the region is most at risk 

of) and collaboratively prioritize a climate adaptation strategy. During this collaborative process it is also prudent to 

identify synergies between climate adaptation plans and other infrastructure plans in the region. Climate adaptation 

measures may be built into already planned projects to improve integrated planning. By applying integrated planning 

to climate adaptation, budgets may be combined across agencies and stakeholders to increase available funds and 

provide buy-in for agencies and stakeholders. Integrated planning may also foster increased cooperation and capacity 

building across the city and promote movement from traditional step-by-step, silo planning to more inclusive and 

interdisciplinary approaches across all agencies involved. 

 

This also overlaps with the fourth theme of a climate adaptation strategy: financing. As with other municipal 

infrastructure projects, an overall plan for financing should also be considered. In particular, it is prudent to identify 

any general guidelines for funding from country, province, and municipality, as well as consider any requirements for 

cross-agency synergies. 
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Priority Setting in Copenhagen 
 

Copenhagen has demonstrated several levels and iterations in 

relation to prioritization. A high-level cost benefit analysis 

(CBA) was conducted to understand the potential impact from 

different climate hazards to the City over time. The CBA 

illustrated that the immediate risk is related to Cloudbursts 

(extreme rainfall) but will be related to storm surge in the 

future. The City firstly developed city-wide catchment-specific 

cloudburst masterplans to handle a 100-year rainfall in the 

future. Following this work, the City turned its attention to 

storm surge, and lastly the City will focus on urban heat.  

 

A vulnerability inventory was developed as part of the CBAs 

conducted by the City. The inventory prioritized socio-

economic factors in addition to the infrastructure and asset 

damage parameters.  

 

The Cloudburst Masterplan details a total of 300 projects to 

be implemented as part of the hydraulically connected 

solutions across the City. The implementation pathway of 

these projects is developed based on a prioritization of 

components, including but not limited to severity of flood risk, 

other planned capital projects, and location in the hydraulic 

system. 

https://urbandevelopmentcph.kk.dk/node/1563
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5. Securing Municipal Support 

 

A) Identify Municipal Mechanisms to Mainstream the Implementation of Priorities 

There are many ways through which municipalities can influence adaptation and foster resiliency. Incorporating 

climate adaptation priorities identified from Step 4 into municipal mechanisms is considered a best practice to 

increase project and program delivery and support.   

 

Once municipalities understand and document how the climate is expected to change and identify potential impacts 

on infrastructure systems, they can establish or update existing municipal mechanisms to ensure that the goals, 

objectives, plans and policies prioritize managing climate risks and adaptation actions, while ensuring that the proper 

financial and human resources are allocated towards adaptation. Refer to Activity #14 in Appendix 1 to guide you 

through this process. 

 

Recommendations At-A-Glance 

• Select a municipal mechanism you wish to target for influence or mainstreaming. 
• Communicate the risks of a “do-nothing” scenario alongside proposals for new adaptation projects.  
• Include not only minimized damages in plan scenarios, but also co-benefits from blue-green adaptation 

measures, e.g. less pollution, increased carbon sequestration etc. 
• Calculate a benefit/cost-ratio, i.e. how much money is gained per dollar spent. 
• Invest time and resources into clear, illustrative communication materials that targets decision-makers. 

Design shorter factsheets for broader communication. 
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Municipal mechanisms can communicate climate change 

vulnerability, risks, opportunities, and actions in several ways. In 

other words, tailoring the messaging to your intended audience can 

achieve different outcomes. Messaging can be used to inform a 

variety of audiences, to create behavioral change, to inspire action, 

and to build capacity (see Step 5B). 

 

Incorporating climate change into a municipal strategic planning 

document is often considered a primary step in developing realistic 

guidance for effective allocation of municipal resources. By 

incorporating climate change scenarios into strategic planning time 

horizons, municipalities can begin to delegate and budget for the 

appropriate physical, human and financial resources that will be 

required to implement climate change resilience. From there, 

complementary plans (such as climate change master plans, 

adaptation plans, asset management plans, infrastructure master 

plans, etc.) can detail goals, actions, steps and timelines required to 

achieve the overarching objectives of climate change goals set out 

in a municipal strategic plan. 

 

 

What are Municipal Mechanisms? 

Municipal mechanisms are plans, 

policies, programs and tools such 

as regulations, operations and 

maintenance procedures, and 

design standards that can be used 

to address and prepare for climate 

change (e.g., Official Plans, Asset 

Management Plans). They can help 

set priorities and investment and 

assist a municipality with resiliency 

planning and implementing 

adaptation measures. 

“The key to successful implementation of a strategic planning document is to integrate it within all 

aspects of municipal decision making. This best practice gives municipalities the basics for developing, 

analysing, communicating and presenting the needs for infrastructure, and incorporating economic, 

social and environmental issues into the long-term, strategic planning for infrastructure” (FCM 2002). 
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B) Communicating the resilient business case 

 

There are multiple purposes for developing material to help sell the outcomes of the assessment and provide support 

to next steps. First of all, good communication of assessment outcomes can help key stakeholders, council, 

communities, and other decision-makers understand that climate adaptation is not another cost, but an investment. 

Continuous political support is critical for long-term climate adaptation funding and success. The continuous support 

will depend on the level and quality of communication to council and other decision-makers, as well as strong 

documentation of the resilience business case and the climate adaptation investment (see below).   

 

Secondly, both key stakeholders 

and local citizens will have many 

questions in relation to the 

decision-making undertaken in the 

process. Good communication 

materials can aid their 

understanding by illustrating the 

documentation underpinning 

decisions. This is especially in 

relation to identification and 

ranking of hazards and 

consequences, as well as 

prioritization of actions. It is helpful 

for all to be able to understand the 

process. Lastly, clear 

communication materials are 

What are other municipalities doing to communicate results?  

The Region of Peel, Ontario, developed a series of climate 

change vulnerability assessment “summaries for decision 

makers”. The results of the vulnerability assessments showed a 

variety of impacts to various operations and service areas across 

the Region as well as the broader community. To help 

communicate these results, the Region created a series of brief 

summaries (one for agriculture, one for natural systems, and 

one for a community that presented the information according 

the systems (built, human, natural) that were at risk to climate 

change. The summaries aid in the communication of climate risks 

to both internal departments as well as more broadly to 

community stakeholders. 

https://climateconnections.ca/app/uploads/2012/03/Summary-AgSystems-VA.pdf
https://climateconnections.ca/app/uploads/2012/03/Summary-NaturalSystems-VA.pdf
https://climateconnections.ca/app/uploads/2012/03/Summary-PortCredit-VA.pdf
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helpful for other municipalities and actors venturing out on similar paths. 

 

 

  

The Cost of Climate Adaptation at the Local 

Level in Canada  
 

The cost of investing in climate adaptation in Canada is 

rising, with public infrastructure being particularly 

vulnerable to the impacts of climate change and extreme 

weather events. Municipalities often struggle with 

planning for the costs of building and maintaining climate 

resilient infrastructure systems and assets.   

 

In early 2020 the Federation of Canadian Municipalities 

(FCM) and Insurance Bureau of Canada (IBC) published a 

report estimating the cost of adapting to climate change 

across Canada. It concluded that the greatest 

investments were required for reducing the impacts of 

flood related events on buildings.  

 

The need for long-term investment in climate change 

adaptation measures at the local level is clear. An average 

annual investment between 0.2% to 0.3% of GDP, or 

$5.3 billion is needed to adapt to climate change at the 

national level, with costs being shared amongst all three 

orders of government. 

https://data.fcm.ca/documents/reports/investing-in-canadas-future-the-cost-of-climate-adaptation.pdf
https://data.fcm.ca/documents/reports/investing-in-canadas-future-the-cost-of-climate-adaptation.pdf
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A strong tool in advancing stable climate adaptation planning and implementation is also a solid business case. The 

business case will not only shed light on the balance between the costs and the benefits of adaptation, but also provide 

insights into who pays and who saves and support an informed conversation about feasible levels of service. As part 

of this process, it is critically important to strike a balance in political pressures and in ensuring continuous council 

support. Additionally, conversations related to the components of the business case (which factors should be 

included) will also broaden the entire resilience conversation. 

 

Business cases could also factor in co-

benefits, meaning the derived affects 

from using nature-based solutions, 

multi-function designs (e.g. a lowered 

soccer field acting as a retention basin 

during heavy precipitation storms, but a 

new recreational space for the majority 

of the time) or other approaches to 

developing liveable cities and places, in 

addition to pure climate adaptation. 

 

By prioritizing potential co-benefits, 

both in the planning and design, as well 

as in the business case development, 

climate adaptation solutions can be 

easier to co-fund, to ensure political and 

local support to, and are more flexible in relation to future uncertainties. Co-benefits can be identified and addressed 

both qualitatively and quantitatively (more advanced) but should ideally be developed with as many stakeholders as 

possible and as relevant. A co-benefit inventory could be developed through the combination of documented 

challenges and planned projects (in existing plans and reports) and expressed concerns and desires from citizens, 

https://icleicanada.org/wp-content/uploads/2019/06/having_the_climate_conversation.pdf
https://icleicanada.org/wp-content/uploads/2019/06/having_the_climate_conversation.pdf
https://icleicanada.org/wp-content/uploads/2019/06/having_the_climate_conversation.pdf
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council, or other stakeholders. The inventory is helpful in influencing the design process, and can also be included in 

a business case, either qualitatively or quantitively. Refer to Activity #15 in Appendix 1 for more details. 

 

A business case documenting the feasibility of adaptation or even the return of investment of adaptation can secure 

the survival and political support for resilience strategies long beyond capital budgets and political cycles. For 

adaptation to be effective it needs to be long-term, it needs to be continuously considered, and it needs to continuously 

prioritized. 

 

Many tools to support the business case are available and can be applied in various combinations or as standalone 

tools. The table below provides a snapshot overview of the different tools commonly applied in municipal settings. 

These tools may also be applied on a smaller scale with specific projects. Note that while the table may look similar to 

the previous table in Step 4, some tools are different in this context. In particular, economic analyses (a cost-benefit 

analysis and cost effectiveness analyses) can be quite detailed and will not suit the level of detail for a climate 

adaptation strategy. Hence, those tools weren’t in the previous table, but may be very useful on smaller scale projects. 

Some tools are recommended at both levels such as expert judgement. 

 

Tools Description 

Expert Judgement Assessment by experts in the field of probabilities and risks 

Cost-benefit analysis Assessment of economic efficiency, assigning a monetary value to the measure of effect 

Cost-effectiveness 
Economic analysis that compares the relative costs and outcomes (effects) of two or more 

courses of action 

Delphi Iterative, group-oriented, idea-generating strategy 

Multi-Criteria Analysis Examination of more than one and some non-monetary criteria involving subjective judgement 
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  Maximizing Co-Benefits in Climate Adaptation 
 

The Kokkedal flood protection project is a Danish example of 

how climate adaptation can be co-designed with local 

authorities, utilities and stakeholders to maximize added 

values beyond risk reduction. In addition to flooding, the 

neighborhood of Kokkedal suffered from social division, 

insecurity, and low investments. 

 

Together with housing associations, community groups, 

sports clubs, schools, and conservation organizations 

innovative solutions for reducing stormwater flooding were 

designed to also revitalise the neighborhood of Kokkedal with 

an improved ecosystem, enhanced liveability, stronger 

social cohesion and economic growth. 

 

Most notable are the stormwater solutions in the local school 

yard, which are used for recreational and educational purposes 

in addition to providing storage for flood waters during larger 

rain events. The neighborhood revitalization project was 

funded from multiple sources, conducted in close cooperation 

with local universities, and has received a prize for the 

architectural redevelopment and urban quality upgrade. 

 

https://stateofgreen.com/en/partners/schonherr/solutions/kokkedal-climate-adaptation-the-blue-green-garden-city/
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As the design of climate adaptation projects is highly dependent on 

the site and municipal mechanisms, designing and planning of 

projects happens at a much more detailed scale and is out of scope 

for this guide. The general planning process can, however, be seen 

right, and several of the tools listed above may also be implemented 

at the project scale when prioritizing between projects. Refer to 

Activity #16 in Appendix 1for an exercise on prioritizing between 

projects. 

 

Finally, it’s worth mentioning that if an area is at risk from multiple 

hazards, use of the PIEVC tool (Public Infrastructure Engineering 

Vulnerbaility Committee) may be advantageous. PIEVC assesses 

multiple hazards for a particular area or asset, and traditionally 

prioritizes between projects based on historic events.  
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Developing a Business Case in New York City 
 

The Department of Environmental Protection (DEP) in New York 

City (NYC) initiated a Cloudburst Study to understand the 

potential of handling stormwater on the service through mainly 

Blue-Green Infrastructure (BGI) in a hydraulically connected 

catchment-wide system. A Cloudburst Masterplan similar to those 

developed in Copenhagen was developed for a study area in 

Southeast Queens.  

 

The Masterplan was accompanied by a couple of cost benefit 

analyses (CBAs). The first CBA compared the construction and 

financial costs to the immediate benefits (climate risk reductions). 

The second CBA compared same costs and benefits, but included 

co-benefits associated with the BGI Masterplan, including 

recreative values, saved health costs, environmental 

improvements, etc. Both CBAs were also compared to the 

planned capital investments for grey infrastructure for the same 

area. The study concluded that business cases developed need to 

be holistic and represent socio-economic factors for decision-

makers to understand the system-interconnectedness of reducing 

climate change risks and the multitude of approaches and designs. 

 

The Executive Summary can be found online here. 

https://www1.nyc.gov/assets/dep/downloads/pdf/climate-resiliency/nyc-cloudburst-study.pdf


63 
 

6. Continuous Learning and Improvement 
 

 

Achieving resilience and sustainability within the built environment (i.e. complex adaptive systems) requires continuous 

feedback, reflection, learning and timely utilization of the most accurate and up-to-date information to inform and 

adapt strategies and practices. Continuous learning recognizes that as soon as strategies hit the ground, they are 

likely to require some adjustment and adaptation, on the basis of lessons learned, as well as any context changes. 

 

Through ‘monitoring, evaluation and learning’ (MEL), 

municipalities can effectively place continuous learning at the 

heart of their resilience initiatives. MEL engages motivated 

key decision makers, applies the most appropriate and 

credible tools and methods, and intentionally seeks to 

incorporate multi-level inclusive learning into program 

delivery.  

Recommendations At-A-Glance 

• Establish a Monitoring, Evaluation and Learning (MEL) Plan prior to commencing any action 
implementation under the project. 

• As part of your MEL Plan, identify appropriate KPIs in line with industry best practice and establish a 
baseline prior to any action implementation under the project. 

• Integral to your MEL Plan, carry-out evaluation and learning activities on multiple levels (political, staff, 
budgetary) and for multiple audiences (internal, external).  

• Establish MEL feedback loops to the project cycle in accordance with the triple-loop learning approach, 

and in line with the municipality’s planning cycle or the municipal mechanism that it will be influencing.  
• Publish quarterly MEL reports, together with simplified monthly progress reports if desired by the 

municipality/target audience. 
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MEL approaches are based on three core tenants: 

• Monitoring comprehensively: means tracking progress against project objectives, theories of change, 

implementation plans, climate indicators (due to continually shifting outside influence) and Key Performance 

Indicators (KPIs) 

• Evaluating selectively: means taking a deeper analytic look at a subset of projects, based on one’s own 

specified selection criteria (e.g. achieving desired outcomes, operating in a diverse set of contexts, etc.)  

• Learning continuously: means use of relevant and timely information to inform and adjust further planning and 

implementation actions, emphasizing inclusivity, via. multi-stakeholder co-learning and knowledge co-

production to the extent feasible 

 

Central to MEL is the identification of KPIs. Activity #17 provides 

some guidance on the selection of appropriate KPIs to enable the 

monitoring of resilient adaptation measures.  

 

MEL should be seen as an integrated and ongoing process; ideally 

carried-out on multiple levels (political, staff, budgetary), for 

multiple audiences (internal, external). Building in systematic 

opportunities to pause and reflect, and applying participatory approaches, creates an environment where candid 

conversations become the norm and the basis for informed decision-making.  

 

In MEL, lessons learned need to be swiftly and adequately captured (identified and documented) and applied 

(analyzed, stored, and utilized). The database/knowledge management system used should be fit-for-purpose and 

robust. In terms of applying lessons learned iteratively to planning and/or implementation initiatives, it is critical to have 

a clear and delineated decision-making process in place, upon which real action can be further expedited and ensured.  
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Examples of decision-making questions include:  

• Are we continuing with this?  

• Is there evidence it works?  

• Should we scale-up?  

• Are adjustments warranted?  

• Should we stop altogether because we’re not seeing intended results or may even be causing unintended harm? 

 

Regular updates of a particular adaptation process and assessment should ideally reflect a municipality’s planning 

cycle or the municipal mechanism that it 

will be influencing. As an aid to 

municipalities in determining the extent 

and entry point of iteration based on 

specific categorization of lessons 

learned, the triple-loop learning 

approach can be applied. The triple-loop 

learning3 approach places a “strategic” 

focus on a future desired state.  The 

figure to the right reflects how the triple-

loop learning approach applies within 

the context of the roadmap and MEL.  

 

The MEL plan reporting frequency and audience should be specified prior to implementation. Similarly, all indicators 

that are assessed should be specified and a baseline should be established prior to implementation. While the 

frequency of iterations and reporting is at the discretion of the municipality, a general suggested level of good practice 

would be quarterly MEL reports with smaller progress/status reports.  

 
3 Single loop learning is what to do (the rules), double loop learning is how to do (insights), and triple loop learning is why to do (principles). 
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Measuring Progress in Urban Climate Change 

Adaptation 
 

Ramboll was selected by the C40 Climate Leadership Group to 

develop a framework for monitoring, evaluation and reporting 

(MER) of adaptation actions implemented within the cities. The 

aim was to develop a tool to help cities “make the case” for 

climate change adaptation and assist/incentivize targeted 

adaptation initiatives for C40 and non-C40 cities. The project 

focused on providing a coherent, simple and applicable 

framework for measuring the “Actions, Outcomes, Impact” of the 

cities' adaptation plans. 

 

The MER framework developed under this project is largely 

synonymous to the herein proposed MEL framework, in that the 

MER approach is intended to ensure alignment, accountability 

and continuous improvement of the adaptation initiatives within 

cities. The specific objectives of MER include facilitating 

adaptation learning across cities, encouraging participation and 

engagement, enhancing transparency and accountability, making 

the case for adaptation actions and improving the decision-

making process. 

 

The project delivered a set of indicators to support the monitoring 

of actions, their outputs, outcomes and impacts. The published 

framework is available online. 
 

 

https://ramboll.com/-/media/files/rm/rapporter/c40_mer_framework_final,-d-,original.pdf?la=en
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Concluding Thoughts 
 

Adaptation processes are meant to be iterative. Infrastructure planners, designers, engineers and all other municipal 

staff in this space should expect the need to revisit their research, assessment, priorities and results on a regular basis 

to ensure they can be updated as new science and implicating choices are being made.  

 

There will never be a silver bullet solution to achieve 100% resilience. Adaptation takes time, takes resources and 

can involve difficult decisions. It is expected that throughout the process, decision makers will face uncertainty and 

potentially difficult choices. As you proceed, surround yourself with trusted colleagues and don’t be afraid to ask for 

external opinions.   

 

Understanding and interpreting adaptation best practices can be complex. There are thousands of publications 

and examples of best practices related to adaptation. Sorting out those that may be particularly relevant to you can 

be a daunting task. Before diving into research and reading, consider your scope and try to identify what asset(s) and 

hazard(s) you are particularly interested in, rather than generally investigating climate adaptation as a general concept. 

 

Set yourself up for success. The authors of this guide would encourage all municipal staff involved in adaptation to 

consider the following recommendations:  

1. Begin with the end in mind. Consider what your ideal outputs are, what resources you already have available, 

and what level of detail you require before diving deep. Your municipality’s outputs and needs may differ from 

other jurisdictions – and that is normal. 

 

2. Always enable implementation of your results. Consider what it might take to implement your adaptation-

related infrastructure priorities. Avoid unclear risks or action statements, and always identify municipal staff 

leads, supports, time to implementation and the business case to sell your results to senior decision makers.   
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Glossary of Terms 
 

Adaptive Capacity: The ability of a system to adjust to 

climate change (including climate variability and 

extremes) to moderate potential damages, to take 

advantage of opportunities, or to cope with the 

consequences. Some factors that influence adaptive 

capacity include: 

• Human: ability to intervene and implement 

solutions/fixes to reduce vulnerability. 
• Physical: existing infrastructure that could 

support reducing vulnerability to climate change. 
• Socio-Political System: the degree of 

adaptiveness of the planning and policy context 
in which the system being assessed is situated 

(e.g., to provide opportunities for changes in 
regulations or learning). 
 

Adaptation Maturity: Refers to a municipality’s 

institutional readiness and progress in adapting to 

climate change. This roadmap and its activity workbook 

draw from publicly available adaptation literature and 

the processes needed to incorporate climate change 

risk into asset management, infrastructure investments 

and maintenance, and municipal organizational 

planning. 

 

Climate: Climate is defined as an area's long-term 

weather patterns. The simplest way to describe climate 

is to look at average conditions (e.g., temperature, 

precipitation, etc.) over time. Other useful elements for 

describing climate include the type and the timing of 

precipitation, amount of sunshine, average wind speeds 

and directions, number of days above freezing, and/or 

weather extremes 

 

Climate Change: Refers to a change in the state of the 

climate that can be identified (e.g., by using statistical 

tests) by changes in the statistical properties (e.g., 

mean and/or the variability) in weather and atmospheric 

conditions that persists for an extended period, 

typically decades or longer 

 

Climate Scenario: “A climate change scenario is a 

description of a possible future climate based on 

assumptions of how the earth’s climate operates, future 

world population levels, economic activity and 

greenhouse gas emissions”. There are four main climate 

scenarios that are referenced in the IPCC reports 

called, Representative Concentration Pathways (RCPs): 

RCP 2.6, RCP 4.5, RCP 6.0, RCP 8.5. 

 

Expected Annual Damages (EAD): A way of defining 

climate risk as the expected annual costs of climate 

change. May also in more simpler cases be expressed 

as a level of risk, e.g. from low to high risk. 
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Exposure: Exposure refers to people, property, 

infrastructure and other assets located in hazard-prone 

areas and how they could be adversely affected by a 

hazard. Exposure can be disclosed in terms of number 

of people affected, assets affected, the size of an area, 

etc. 

 

Hazard: A hazard is a physical event that may cause 

loss of life, injury, damage and loss to property and 

infrastructure, harm environmental resources etc. 

Examples of a hazard may be an extreme rain event, a 

hurricane, drought, heat wave or wildfire. Hazards are 

characterized by their unpredictable nature and 

potential to shock society. 

 

Multi-criteria analysis (MCA): A decision-making 

analysis that evaluates multiple (conflicting) criteria as 

part of the decision-making process. May be utilized in 

climate risk assessments, ranking asset vulnerabilities 

in an economic perspective, e.g. how many people are 

dependent on this asset functioning? How long will it 

take to repair or rebuilt an asset? 

 

Occurrence interval (T): A statistical estimate of the 

average period of years between the occurrences of a 

hazard of a given size or larger. A 100-year event will on 

an average occur once every 100 years. Occurrence 

interval is the inverse of the occurrence probability (𝑇 =
1

𝑝
). 

 

Occurrence probability (p): The statistical likelihood of 

occurrence of a hazard of a given size or larger in any 

one year expressed as a percentage. Occurrence 

probability is the inverse of the occurrence interval (𝑝 =
1

𝑇
). 

 

Resilience: The capacity of individuals, communities, 

infrastructure and systems to anticipate and prepare, 

respond and then bounce back effectively from 

disruptions, while withstanding future conditions. 

Disruptions and future conditions are inclusive of 

impacts caused by both acute impacts and gradual 

changes (definition co-developed among RPWCO 

members in 2019). 

 

Risk: Risk is the likelihood of future climate hazards and 

the potential impacts of these hazards on societies. 

Climate risk may be expressed in expected, annual 

damages (EAD) and is defined by the annual probability 

of a hazard multiplied by the consequences of a hazard. 

 

Vulnerability: Vulnerability is the predisposition to be 

adversely affected. Vulnerability may depend on a range 

of physical, social, and economic factors such as 

building materials, land use, and economic status.  
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Resources for Further Reading 
 

STEP 1: ENGAGE AND SET-UP 

 

Barry, L. and Weigeldt, N. (2012) Having the Climate Conversation: Strategies for Local Governments. ICLEI—Local 

Governments for Sustainability (Management) Inc.  

 

STEP 2: MUNICIPAL ASSET INVENTORY 

 

Dalziel, A. (2014). Municipal Infrastructure Asset Inventories: A Guide for Municipalities. Canada – PEI Infrastructure 

Secretariat. Department of Transportation & Infrastructure Renewal. 

 

Federation of Canadian Municipalities. (2019). Guide for Integrating Climate Change Considerations into Municipal 

Asset Management.  

 

Federation of Canadian Municipalities. (2020). Learning Journey: Climate Resilience and Asset Management. 

 

Public Safety Canada. (2018). The Regional Resilience Assessment Program. Available online: 

https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx  

 

STEP 3: CLIMATE SCENARIO ANALYSIS 

 

A Scenarios Guide for Climate Change Adaptation. (2019) Great Lakes Integrated Sciences and Assessments 

(GLISA). Ann Arbor, MI. Briley, L., Dougherty, R., Hercula, T., Rood, R., Prosperi, A., Jorns, J., and K. Channell, 

eds.  

 

Charron, I. (2016). A Guidebook on Climate Scenarios: Using Climate Information to Guide Adaptation Research 

and Decisions, 2016 Edition. Ouranos, 94p. 

https://icleicanada.org/wp-content/uploads/2019/06/having_the_climate_conversation.pdf
http://www.gov.pe.ca/photos/original/tir_assetinvent.pdf
https://fcm.ca/sites/default/files/documents/programs/mcip/guide-for-integrating-climate-change-considerations-into-municipal-am.pdf
https://fcm.ca/sites/default/files/documents/programs/mcip/guide-for-integrating-climate-change-considerations-into-municipal-am.pdf
https://fcm.ca/en/resources/mcip/learning-journey-climate-resilience-and-asset-management
https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx
https://www.ouranos.ca/publication-scientifique/Guidebook-2016.pdf
https://www.ouranos.ca/publication-scientifique/Guidebook-2016.pdf
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STEP 4: ASSESS AND PRIORITIZE 

 

Adapting to Climate Change in Time (ACT) - EU Life Project. (2015). Planning for Adaptation to Climate Change: 

Guideline for Municipalities 

 

Olsen et. al: Comparing Methods of Calculating Expected Annual Damage in Urban Pluvial Flood Risk Assessments 

 

Olesen, L., Löwe, R and Arnbjerg-Nielsen, K. (2017). Flood Damage Assessment: Literature review and 

recommended procedure. Melbourne, Australia: Cooperative Research Centre for Water Sensitive Cities.  

 

European Commission. (2017). Global flood depth-damage functions: Methodology and the database with 

guidelines 

 

STEP 5: SECURING MUNICIPAL SUPPORT 

 

Clean Air Partnership. (2018). Bringing Climate Change into Official Plans Primer and Workshop Summary.  

 

Federation of Canadian Municipalities. (2018). Asset Management Readiness Scale: Municipal Asset Management 

Program. 

 

Federation of Canadian Municipalities (2018). How to Develop an Asset Management Policy, Strategy and 

Governance Framework: Set up a consistent approach to asset management in your municipality. 

 

Federation of Canadian Municipalities (2020). Integrating Climate Considerations: Community Planning.  

  

Federation of Canadian Municipalities (2020). Integrating Climate Considerations: Service Delivery Planning.  

 

https://base-adaptation.eu/sites/default/files/306-guidelinesversionefinale20.pdf
https://base-adaptation.eu/sites/default/files/306-guidelinesversionefinale20.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/115330500/1.pdf
https://watersensitivecities.org.au/content/flood-damage-assessment-literature-review-recommended-procedure/
https://watersensitivecities.org.au/content/flood-damage-assessment-literature-review-recommended-procedure/
https://watersensitivecities.org.au/content/flood-damage-assessment-literature-review-recommended-procedure/
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://cleanairpartnership.org/cac/wp-content/uploads/2019/03/Bringing-Climate-Change-into-Official-Plans_V3.pdf
https://data.fcm.ca/documents/resources/mamp/asset-management-readiness-scale-mamp.pdf
https://data.fcm.ca/documents/resources/mamp/asset-management-readiness-scale-mamp.pdf
https://fcm.ca/sites/default/files/documents/resources/guide/how-to-develop-asset-management-policy-strategy-mamp.pdf
https://fcm.ca/sites/default/files/documents/resources/guide/how-to-develop-asset-management-policy-strategy-mamp.pdf
https://fcm.ca/en/resources/mcip/integrating-climate-considerations-community-planning
https://fcm.ca/en/resources/mcip/integrating-climate-considerations-service-delivery-planning
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Federation of Canadian Municipalities (2020). Integrating Climate Considerations: Governance and Operations. 

 

Ontario Ministry of Infrastructure. (2019). Building Together – Guide for Municipal Asset Management Plans. 

 

Ontario Ministry of Municipal Affairs and Housing. Info Sheet: Planning for Climate Change.  

 

 

STEP 6: CONTINUOUS LEARNING AND IMPROVEMENT 

 

RAMSES Science for Cities in Transition. (2018). Transition Handbook & Training Package. 

 

Adapting to Climate Change in Time (ACT) - EU Life Project. (2015). Planning for Adaptation to Climate Change: 

Guideline for Municipalities 

 

C40 & Ramboll. (2019). Measuring Progress in Urban Climate Change Adaptation 

  

https://fcm.ca/en/resources/mcip/integrating-climate-considerations-governance-and-operations
https://www.ontario.ca/page/building-together-guide-municipal-asset-management-plans
http://www.mah.gov.on.ca/AssetFactory.aspx?did=7035
https://ramses-cities.eu/index.php?eID=tx_nawsecuredl&u=0&file=fileadmin/fe_file_repository/10_Workpackage_10/RAMSES-Handbook-and-Training-Package-2018-WWW-pages.pdf&t=1586987050&hash=97c4be34f038b4e090072dbdf4a6559ee84b6d1e
https://base-adaptation.eu/sites/default/files/306-guidelinesversionefinale20.pdf
https://base-adaptation.eu/sites/default/files/306-guidelinesversionefinale20.pdf
https://c40-production-images.s3.amazonaws.com/other_uploads/images/2154_20190228_MER_Framework_Final.original.pdf?1553033351
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Step 1: Engage 

and Set-Up 
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Activity #1: Municipal Guiding Principles Checklist 

 

 
Priority for 

Municipality? 
Principle Description in the Municipal Context 

 
Evidence- 
based 

Use the best available science and evidence at the 
time, including common climate projections, and 
review regularly. 

 
Leadership and 
Culture 

Build leadership and enable a culture of everyone 
taking responsibility; "mainstream" climate change 
into department business. 

 
Partnerships 
and 
Engagement  

Establish and maintain partnerships including local 
municipalities, expert practitioners, academics, 
indigenous communities, stakeholders and the public 
for collective impact across areas of health, the 
economy and environment. 

 Alignment 
Align with existing municipal initiatives that provide 
other benefits and have compatible goals and 
objectives. 

 
Adaptive and 
Flexible 

Promote flexible approaches that incorporate the 
potential for iteration and updates based on best 
available information, leaving a range for future 
options. 

 Actionable  
Implement measurable outcome-based interventions 
(with intent) with community benefit as a key purpose.  

Activity At-A-Glance 

• The purpose of this activity is to identify high level climate adaptation principles 

for your municipality across all staff and teams working on climate change. 

Ideally, these principles should align with your strategic plan or a related 

strategy. 

• The outcome of this activity can be used to inform meetings and presentations 

to senior decision makers and/or council to increase buy-in and the likelihood 

of “adoption”. 

• Read pages 9-10  before completing this activity. 
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Transparent 
Monitoring and 
Review   

Promote an ongoing process with commitment to 
review; share municipal progress with residents 

 Equitable  

Seeking solutions that equitably address the risks of 
climate change and share the costs and benefits of 
action across the city. Be mindful of, and include, the 
unique needs and conditions of people who are most 
vulnerable. 

 Comprehensive 
Identify opportunities and information that consider 
services across municipal departments 

 Practical 
Information produced is straightforward to the extent 
it can be, and is practically understood by municipal 
subject matter experts 

 Risk-Based 

Aligned with the precautionary approach of managing 
municipal and corporate risks to residents and 
assets. Recognizes climate risk as a responsibility as 
part of municipal services (e.g., as a corporate risk or 
environmental risk) 
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Activity #2: Create Your Project Team & Advisory Committee 
 

 

Ontario municipalities differ greatly in how they organize their service delivery and 

organizational structure. Depending on the scope of your adaptation efforts, who to engage 

differs. For example, if a municipality is undertaking a corporate-wide climate risk scanning 

process, it would be helpful to engage across all departments, including some that don’t 

frequently participate (e.g., human resources, finance, IT, legal staff). For the purposes of the 

RPWCO roadmap, the focus is on infrastructure and systems.  

The following are examples of municipal departments and/or divisions that should be 

reviewed prior to identifying members of your project team, and members of a broader 

advisory committee. The list below includes staff functions from both upper and lower tier 

municipalities. 

Review the table below, which provides an example of an advisory committee with typical 

staff engaged and related to infrastructure and climate change adaptation. 

Municipal Department/Division 
Advisory 

Committee? 

Asset Management  Y 

Public Works – Operations and Maintenance Y 

Public Works – Transit Y 

Public Works – Corporate Fleet Y 

Public Works – Roads and Traffic  Y 

Public Works – Drinking Water and Wastewater Services Y 

Public Works – Stormwater Services Y 

Public Works – Facilities and Buildings Y 

Public Works – Design, Engineering and Construction Y 

Public Works – Business  Planning and Strategy Y 

Planning and Regulatory Services Y 

Environmental Services – Solid Waste Operations Y 

Environmental Services – Promotion and Education  
Environmental Services – Parks, Natural Heritage and Forestry Services Y 

Environmental Services – Water Resources Y 

Recreation and Culture  

Community Health Services - Long-Term Care Services Y 

Community Health Services - Homelessness Community Programs  

Activity At-A-Glance 

• The purpose of this activity is to identify potential members of a climate change 

advisory committee and identify your ideal climate change project team. 

• The outcome of this activity can be used for planning to extend invitations and 

operationalize a terms of reference for each group. 

• Read page 10 before completing this activity. 
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Municipal Department/Division 
Advisory 

Committee? 

Community Health Services - Emergency Services (police, fire, 
paramedics, etc.) 

Y 

Legal and Court Services  
Finance Y 

Communications  
Human Resources  
Information Technology  
GIS and Records Y 

 

An ideal project team includes members with dedicated time and resources to devote to 

adaptation efforts. Avoid side-of-desk work in isolation. A project team ideally should be 

between two and five core municipal staff from different departments and divisions. Always 

identify roles and responsibilities upfront and before work is underway to ensure effective 

collaboration and use of time.  

 

To identify members of your project team, review the list above of typical municipal 

departments/divisions and answer the following questions: 

 

1. Reviewing the list above, who has interest and/or capacity to participate? Identify 

potential project team members to engage with and ask if they have the ability to 

participate. 
   

Department Position Full Name Contact Details 

    

    

    

    

    

2. Have you included, and made explicit linkages between public works and planning 

staff to foster alignment among initiatives?  
 

Circle one:                Yes                         No  

 

3. Does your adaptation team include representation from municipal operation and 

maintenance? (These staff have useful insight from dealing with on-going climate 

impacts). 

 

Circle one:                Yes                         No  
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Activity #3: Identifying Where Your Municipality is along the RPWCO Roadmap 
 

 

Undertaking a robust climate adaptation processes looks different for each municipality, and 

this is expected. Each municipality may be at a different stage along the roadmap, and some 

may be working on steps in parallel, or choose not to undertake certain steps. The following 

table can help guide you in identifying what step(s) of the guidance may be helpful for you.  

 

Complete all fields indicated below. For those with a “no” or “in process”, consider whether 

the RPWCO roadmap  guidance and activities can help you accomplish them. The 

components identified in the table are not meant to reflect corporate-wide adaptation 

maturity. If you identify many “no” responses, this does not mean your municipality is not 

progressing and advancing on adaptation in other areas. The purpose of the table below is 

to help you pinpoint where adaptation guidance could help advance your progress specific 

to infrastructure, if you feel that would help you.  

 

My Municipality has… Yes 
In 

Process 
No 

Not 

Needed 

Roadmap 

Step 

Engage and Set-Up 

Developed guiding principles specific to 
adaptation 

   
 

Step 1 

Created an internal team with staff who 
are infrastructure-focused 

   
 

Step 1 

Created an advisory committee to 
support infrastructure adaptation 
related initiatives 

   
 

Step 1 

Assessed and understands where we 
are at in the adaptation process 

   
 

Step 1 

Identified relevant stakeholders to be 
involved in the infrastructure adaptation 
process 

   
 

Step 1 

Categorized relevant stakeholders, 
including identifying how to engage 
them 

   
 

Step 1 

Activity At-A-Glance 

• The purpose of this activity is to identify and confirm your municipality’s 

progress related to climate adaptation specifically for infrastructure planning 

and design. 

• The outcome of this activity can be used to identify what steps in the RPWCO 

roadmap could be most valuable to implement, and to “sell” accomplishments 

to senior decision makers when they have been completed. 

• Read pages 10-11 before completing this activity. 
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My Municipality has… Yes 
In 

Process 
No 

Not 

Needed 

Roadmap 

Step 

Identified when the stakeholders 
should be involved in the adaptation 
process 

   
 

Step 1 

Taking Stock of Municipal Assets 

Documented what infrastructure is 
owned, managed, operated or 
maintained by municipal staff 

   
 

Step 2 

Aligned the process of identifying 
assets above with municipal service 
levels 

   
 

Step 2 

Identified whether critical infrastructure 
designations and definitions exist 
across the infrastructure portfolio 

   
 

Step 2 

Identified alignment of municipal asset 
categories with those identified in 
O.Reg. 588/17  

   
 

Step 2 

Confirmed what asset categories 
should be within scope when 
undertaking an assessment 

   
 

Step 2 

Considered the level of GIS data 
already available for assets that can be 
leveraged 

   
 

Step 2 

Documented an inventory of the 
infrastructure system, asset, data 
source(s) and whether it has been 
assessed for climate change  

   

 

Step 2 

Climate Scenario Analysis 

Reviewed what climate information 
refers to as part of the roadmap 

   
 

Step 3 

Identified whether we have an existing 
climate trends or scenarios report 

   
 

Step 3 

Identified whether we may require 
additional expertise (detailed pathway) 
or whether we can take an accelerated 
approach related to climate information 

   

 

Step 3 

Characterized existing climate impacts 
of concern 

   
 

Step 3 

Agreed upon future scenarios of 
warming (e.g., business as usual 
RCP8.5, others) 

   
 

Step 3 

Selected a climate data portal     Step 3 

Selected future time horizons of 
interest 

   
 

Step 3 
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My Municipality has… Yes 
In 

Process 
No 

Not 

Needed 

Roadmap 

Step 

Obtained historical and future climate 
data 

   
 

Step 3 

Convened in-person discussions to 
discuss climate information or scenario 
needs 

   
 

Step 3 

Developed climate change impact 
scenarios 

   
 

Step 3 

Identified staff who could use scenario 
information as part of their work 

   
 

Step 3 

Undertaken an education exercise 
related to the climate information 

   
 

Step 3 

Risk Assessment and Prioritization  

Gathered and identified appropriate 
existing asset data 

   
 

Step 4 

Gathered or developed appropriate 
spatial hazard data, GIS data or 
demographic information to undertake 
an analysis 

   

 

Step 4 

Consciously decided to integrate social 
information (e.g., vulnerable 
populations) into the risk assessment 

   
 

Step 4 

Assessed the consequences of 
multiple hazards to determine asset 
vulnerabilities 

   
 

Step 4 

Refined and validated hazard data and 
asset vulnerability via stakeholder 
engagement and workshops 

   
 

Step 4 

Integrated all risk assessment 
information as part of an “overlay” 
process to estimate probabilities, 
consequences and ultimately risk 

   

 

Step 4 

Ranked and prioritized assets (areas) 
based on assessed level of risk in 
relation to different hazard 

   
 

Step 4 

Securing Municipal Support  

Reviewed the list of municipal 
mechanisms and identified which have 
already considered climate change 

   
 

Step 5 

Documented historical success stories 
that have gained traction towards 
adaptation and/or infrastructure 
resilience 

   

 

Step 5 
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My Municipality has… Yes 
In 

Process 
No 

Not 

Needed 

Roadmap 

Step 

Documented the top 3 mechanisms 
that have been most influential in 
increasing infrastructure resilience, and 
why 

   

 

Step 5 

Developed clear communication 
materials for the purpose of conveying 
assessment results and priorities 

   

 

Step 5 

Developed a business case associated 
with priorities for investment 

   
 

Step 5 

Continuous Learning and Improvement 

Documented lessons learned regarding 
completing the roadmap process 

   
 

Step 6 

Agreed on how often infrastructure 
adaptation will need to be re-iterated 

   
 

Step 6 

Developed a process for continuous 
learning 

   
 

Step 6 

Identified an approach for monitoring 
or evaluating results to track progress. 

   
 

Step 6 

 

 

Are there any activities or initiatives that you have undertaken that are not reflected in 

the table above (e.g., updates to your official plan, etc.)?  
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Additional Activity to Assess Corporate-Wide Adaptation Maturity 

 

As a complementary resource, if you would like further guidance on where your municipality 

(as a whole)( is at along the adaptation process to support in scoping, we recommend 

completing the Federation of Canadian Municipality’s Adaptation Maturity Scale.  

  

 
 

https://fcm.ca/sites/default/files/documents/resources/tool/mcip-av-climate-adaptation-maturity-scale.pdf
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Activity #4: Categorizing Municipal Stakeholders, Methods of Engagement and their Timing of Involvement 
 

 

Part A: Categorizing Municipal Stakeholders and Preferred Methods of Engagement 

 

1. Consider the matrix and list of stakeholders in the table below, identified by RPWCO municipalities. Add any that may be 

missing. 

 

2. Assign a matrix category for each stakeholder identified in the table below. 

 

3. Document the preferred timing of engagement in the table below. Consider the following: 

• Category 1 – Close collaboration. Engage early and throughout process. 

 

• Category 2 – Formally engage stakeholder, extend participation in external workshops to integrate community interests, 

but do not necessarily need to be involved early on. 

 

• Category 3 – Recognize stakeholder, but limited involvement. Provide occasional updates. 

 

• Category 4 – Formally engage stakeholder, communicate important updates with targeted/strategic communication (e.g., 

what the assessment is, how results might fit within their mandate). 

Activity At-A-Glance 

• The purpose of this activity is to recognize the diverse number and types of partners and stakeholders your 

municipality could partner with related to climate adaptation and infrastructure, including documenting when and 

how to engage them.  

• The outcome of this activity can be used to conduct outreach, develop an engagement plan as part of your efforts, 

and confirm those most critical to involve as you proceed among senior decision makers.   

• Read pages 11-13 before completing this activity. 
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Stakeholder or Partner 
Matrix 

Category 
Preferred Method(s) of Engagement 

Example – Conservation Authority 1 
Engage in scoping, kick off workshop. Consider inviting as 
part of advisory committee or project team. 

Conservation Authority   

Lower Tier municipality  
 

Upper Tier municipality  
 

Conservation Authority  
 

Electrical Utility  
 

Gas Utility  
 

Telecommunication Company  
 

Municipal Residents / Broader Public  
 

Health Units  
 

Council and Politicians  
 

Emergency Responders  
 

Developer  
 

Insurance company  
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Stakeholder or Partner 
Matrix 

Category 
Preferred Method(s) of Engagement 

Indigenous community  
 

Provincial Government (e.g., MTO, MECP)  
 

Federal Government (e.g., DFO, ECCC)  
 

Academic Institution  
 

Consulting Company  
 

Non-Profit Organization  
 

Industry Association  
 

School Board  
 

Neighbouring Municipality or Jurisdiction  
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Part B: Timing of Stakeholder Involvement 

 

Just as the types of stakeholders differ between municipalities, so to can the timing of when to engage them as part of an 

adaptation process. The following proposes a typical timing of when to engage stakeholders based on the categories identified 

above.  

 

Review the following matrix displaying when to engage each type (category) of stakeholder (illustrated in blue). Print this table, 

cross-reference it with the table completed above and identify the specific stakeholders you hope to engage at each step along 

the process (in bullet point form). 

 

Stakeholders 
Step 1. Engage & 

Set-Up 

Step 2. Asset 

Inventory 

Step 3. Climate 

Scenario Analysis 

Step 4. Assess & 

Prioritize 

Step 5. Securing 

Municipal 

Support 

Category 1 ("The 
Must Haves") 

•   

•   

•   

•   

•   

•   

•    

•  

•   

•   

•  

•   

•   

•  

•   

Category 2 ("The 
Optionals") 

•   

•  

•   

  
•   

•  

•   

  
•   

•  

•   

Category 3 ("The 
Recognized") 

    
•   

•  

•   

  
•   

•  

•   

Category 4 ("The 
Influencers") 

•   

•  

•  

     
•   

•  

•   
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Step 2: Asset 

Inventory 
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Activity #5: Municipal Asset Inventory and Scoping Risk Assessment Themes 
 

 

1. What services does your municipality provide to the community? Consider the following:  

 
 

Create a List of Your Municipal Services (note: you may have less or more than 10): 

 

Service #1: ______________________________________________________________________________________ 

Service #2: ______________________________________________________________________________________ 

Service #3: ______________________________________________________________________________________ 

Service #4: ______________________________________________________________________________________ 

Service #5: ______________________________________________________________________________________ 

Service #6: ______________________________________________________________________________________ 

Service #7: ______________________________________________________________________________________ 

Service #8: ______________________________________________________________________________________ 

Service #9: ______________________________________________________________________________________ 

Service #10: _____________________________________________________________________________________ 

 

2. What built and natural asset categories are required to deliver these services? Recall 

Ontario Regulation 588/17, which states that an asset category is:  

 

• An aggregate of assets defined as core municipal infrastructure:  

o Water assets that relate to the collection, production, treatment, storage, 

supply or distribution of water, 

Activity At-A-Glance 

• The purpose of this activity is to scope and confirm relevant climate change 

risk assessment themes, aligned with the services your municipality provides 

and related to the requirements of Ontario Regulation 588/17. 

• The outcome of this activity can be used to refine the asset(s) in scope of a 

risk assessment based on the available GIS information, and to inspire 

collaboration among infrastructure, asset management planning, and 

geospatial municipal staff. 

• Read pages 15-20 before completing this activity. 

https://www.ontario.ca/laws/regulation/r17588
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o Wastewater assets that relates to the collection, transmission, treatment or 

disposal of wastewater, including any wastewater asset that from time to time 

manages stormwater, 

o Stormwater management assets that relate to the collection, transmission, 

treatment, retention, infiltration, control or disposal of stormwater, 

o Roads, or 

o Bridges or culverts. 

 

• Or alternatively, composed of any other aggregate of municipal infrastructure assets 

that provide the same type of service. 

 

In other words, what types of infrastructure does your municipality own, manage, operate or 

maintain? Consider other asset categories that may be relied upon for delivering services but 

not necessarily owned, maintained or operated by your municipality (e.g., wetlands, 

conservation authority assets or lands, hospitals, schools, etc.). Identify and document these 

using the template below.  

 

Service Asset(s) or Asset Categories  

Service #1  

Service #2  

Service #3  

Service #4  

Service #5  

Service #6  

Service #7  

Service #8  

Service #9  

Service #10  
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Compare and cross-reference the asset categories documented above with the example 

critical infrastructure listed below. If you are missing any asset(s), consider if it should be in 

scope of your assessment. Note: Municipalities often define critical infrastructure differently, 

depending on their size and growth, the hazards they face, and the priorities of their residents 

and Council. Often, critical infrastructure is not owned by a municipality, but a municipality 

provides critical supporting services (e.g., water supply to hospitals). Examples of critical 

infrastructure previously defined and/or identified within municipalities in Ontario and Canada 

are listed below. The following provides a subset of critical infrastructure, and is not meant 

to be exhaustive:   

 

• Government Services: court houses, police stations, detention centers, post office, 

distribution centres, emergency operations buildings, townhalls, universities, daycare, 

primary and secondary schools 

• Health Services: hospitals, police station, fire station, defense infrastructure (if 

applicable)  

• Transportation: bridges, airport, rail corridors for shipping and passengers, bus and 

subway stations, regional and potentially local roads 

• Water: water treatment plants, dams, dykes, weirs, drinking water inlets, municipal 

wells, wastewater outlets 

• Waste: landfill, tipping facilities, sanitation facilities 

• Natural and Cultural Assets: protected natural areas or assets designed for flood 

storage, areas of cultural significance such as museums 

• Financial Institutions: banks 

• Energy and Utilities: electrical transmission lines, transformer stations, substations, 

power plants, telecommunication cables, natural gas pipelines 

• Food and Manufacturing: food manufacturing and production plants, process 

industry plants 

 

3. Typically, to undertake an adaptation process and analyze risk, one needs to identify 

themes of assessment to ensure a systematic process (or scope) is undertaken. These 

themes can look different depending on the municipality and the priorities of who is leading 

the process. Some examples of themes are provided below: 

 

• Emergency Services 

• Stormwater Infrastructure 

• Natural Systems 

• Transportation (Roads, Fleet, Transit, etc.) 

• Municipal Buildings 

• Water and Wastewater 
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Recommendation: Align your risk assessment themes with the services (documented in 

Question 1 above). Each of your municipal services can become a theme to carry forward in 

the roadmap process, or you may consider combining a couple if appropriate (e.g., water and 

wastewater as one theme). Within each theme, the asset categories identified should be used 

to narrow your scope and focus on what data is available for assessment (part of number 4 

below below).  

 

If you have not captured a particular theme that you feel is important to assess (e.g., social 

systems, energy systems, cultural heritage, or another system that is not municipally 

owned), add it below and confirm the themes of your assessment. Note: you may have less 

or more than 10 assessment themes:  

 

Theme #1: _______________________________________________________________________________________ 

Theme #2: _______________________________________________________________________________________ 

Theme #3: _______________________________________________________________________________________ 

Theme #4: _______________________________________________________________________________________ 

Theme #5: _______________________________________________________________________________________ 

Theme #6: _______________________________________________________________________________________ 

Theme #7: _______________________________________________________________________________________ 

Theme #8: _______________________________________________________________________________________ 

Theme #9: _______________________________________________________________________________________ 

Theme #10: ______________________________________________________________________________________ 

 

4. Complete the following template documenting your assessment theme, asset, and level 

of maturity as it relates to assessing each one and data availability. Consider: 

8. For each asset category, what has been assessed from a climate change perspective 

already? If it is considered that some assets are sufficiently analyzed at this time, 

remove a subset of the assets from your scope. 

 

9. Has your municipality previously defined and identified critical infrastructure? If so, 

consider these recommendations: a) narrow your scope to focus only on critical 

infrastructure across your municipality - if it includes assets across multiple systems; 

or b) elevating critical infrastructure to receive additional detailed assessment as part 

of the risk analysis described in step 4.  

 

If your municipality has not defined critical infrastructure, follow a detailed pathway 

and initiate a process in close collaboration with emergency management staff, public 

works and other critical municipal departments to identify what assets could be 
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determined critical (e.g., Public Safety Canada’s Resilience Assessment Program4) or 

should be elevated. 

 
10. Are you missing any municipal assets that should be documented in the table below 

based upon the priorities of your municipality?  

 
11. Consider the level of data you have on the municipal assets in scope. If significant 

datasets are not yet available, or remain in hardcopy records (e.g., not digitized), it is 

recommended you undertake digitization and fill data gaps where possible. Consider 

whether it is feasible to include assets where GIS data may be a challenge. In many 

cases, it is ideal to undertake a risk assessment for those assets that already have a 

degree of data in GIS as this is critical as part of hazard analysis and hot spot mapping. 

 
Talk to your colleagues working in data management, GIS, and asset operations and 

maintenance to identify the level of effort involved in obtaining data for a risk 

assessment. Categorize the level of completeness (red-yellow-green) and the level of 

confidence (red-yellow-green) for each asset. Definitions and a method to categorize 

your datasets are provided below. 

 

GIS Dataset Completeness: This term refers to the degree to which geographic 

features, their attributes, its metadata and their relationships are included and already 

digitized in a dataset.  

 

GIS Dataset Confidence: This term refers to the degree to which GIS staff and 

practitioners at your municipality are confident in an already digitized dataset. In other 

words, based on their expertise, how accurate would they consider the data to be 

(positions of features in a particular dataset and their attributes). 

 

The table below provides a rapid screening to categorize GIS asset data in terms of 

green (proceed), yellow (proceed with caution and consider filling data gaps), and red 

(do not proceed until digitized data is produced first). Note: this is typically an expert-

judgement driven process. It is therefore critical that GIS, asset management and/or 

operations and maintenance staff are involved in interpreting these distinctions for a 

particular asset dataset. 

  

 
4 https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx 

https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx
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 Level of Completeness Level of Confidence 

HIGH 

(Green) 

Geographic features, 
attributes and metadata are 
almost completely digitized 
(e.g., >90%). 

Geographic features and their 

attributes are mostly accurate 
spatially (e.g., validation has taken 
place or ground-truthing). 

MODERATE 

(Yellow) 

Geographic features, 
attributes and metadata are 
somewhat digitized (e.g., 
between 50 to 90%). 

Geographic features and their 
attributes are somewhat accurate 
spatially (e.g., no validation or 
ground-truthing has taken place, 
but staff trust the collection or 
source of data and previous 
experience with similar datasets). 

LOW 

(Red) 

Geographic features, 
attributes and metadata are 

mostly not digitized or 
dataset has large gaps prior 
to its completion (e.g., 
<50%). 

Geographic features and their 
attributes are considered 
inaccurate or in need of 

validation prior to use. 

 

Using the table above, categorize each dataset that is of interest in using as part of 

your adaptation processes.  

 

Use the resulting ratings (green, yellow or red) to populate the following template 

and identify datasets for each theme and asset(s) identified in question 2 above.
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Assessment 

Theme 

Asset / 

Asset 

Category 

Data 

Status / 

Source 

Available 

in GIS? 

Level of 

Completeness 

for Digitized 

Data 

Level of 

Confidence 

for Digitized 

Data 

Existing 

Status – 

Critical or 

Assessed? 

Decision 

Point  

Example: 

Buildings 

Court 

House 
GIS Staff  Yes HIGH - Green  

MODERATE - 

Yellow  

Not yet 

assessed, 

critical assets 

N/A  

In Scope 
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Assessment 

Theme 

Asset / 

Asset 

Category 

Data 

Status / 

Source 

Available 

in GIS? 

Level of 

Completeness 

for Digitized 

Data 

Level of 

Confidence 

for Digitized 

Data 

Existing 

Status – 

Critical or 

Assessed? 

Decision 

Point  
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Assessment 

Theme 

Asset / 

Asset 

Category 

Data 

Status / 

Source 

Available 

in GIS? 

Level of 

Completeness 

for Digitized 

Data 

Level of 

Confidence 

for Digitized 

Data 

Existing 

Status – 

Critical or 

Assessed? 

Decision 

Point  
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5. Optional detailed pathway resources: If you would like additional guidance, review the 

following resources endorsed by the Government of Ontario and Government of Canada:  

 

1. Asset management guidance for analyzing state of infrastructure and best practices 

for defining levels of service, by Municipal Finance Officer’s Association (MFOA) 

 
2. Comprehensive guide to the asset management process with activities and toolkits, 

by Asset Management Ontario. 

 
3. Assessing critical infrastructure interdependencies with a resilience lens, by Public 

Safety Canada 

 

http://mfoa-amp.ca/
https://amontario.ca/comprehensive-guide-to-the-asset-management-process/
https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/crtcl-nfrstrtr-rrap-en.aspx
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Step 3: Climate 

Scenario Analysis 
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Activity #6: Climate Information Primer: The Basics and Things to Keep in Mind 
 

 

Climate information can be broken down into categories. The following figures shows how it can involve historical and future 

information, and how it can be derived as qualitative or quantitative outputs.  

 

 
  

Activity At-A-Glance 

• The purpose of this activity is to learn more about climate modeling, projections and how they can be characterized 

as part of undertaking a scenario analysis. It is additional background information in support of Step 3 of the 

roadmap. 

• The outcome of this activity can be used to increase awareness and understanding on how much effort should be 

involved in obtaining, analyzing, and characterizing climate trends for use in a climate change risk assessment. 

• Read pages 23-24 before completing this activity. 
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What are climate models? 

• They are based on physical processes used to simulate the transfer of energy and materials through the climate system. 

• They use mathematical equations to characterize how energy and matter interact. 

• Climate models use “initial” conditions and changes in climate forcing, and repeatedly solving the equations using powerful 

supercomputers. 

• The only thing all climate models have in common is that they are imperfect. 

 

Global Climate Models (GCMs) are coupled atmosphere-ocean-land-sea ice models that project future changes in climate over 

the entire Earth surface under various GHG emissions scenarios. These models develop climate projections with a resolution 

usually ranging between 110 – 500 km by 110 - 500 km, on continental scales and are designed to characterize future climate on 

an annual, seasonal, monthly and daily basis. Since GCMs provide projections over larger spatial scales, there remain many 

limitations in climate data. Some of the most prominent limitations to GCMs are that GCMs cannot simulate smaller scale 

convective storms (i.e., thunderstorms), and as a result cannot account for some extreme events at the local scale. GCMs are 

also known to misrepresent many local features such as lakes and cloud processes, and they usually dampen extreme weather 

conditions compared to observational data. These processes must be averaged over a large scale to be reflected in the GCM. 

As such, this creates a level of uncertainty in the GCM, as it may not accurately reflect the smaller-scale processes in the model. 

 

Regional Climate Models (RCMs) have emerged as an increasingly valuable climate model. RCMs are high resolution models 

that are used to downscale the “coarser” resolution GCM outputs, providing a physically realistic simulation of climate projections 

over a smaller geographical area. RCMs produce climate projections on a much finer scale than GCMs (ranging from 25 – 50 

km) and produce more regionally-relevant climate information (e.g., the effects of the Great Lakes). As a result, RCMs allow for 

a more precise representation of land features such as lakes and rivers and ensures that consistency is maintained among 

different climate variables. Unlike GCMs, RCMs can project smaller scale storms (e.g., finer resolution RCMs can project 

thunderstorms, lake-effect snowstorms, and snow bands), allowing the models to incorporate future storms and extreme events.   

 

What type of climate model and portal are preferable? RCMs are considered preferred for regions with lakes and more 

complex topography; however, increased model resolution does not guarantee superior model performance for all parameters 

over all time scales. Thus, it’s recommended you obtain climate data from multiple models and produce an “ensemble”. 
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Two climate data portals are recommended for you to use to complete the RPWCO Roadmap. They are compared below. 

 

Climate Data for a Resilient Canada by Ouranos, CRIM, 

PCIC, Prairie Climate Centre, HabitatSeven 
Ontario Climate Data Portal by York University 

Uses an ensemble of 24 global climate models to 

produce data 

Uses a “super-ensemble” of 209 climate model runs to produce 

data, which includes numerous regional climate models (RCMs) 

in combination with global climate models (GCMs) 

All 24 GCMs are statistically downscaled  
About 23% of the data is dynamically downscaled (preferred) 

and 77% is statistically downscaled  

All data is bias-corrected data (preferred) All data is bias-corrected data (preferred) 

All future time periods (1981 – 2100) are available for 

direct download in excel-files 

All future time periods (1981 – 2100) are available for direct 

download in excel-files 

User friendly and contains educational resources 
More academic in nature, and may require higher technical 

expertise to use 

 

Key Things to Keep in Mind  

1. Many climate data portals exist, and the landscape is evolving rapidly. 

2. Depending on the approach used to derive climate projections, results may vary.  

3. Even the most user-friendly climate data portal still requires knowledge of data analysis with larger datasets. 

4. Climate data portal developers are available via the contact information on their websites. If you have questions around 

their approach in developing datasets, or how to obtain data, always reach out and ask. 

5. Climate data portals can have differing climate parameters available as a function of their budget and resources available 

to them upon development. Always check what parameters they have vs. what you need before diving in 

6. Be careful when making statistical assumptions using downloaded climate data, as it can skew results. For example, if 

data are obtained more than 30km away from your municipality, or your geographic context is unique and has localized 

features, consider reaching out for external expertise and help before you obtain and analyze climate data. 

https://climatedata.ca/
http://lamps.math.yorku.ca/OntarioClimate/
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Activity #7: Climate Parameters Checklist 
 

 
 

Part A: All of the following climate parameters are typically available for free on open source, 

government supported climate data portals. Begin by identifying if certain climate parameters 

could be useful for your municipal applications. 

 

Climate Parameters 

Important for your 

municipality or 

asset(s) in scope?  

Mean Temperature  □ 

Minimum Temperature  □ 

Maximum Temperature □ 

Hottest day (highest maximum temperature) □ 

Coldest day (lowest minimum temperature) □ 

Frost days (days where minimum temperature < 0°C) □ 
Cooling Degree Days (indication of A/C required to maintain 
building temperatures in warm months) 

□ 

Tropical nights (where minimum temperatures >18°C) □ 

Days with minimum temperature < -15°C □ 

Days with minimum temperature < -25°C □ 

Days with maximum temperature > 25°C □ 

Days with maximum temperature > 30°C □ 
Growing Degree Days (indication of whether plants can grow 
based on climate conditions) 

□ 

Activity At-A-Glance 

• The purpose of this activity is to confirm what climate parameters are most 

important for climate impacts (and hazards) experienced by your municipality. 

• The outcome of this activity can be used to produce a clear and concise list of 

data requirements for staff or a third-party organization to access and analyze 

prior to a climate change risk assessment. 

• Read pages 24-25 before completing this activity. 
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Heating degree days (indication of heat required to maintain 
building temperatures in cooler months) 

□ 

Ice Days (days where maximum temperature < 0°C) □ 

Max 1-day precipitation □ 

Days where precipitation >1mm □ 

Wet days where precipitation >10mm □ 

Wet days where precipitation >20mm □ 

Total precipitation □ 
 

 

Part B: The following climate parameters are typically not available on open source, 

government supported climate data portals. This may be because of the inability for climate 

models to accurately project them in great detail, or it may because portals require greater 

investment to derive these across a geographic area due to time-intensive analyses. 

 

Climate Parameters 

Important for your 

municipality or 

asset(s) in scope?  

Future intensity-duration-frequency curves5  □ 
Average windspeed  □ 
Extreme wind gusts  □ 
Relative humidity □ 
Specific humidity □ 
Snow cover and/or snowpack depth □ 
Drought index or growing season moisture index □ 
Ice storm potential □ 

 
5 The two climate data portals recommended for use in the RPWCO Roadmap do not yet contain future 

IDF curves. However, other Ontario-specific sources of information already exist. The authors recommend 

you review potentially access this computerized future IDF curve tool developed by Western University if 

you require rapid, future IDF information and do not have the resources to develop locally customized 

versions using the two recommendation portals.  

 

https://www.idf-cc-uwo.ca/
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Future extreme rainfall events or days with customized 
thresholds (e.g., >80mm of precipitation falling in a day) 

 

□ 

Back-to-back climate events occurring (e.g., extreme rainfall 
event during the winter season) 

 

□ 

Sub-daily (e.g., hourly) conditions for any climate parameter6  

 

□ 

 

Are there any additional climate parameters missing from those identified above that you 

might need?  

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________ 

 

Note: If you added any parameters in response to the question above or selected parameters 

in Table 2, you will need to take a Detailed Pathway to this roadmap step and engage external 

experts (academics, not-for-profits and/or private consultants) to support in deriving 

customized information for your purposes. 

 

Circle the pathway you will be following below: 

 

Roadmap Pathway (circle one):              Accelerated                      Detailed 

 
6 Sometimes, sub-daily information can be requested by a data portal developer directly. However, it is 

typically not available online due to the sheer large size of data requirements (e.g., to host hourly data for 

a parameter for each day, or each month, from 1981 to 2100).  
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Activity #8: Climate Scenario Preparation 
 

 

Part A: Characterization. What are the main issues or challenges your municipality faces in 

relation to climate? Consider: anecdotal evidence. How has weather and climate already 

impacted or challenged current management actions or objectives? Have new stresses 

emerged only recently being observed (e.g., invasive species, new heat stress across 

watersheds, pressures related to hosting extreme weather evacuees or noticeable climate 

migration in population)?  

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________ 

___________________________________________________________________________________________________ 

 

Part B: Future Scenarios. Will your municipality need to compare future scenarios of 

emissions (or radiative forcing) to account for multiple futures and a wider range of 

uncertainty in the planning process? In other words, will your municipality need to compare 

future scenarios of emissions (or radiative forcing)? Note: by selecting “Yes”, the number of 

climate parameters and data requirements doubles. 

 

Circle one:                Yes                         No  

 

If you selected “Yes”, review the scenario table below and select which additional scenario 

you would like to incorporate into your assessment process. If you selected “No”, continue 

using scenario RCP8.5. 

 

Recommendations: RCP8.5 (“business as usual” is recommended to be included in all 

processes as a precautionary approach. RCP2.6 is no longer considered realistically 

attainable to plan and design future infrastructure and systems for. RCP4.5 is more 

commonly used in climate modeling initiatives and is therefore more widely available through 

online portals. At the time of this publication, RCP6.0 is less widely available but this is 

expected to change in the next round of international climate modeling (anticipated to be 

released in 2021). 

Activity At-A-Glance 

• The purpose of this activity is to guide your thought process and enable 

documentation of how climate projections can be used to develop scenarios. 

This includes key decisions related to future time horizon and scenarios. 

• The outcome of this activity can be used to develop climate scenarios and 

employ them as part of a climate risk analysis.  

• Read pages 28-30 before completing this activity. 
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Representative 

Concentration 

Pathway (RCP) 

On Track For… Definition 

RCP 2.6 
1 degree of 
warming 

The lowest emission scenario, where peak radiative 
forcing is 3 Wm-2 and declines before 2100. This 
scenario would require all the main GHG emitting 
countries, including developing countries, to 
participate in climate change mitigation initiatives 
and policies. 

RCP 4.5 
1.8 degrees of 
warming 

The second lowest emission scenario, where 
stabilization without overshoot pathway to 4.5 Wm-2 

and stabilization after 2100. 

RCP 6.0 
2.2 degrees of 
warming 

The second highest emission scenario, where 
stabilization without overshoot pathway to 6 Wm-2 

and stabilization after 2100. 

RCP 8.5 
3.7 degrees of 
warming 

The highest emission scenario, where rising 
radiative forcing pathway leading to 8.5 Wm-2  in 
2100 and continues to rise for some amount of time. 
GHG concentrations are up to seven times higher 
than preindustrial levels. 
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Part C: Future Time Horizons. 

Examine the following graph of average design life across a range of asset types:  

 

 
 

Will you be using climate scenarios to inform infrastructure design and/or a process that 

is tied to an asset’s design life?  

 

Circle one:                Yes                         No  

 

If no, the authors recommend that your municipality use multiple future time horizons to 

develop scenarios and include at least historical, short- and medium-term data to account for 

the planning process: 

 

1. Historical Conditions (Baseline) for at least 30 years of observational data (e.g., 1981 

– 2010) 

2. Short Term (e.g., 2020s – 2040s) 

3. Medium Term (2040s – 2060s) 

4. Long Term (2070s – 2090s) 

 

Note: Depending on the climate data portal selected in Activity 8 (below), the time horizon 

“windows” may differ. This is normal. Select and use the most appropriate window for your 

purposes. 

 

If you answered yes to the previous question, consider the following: 

 

0 10 20 30 40 50 60 70 80 90

Paved Roads

Rail Tracks

Bridges

Tranmission Lines

Transformers

Generating Stations

Dams

Reservoirs

Pumping Stations

Treatment Plants

Storm Sewers

Average Design Life (Years)
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1. What future period is used in infrastructure planning? Align your future time horizon 

as best as possible. 

2. What level of uncertainty is acceptable to your council and your senior decision 

makers? Keep in mind using the long-term time horizon involves designing and 

planning to a much more extreme future, but at the same time involves higher 

uncertainty depending on how future decisions are made. 

 

Ultimately, the selection of what “future” a municipality is planning and designing for is at 

their discretion. However, a prudent approach would suggest looking beyond the short-term 

horizon for assets that have a design life exceeding 20 years. 

 

Part D: Structure Your Scenarios. 

 

Scenario Name: ________________________________________________________________________ 

 

Theme (E.g., Extreme Rainfall): 

 

What climate parameters should inform this scenario? (E.g., 1-day maximum precipitation). 

Hint – use Activity 7 to inform this list: 
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Will this scenario be quantitative only, or include qualitative characterizations? Recall 

from Activity 6 that if you would like to incorporate localized geographic influences you need 

to include qualitative interpretation and characterization as to how future climate information 

may interact locally based on expert judgement. 

 

 

At a high level, what impacts could this scenario have on your municipality?  

 

 

How many climate scenarios do you need to inform and enable the application of the climate 

information?  

 

Recall that it is ideal the data actually inform municipal processes and applications rather 

than remain in a report or database.  

 

The authors would recommend having at least one scenario for each major theme (or climate 

driver) of interest to the municipality (e.g., flooding, extreme heat, dry conditions, frost free 

conditions, etc.) 
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Activity #9: Climate Scenario Considerations in Request for Proposals (RFPs) 
 

 

Climate change is an additional factor that should be considered by municipal infrastructure 

staff for projects. Changing climate conditions may mean warmer winters, hotter summers 

with more frequent and extreme weather events. This shift in climate conditions in your 

municipality will likely have an effect the local economy, local communities, and natural and 

urban landscapes. In response, municipalities can rise to this global challenge to combat 

climate change at the local level through incorporating climate change requirements or 

considerations into Request for Proposals (RFPs). 

 

It is important to note that it is typically the responsibility of a proponent to respond to a 

municipal RFP scope, to identify methodological details and explain and defend how they 

would meet your expectations. Thus, an RFP does not have to go into extreme detail, but it 

is important to set the bounds for what is in scope.   

 

The following provides a high-level summary, in point form, of RFP considerations. Note: 

these are meant to be examples only and provide a subset of what to consider for a particular 

asset class or scope of work. Individual projects may have different requirements to ensure 

that a robust climate change analysis is incorporated. 

 

• Ensure to state that future climate projections should be obtained, compared to 

historical conditions and considered explicitly by the proponent in evaluating 

infrastructure design. 

 

• Ideally recommend the use of an existing climate trends report that exists for your 

municipality (if available), or a specific climate data portal for a source of future 

projections to avoid a proponent recommending one with less robust data (see Step 

3 of the roadmap for two recommendations). 

 

• If you want to go above and beyond, identify the specific climate parameters you are 

particularly concerned about for the infrastructure type or asset class, such as: 

o Increased Mean Temperature  

Activity At-A-Glance 

• The purpose of this activity is to provide reference (example) of terminology for 

capturing climate information and risk-related information within request-for-

proposals or the procurement process. 

• The outcome of this activity can be used to inform climate adaptation project 

scopes, wording in procurement and/or specific methodologies where 

appropriate. 

• Read pages 28-30 before completing this activity. 
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o Extreme heat days  

o Increased Annual Rainfall  

o Decreased Annual Snowfall 

o Increased Frequency and Severity of Precipitation Extremes 

o Changes in freeze-thaw cycles 

o Changes in winter precipitation days 

o Changes in ice days (freezing conditions) 

o Changes in Lake Levels  

o Others - additional project-specific climate change parameters 

 

• Ensure to specify what future time horizon you might want examined as part of an 

infrastructure project. As stated in this guide, if the RFP scope is for a specific asset 

or asset class, specify that climate data obtained should be for a future time horizon 

aligned with the asset’s design life. If the scope is for a broader infrastructure master 

plan, identify the time horizon that is in scope of that plan and align future projections 

with its objectives.  

 

• Ensure to state that risk should be evaluated for present conditions, as well as under 

future climate scenarios (if a risk analysis or assessment is in scope). 

 

• Ensure to state that climate change impacts should be explicitly identified in project 

reporting, including how the project could impact or worsen local climate impacts (e.g., 

exacerbate flooding) and how climate change could impact the infrastructure itself. 

 

• Ensure to state that when climate data analysis is in scope or a quantitative model is 

being run, multiple future scenarios should be accessed, used and defended by the 

proponent (e.g., not just one modeled scenario with limited context). 

 

• Ensure to state that if your municipality is larger than 30km from north-to-south, or 

east-to-west, that more than one climate station is used to account for geographic 

variability where appropriate for the infrastructure scope of work. Note: this would 

only be needed for system-wide or asset class projects, not site-specific projects in 

one location. 

 

• Ensure to state that if your municipality has local topographic features of importance 

(e.g., the Niagara Escarpment) or exists near a lake, that more than one climate station 

should be used to account for geographic variability where appropriate for the 

infrastructure scope of work. Note: this would only be needed for system-wide or 

asset class projects, not site-specific projects in one location. 

 

• Ensure to require that proponents document their assumptions, 

confidence/uncertainty in climate conditions used to inform the infrastructure project.  
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Activity #10: Climate Scenario Analysis and Development 
 

 

Populate the following table  with quantitative climate projections (parameters you obtain) to summarize your findings and bring 

forward as part of the scenario development phase. Repeat as necessary for the number of future time periods selected from 

Activity 8.   

Related Reading: If you require tailored projections, or a more detailed pathway, it is recommended that you leverage the 

valuable guidance made available in this resource by Ouranos: A Guidebook on Climate Scenarios: Using Climate Information to 

Guide Adaptation Research and Decisions. This guidebook systematically provides information related to climate models, 

sources of uncertainty, downscaling methods, analysis methods such as bias correction, and advice related to level of detail and 

mapping and graphing projections to ensure they provide valuable information to inform your risk assessment and adaptation 

process. 

 

Climate 

Parameter  

Data 

Source & 

Date 

Obtained 

RCP 

Scenario 

Used 

Units 
Annual or 

Seasonal? 
Trend 

Historical 

(Baseline) 

Value 

Future Time 

Period – 

Lower 

Range (Min. 

or 10th 

percentile) 

Future 

Time 

Period – 

Average 

Value 

Future Time 

Period – 

Upper 

Range (Max. 

or 90th 

percentile) 

          

          

Activity At-A-Glance 

• The purpose of this activity is to document climate projections (trends) obtained for your municipality, such as the 

parameters in scope, the data source used, the scenario, uncertainty, and historical and future conditions. 

• The outcome of this activity can be used to append as part of a climate trends report, risk assessment report, or to 

inform a climate change infographic for the municipality. 

• Read pages 31-32 before completing this activity. 

https://www.ouranos.ca/publication-scientifique/Guidebook-2016.pdf
https://www.ouranos.ca/publication-scientifique/Guidebook-2016.pdf
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Climate 

Parameter  

Data 

Source & 

Date 

Obtained 

RCP 

Scenario 

Used 

Units 
Annual or 

Seasonal? 
Trend 

Historical 

(Baseline) 

Value 

Future Time 

Period – 

Lower 

Range (Min. 

or 10th 

percentile) 

Future 

Time 

Period – 

Average 

Value 

Future Time 

Period – 

Upper 

Range 

(Max. or 

90th 

percentile) 
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Climate 

Parameter  

Data 

Source & 

Date 

Obtained 

RCP 

Scenario 

Used 

Units 
Annual or 

Seasonal? 
Trend 

Historical 

(Baseline) 

Value 

Future Time 

Period – 

Lower 

Range (Min. 

or 10th 

percentile) 

Future 

Time 

Period – 

Average 

Value 

Future Time 

Period – 

Upper 

Range 

(Max. or 

90th 

percentile) 
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Climate 

Parameter  

Data 

Source & 

Date 

Obtained 

RCP 

Scenario 

Used 

Units 
Annual or 

Seasonal? 
Trend 

Historical 

(Baseline) 

Value 

Future Time 

Period – 

Lower 

Range (Min. 

or 10th 

percentile) 

Future 

Time 

Period – 

Average 

Value 

Future Time 

Period – 

Upper 

Range 

(Max. or 

90th 

percentile) 

          

          

          

          

          

          

          

          

          

          

          



119 
 

 

 

Step 4: Assess 

and Prioritize 
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Activity #11: Asset vulnerability 
 

 

 

Part A: Consider all the assets in your inventory. For each asset, consider the degree of 

damages from no damage to completely destroyed in the event of a specific hazard 

occurring, and consider how many people are depending on this asset functioning. Plot your 

results below. 

Hazard chosen: 

 

 

  

No 

damage 

Completely 

destroyed 

Most people 

are dependent 

on this asset 

No people are 

dependent on 

this asset 

Activity At-A-Glance 

• The purpose of this activity is to analyze and evaluate vulnerability of relevant 

assets documented for your assessment themes in Step 2.  

• The outcome of this activity can be used within risk assessment reports, to 

inform GIS mapping and to determine detailed adaptation actions/projects. 

• Read pages 34-39 before completing this activity. 
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Consider the same hazard and the same assets but plot your assets according to cascading 

effects and how many people are depending on this asset functioning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Have your results changed? 

Note, that is stated some criteria in an MCA may be conflicting and lead to conflicting results. 

There is no wrong way to perform an MCA, but also no straightforward one-size-fits-all 

solution. You will need to identify your own middle ground for your community. 

  

Singular 

impact 

Major cascade 

effect 

Most people 

are dependent 

on this asset 

No people are 

dependent on 

this asset 
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Part B: Consider all the assets in your inventory and identify whether or not damage/loss 

costs are available dependent on your hazard. 

Note: Generally, damage/loss costs from pluvial and coastal flooding are well covered in 

sources such "HAZUS" from FEMA or “Global flood depth-damage functions” from the 

European Commission and may be used in no local estimates are available. 

Sources on damage/loss costs from hazards such wildfire, heatwaves, tornadoes, and 

drought are scarcer and may be harder to locate, if no local estimates are available. Estimates 

may be found in various articles or via online sources by googling [the hazard + damage 

costs], e.g. “Wildfire damage costs”. 

If no damage/loss costs are available for an asset, leave columns 3 and 4 blank. 

Asset 

Monetized 

damage/loss 

cost 

available 

(Y/N) 

Source 
Value 

[$, $/ft2, other] 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcs143_009786&ext=pdf
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
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Part C: Based on your findings in parts A and B, 

evaluate the vulnerability of all your assets on a 

scale from minimum vulnerability 0 to maximum 

vulnerability 10 and fill out column 1 and 2 below. 

You can use the plot in part A to guide your 

ranking, where assets in the red zone should rank 

highest and assets in the green zone should rank 

lowest, see example right. You can also use the 

identified damage/loss costs in part B, by 

normalising the cost estimates to the scale 0-10. 

Note that this assessment assumes an asset is 

exposed. 

 

Asset 
Vulnerability 

index 0-10 
Threshold for exposure (part D) 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  

•Hospital = 

10 

• School 

= 6 

• Secondary 

road = 1 
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Part D: Consider the parameters that are available from your hazard data. For flooding 

parameters may include flood duration, inundation depth, flow velocity. For wildfire 

parameters may include flame length and heat energy released. For heatwaves parameters 

may include number of heat days, temperature, etc. List your available parameters below in 

regard to your hazard: 

1.  

 

2.  

 

3.  

 

… 

 

Based on your available parameters, identify the damage/loss threshold for your different 

assets and fill out column 3 in the table in part C. Your threshold is the value at which a 

damage occurs, e.g. inundation depths >3 inches, temperatures>30°C, etc. 
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Activity #12. Example Indicators for Assessing Hazard and Vulnerability for an 

Accelerated Risk Assessment 

 
The following are a subset of example indicators that have been used in Ontario to assess 

hazard and asset vulnerability. This example has been adapted from a facility (buildings) and 

flood risk assessment and is therefore more oriented towards site footprints and flood-

related hazard. The table below summarizes how each indicator can be defined as proxy 

information to estimate a hazard or vulnerability of a particular asset. Where data are 

available, map that information in GIS. The following process can be used to adapt an 

accelerated risk assessment process using similar indicators: 

1. Identify a long list of potential hazard and vulnerability indicators; 

2. Engage stakeholders and/or staff with expertise to refine most relevant indicators 

and avoid “double counting” of the same process;  

3. Refine the list of indicators and select final suite for use in rating hazard, vulnerability 

towards estimating risk;  

4. Map each indicator where data are available in GIS and identify a common unit of 

analysis (e.g., grids, catchments, etc.);  

5. Define criteria for the rating of an indicator from lower (e.g., 1) to higher (e.g., 10) and 

rely on expert judgement or assumptions where literature review or modeling is not 

available or in scope;  and 

6. Rate each indicator to produce an estimation of hazard, an estimation of vulnerability 

and combine these to estimate overall risk.  

 

Note that this example combines assessments of several types of flooding. Depending on 

the scope of the risk assessment it may not be advisable to combine hazards as the damages 

may vary from type to type. Groundwater flooding may include more pollution than the other 

types of flooding, whilst storm surges have a higher salinity than the others. Both parameters 

increase damage costs. On the other hand, they have a slower onset than extreme rain, 

allowing more time for emergency and response teams to prepare. 

The systems are complex, and if the scope of the risk assessment is to afterwards identify 

adaptation measures, then combining hazards makes it harder to evaluate whether the 

Activity At-A-Glance 

• The purpose of this activity is to provide an example of how indicators can be 

identified and used in support of a flood-related risk analysis.  

• The outcome of this activity can be used to obtain and produce GIS mapping, 

to be rated or analyzed in support of a risk analysis, or to conduct a high-level 

interpretation. 

• Read pages 41-42 before completing this activity. 
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adaptation measures should include a flood door for flooding on terrain or installation of a 

pump for groundwater flooding. If the scope is “merely” to identify high risk areas, then 

combining hazards may be an option in order to save resources.  

 

Indicators Description Scale 

1. Hazard (Flooding) 

History of 

Flooding 

An asset that has frequently reported flooding 

issues in the past (e.g., having an average of 3 or 

more flooding incidents in the past four years) is 

considered more flood-prone.  

Asset  

Proximity to 

Riverine Flood 

Plain 

Flood plain mapping in Ontario is based on a 1-in-

100-year storm or Regulatory storm, whichever 

produces greater flood flows. An asset that is 

located within a flood plain is considered to have a 

higher potential for riverine flooding. 

Asset and 

Surrounding 

Area 

Proximity to 

Waterbodies or 

Watercourses 

An asset that is located in close proximity (e.g., 

within 100m) to a waterbody or watercourse is 

considered to have a higher flooding potential. 

Asset and 

Surrounding 

Area 

Overland Flow 

Potential or 

Stormwater 

Runoff Potential 

Stormwater runoff potential is based on land 

surface elevation and impervious cover. An asset 

that is located within a low-lying area and has a 

high impervious cover (i.e., greater or equal to 70% 

impervious) is considered to have higher flooding 

potential. (Note: a detailed approach could involve 

developing a quantitative model to determine the 

size of the overland flow catchment area and the 

amount of impervious cover within the catchment 

area. 

Asset and 

Surrounding 

Area 

Groundwater 

Seepage Potential 

An asset located on land that has a high water 

table (i.e., less than or equal to 2m below ground) 

and low water table elevation (i.e., less than or 

equal to 30m above sea level) is considered to 

have a higher groundwater flooding potential due 

to a combination of high water table and low 

groundwater storage capacity. 

Asset 
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Indicators Description Scale 

Potential for 

Combined Sewer 

Overflows 

An asset located near a combined sewer pipe is 

considered to have a higher potential to 

experience combined sewer overflows. 

Asset 

2. Vulnerability   

Provider of a 

Critical Service 

(Asset Use) 

An asset where the primary use falls under any of 

the critical infrastructure sectors identified by the 

provincial (Ontario Ministry of Community Safety 

and Correctional Services, 2019) or federal 

government (Public Safety Canada, 2019) is 

considered more vulnerable to the impacts of 

flooding. These critical infrastructure sectors 

include: 1) public safety and security, 2) 

government, 3) food, 4) water, 5) 

telecommunication systems/information 

communication technology, 6) electrical power 

system/energy and utilities, 7) gas and oil, 8) 

financial services, 9) health system, and 10) 

transportation networks. 

Asset 

Occupancy Type 

An asset that is occupied 24/7 (including detention 

centres and psychiatric hospitals) or serves as a 

school for persons with disabilities is considered 

more vulnerable to the impacts of flooding. 

Asset 

Age of 

Construction or 

Structural 

Conditions 

An older asset (i.e., a building constructed before 

the 1970s) is considered to be more vulnerable to 

flooding (e.g., due to aging infrastructure or 

outdated building standards). Meanwhile, an asset 

with building envelope or structural components 

(i.e., exterior walls, roof, and foundation) that are 

nearing their end-of-life (i.e., less than or equal to 

30% of years remaining over the lifetime of the 

structural system) is considered more vulnerable to 

flooding (e.g., due to cracks or weathering over 

time). 

Asset 

Facility Condition 

Index (FCI) 

Facility Condition Index (if available) is a measure 

of an asset’s state of repair and renewal needs 

(e.g., FCI = Maintenance, Repair, and Replacement 

Deficiencies of a Facility divided by the Current 

Replacement Value of a Facility). An asset with a 

Asset 
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Indicators Description Scale 

higher FCI (i.e., greater than 30%) is considered 

more vulnerable to flooding. 

Presence of 

Basements or 

Floors Below 

Ground 

An asset that has a basement may be vulnerable to 

basement-related flooding or flood-related 

damages even when flood waters are very low. 

Additionally, as a secondary indicator, if the 

building has a weeping tile system that drains 

directly to a storm sewer system, this may limit the 

capacity of the storm sewer system and thereby 

make it more vulnerable to sewer backup or 

basement flooding when capacity of the system is 

exceeded 

Asset 

Social or Cultural 

Value 

An asset that is recognized for its heritage value 

(i.e., of provincial or local significance) is 

considered more vulnerable to the impacts of 

flooding (e.g., the loss or damage of this value). 

Asset 

Adjacent to 

Important 

Environmental 

Areas 

As a proxy of the potential for environmental 

damages in the event of flooding (e.g., flood waters 

carrying pollutants off-site), an asset located 

adjacent to Environmentally Significant Areas 

(ESAs), wetlands, Areas of Natural and Scientific 

Interest (ANSI), Natural Heritage System Areas 

(i.e., the Greenbelt, Oak Ridges Moraine, or Niagara 

Escarpment within the Greater Golden Horseshoe 

Region), or conservation lands (in TRCA 

jurisdiction) is considered more vulnerable. 

Surrounding 

Area 
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Activity #13: Prioritization of hazards 
 

 

Part A: Based on your risk assessment(s), plot your expected risk over time for all available 

hazards based on the current situation, see example left. 

 

 

 

Part B: Identify which hazard(s) have the highest risk 2020 to 2050? Rank your hazards from 

highest to lowest risk over the next 30 years. 

1.  

 

2.  

 

3.  

 

… 

 

Activity At-A-Glance 

• The purpose of this activity is to prioritize climate hazards based on estimated 

risk analysis outputs. 

• The outcome of this activity can be used to target specific adaptation actions 

or projects (or municipal mechanisms) related to the highest priority over time. 

It can also be used to make the case and inspire further funding support by 

municipal council and senior decision makers.  

• Read pages 44-47 before completing this activity. 
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Step 5: Securing 

Municipal Support 
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Activity #14: Identifying Municipal Mechanisms to Influence Implementation of 

Priorities 

 

Steps to Incorporate Climate Change into Your Municipal Mechanisms 

1) First, review in detail Table 5A and identify which municipal mechanisms within your 

municipality have considered climate change. Table 5A describes the various types of 

municipal mechanisms often used by municipalities throughout Ontario and provides a 

high-level description of how climate change resilience can be incorporate into the 

various mechanisms.   

Are there any other municipal mechanisms that your municipality has incorporated 

climate change into that are not in the table? If so, what are they? 

2) Document the historical success of those mechanisms in gaining traction towards 

adaptation and resiliency (i.e., were certain reports approved by council, are there reports 

that have gained departmental approval and funding buy in?)   

3) Document which “mechanisms” have been most influential in increasing infrastructure 

resilience in your municipality (select up to 3 mechanisms)? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activity At-A-Glance 

• The purpose of this activity is to identify what promising mechanisms your 

municipality has to influence for incorporating climate adaptation priorities.  

• The outcome of this activity can be used to engage municipal staff internally 

who are involved in a particular mechanism and to begin to chart a course for 

updating a plan/policy/mechanism to incorporate climate adaptation. 

• Read pages 50-51 before completing this activity. 
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Mechanism 1:  

 

Mechanism 2: 

 

Mechanism 3:  

 

 

4) What made this mechanism (or multiple mechanisms) influential/successful? Consider 

whether you had a “champion” who has helped push resilience forward through a 

mechanism, whether it was because of effective communication strategies (i.e., visually 

appealing communication ad summary narratives], whether it was because of “timing” i.e., 

following a disaster or extreme weather event in the community; having a supportive 

council, etc.).  

 

Mechanism 1: 

What made this mechanism influential? 

 

 

 

 

 

 

 

 

 

Mechanism 2: 

What made this mechanism influential? 
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Mechanism 3: 

What made this mechanism influential? 

 

 

 

 

 

 

 

The table below describes a variety of municipal mechanisms often used by municipalities 

throughout Ontario to establish short, medium- and long-term planning, municipal goals, 

actions, priorities, and allocate resources. The following table is not meant to be an 

exhaustive list of all mechanisms used by municipalities, rather it provides an overview and 

guidance on how to incorporate climate change and resiliency into commonly used 

mechanisms.  

 

Plans and 

Processes 
Details  How to Incorporate CC/Resiliency  

Municipal Vision 

Statement 

A municipal vision statement 

outlines a vision of the future 

of the municipality or 

community which is intended 

to guide decision-making in the 

present. The process of 

creating a vision statement 

tends to support long-term 

thinking among the 

participants. These documents 

can be stand alone or 

developed as part of a planning 

process for municipalities. 

Vision statements are often 

included as part of an Official 

Plan, Integrated Community 

Sustainability Plan or other 

plan.  

Traditionally, municipal vision 

statements describe a future 

community with strong 

environmental values. Statements 

should incorporate a sustainability 

perspective that encourages and 

promotes a future municipality that 

is resilient to climate change. 
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Plans and 

Processes 
Details  How to Incorporate CC/Resiliency  

Strategy/Strategic 

Plan 

A municipal strategy/strategic 

plan is an overarching planning 

document that outlines goals 

and objectives for a collection 

of projects.  

A strategy/strategic plan should 

provide realistic guidance to 

effectively allocate municipal 

resources (human, physical, and 

financial). Strategic Plans outline 

what a municipality wants to 

achieve, but not necessary how to 

achieve it.  

 

Incorporating climate change 

projections and future scenarios 

can help a municipality better 

budget resources to align with 

future needs. Planning for the 

future using historical practices and 

data no longer provides an 

accurate picture of the future. 

Climate projects can provide an 

understanding of a likely future, or 

likely scenarios that a municipality 

will need to operate within.  

Official Plan Official plans are the primary 

vehicle for outlining a 

community’s vision and overall 

planning policy direction.  

Municipalities can incorporate 

climate change policies into their 

official plans to identify specific 

actions to be taken to achieve 

climate change objectives that 

foster resiliency. These policies 

should complement other municipal 

mechanisms that address climate 

change resiliency in order to move 

from policy to action and 

implementation. 

Asset 

Management 

Plans 

Asset management plans are 

used by municipalities to 

manage infrastructure and 

other assets in order to deliver 

an agreed standard of service. 

These plans can help 

municipalities make effective 

Climate change can be integrated 

in asset management plans by 

considering how climate hazards 

(such as extreme temperature, high 

winds, rainfall, etc.), may impact 

municipal assets, and by 

understanding how those 
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Plans and 

Processes 
Details  How to Incorporate CC/Resiliency  

planning decisions about 

building, operating, maintaining, 

renewing and replacing 

infrastructure across multiple 

time horizons. 

interactions and impacts are 

expected to change over time. 

Undertaking a risk assessment of 

existing assets in your municipality 

will allow you identify potential 

hazards of importance, likelihood of 

occurrence, asset vulnerabilities, 

and consequences of climate 

change.  

 

High risk assets can be identified 

and prioritized, and asset 

management strategies can be 

assigned, as well as the appropriate 

resources (human, physical and 

financial), required to maintain 

established levels of service.  

Capital Planning  Capital plans budget a 

municipality’s resources for the 

future long-term plans, 

including budgeting human 

resources, such as planning, 

research and development, 

new projects and other major 

capital expenditures.  

By understanding how climate 

change is anticipated to impact 

your municipality, you can begin to 

document cost-benefits of 

adaptation strategies (versus 

inaction), and budget for 

undertaking the necessary actions 

to increase resilience. Long term 

planning can save considerable 

costs in the event of extreme 

weather events, and long-term 

average changes in climate.  

Regional Plan  Regional plans outline matters 

that impact multiple 

jurisdictions or municipalities. 

These plans document big-

picture solutions to issues that 

cross town or city boundaries, 

such as environmental, social 

and economic issues. Regional 

plans outline a collaborative 

approach to planning, and aim 

Incorporating climate change 

considerations into regional 

planning can encourage a cross 

boundary approach that works 

towards the same goals, initiatives 

and actions. Incorporating climate 

change resiliency into all 

components of the plans, i.e., 

planning for urban growth and 

transportation networks through 
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Plans and 

Processes 
Details  How to Incorporate CC/Resiliency  

to address factors such as 

population growth, urban 

sprawl, maintaining farmland, 

planning efficient 

transportation networks and 

protecting natural areas. 

the use of additional mechanisms 

such as such as procurement of 

goods and services and municipal 

tools such as zoning by-laws and 

land use planning that considers 

climate vulnerable areas. 

Infrastructure 

Master Plans and 

Supporting Plans 

Infrastructure plans identify 

infrastructure improvements 

required to maintain levels of 

service, often planning for a 

30-year time horizon.  

Incorporating future climate 

protections into the planning 

process is critical, as historical 

trends no longer adequately reflect 

current and future norms. 

Undertaking initiatives to document 

how climate change will likely 

impact infrastructure assets and 

systems and determining how 

those impacts will influence level of 

service is a critical step in 

understanding how to plan for 

resilient infrastructure.   

Climate Change, 

resiliency and 

sustainability 

plans; Adaptation 

and Mitigation 

Plans, Energy Plan.  

There are a variety of climate change plans, including sustainability 

plans, adaptation and mitigation plans (energy plans), climate trend 

reports, resiliency plans, etc. These plans strategies often identify 

climate trends of relevance for the municipality and detail goals, 

actions for adaptation and mitigation. Some plans include costs 

around these strategies and detail timelines and resources required.   

Policies 

(Regulatory) 
Details   

Procurement Municipal procurement is the 

process of finding and 

agreeing to terms and 

acquiring goods and services, 

or works from an external 

source, and can be rendered 

through tendering or a 

competitive bidding process.  

Many municipalities have begun to 

think about and implement 

sustainable procurement initiatives.  

Sustainable and resilient 

procurement can help a 

municipality achieve its goals and 

better prepare for climate change. 

I.e., procuring climate resilient or 

appropriate construction materials 

that can better withstanding a 

changing climate and extreme 

weather events. Investing in climate 
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Plans and 

Processes 
Details  How to Incorporate CC/Resiliency  

resilient products and services can 

deliver value over the long-term.  

Municipal Tools.  Municipalities can use a variety 

of tools to address policies. 

Tools include regulatory tools, 

such as resilient infrastructure 

guidelines, design guidelines, 

permitting, resiliency standards 

and zoning bylaws, etc. 

Municipal tools can incorporate 

climate risk, vulnerability and 

adaptation by setting directions for 

regulation that take into 

consideration municipal climate 

projections, risks and 

vulnerabilities. For example, zoning 

and land use bylaws such as 

through zoning bylaws that 

evaluate, and prioritize/avoid land 

based on climate change risks or 

minimize vulnerability through land 

use designations.  
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Activity #15: Building the resilience business case 
 

 
Building a solid resilience business case goes beyond a purely economic exercise. To ensure 

that co-benefits and added values are maximized, this needs to be taken into consideration 

already in the early offset of a climate adaptation project. Once the climate risks are 

understood, the additional challenges and visions in the area or aspirations within the 

municipality (relevant to this project) should be documented and explored with relevant 

stakeholders. For a case area, please follow the following stepwise exercise. 

 

 

Part A: Identify purpose of climate risk reduction solution: ____________________________________ 

 

 

Part B: Identify co-purposes/co-benefits 

 

Co-purposes should be inspired by existing knowledge, plans, aspirations and challenges. 

Examples could be increase level of income, provide additional local employment, provide 

outdoor teaching areas to ensure higher levels of retainment of high-school dropouts, 

increased recreational areas to improve health, etc. 

 

 

Activity At-A-Glance 

• The purpose of this activity is to identify potential co-benefits of adaptation 

projects, and to set you up to develop a business case. 

• The outcome of this activity can be used to scope next steps and in 

presentations among municipal council and senior decision makers for 

resources or funding support. 

• Read pages 52-55 before completing this activity. 
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• List of relevant existing plans to be reviewed to identify co-purposes: 

 

To get a broader context of the area in question relevant plans, reports and projects 

should be reviewed to ensure that synergies are identified and considered. Examples 

include site-specific planned infrastructure upgrades, city wide sustainability strategy, 

green strategy, or other strategies with identified ambitions relevant for the site, school 

reports, crime reports, etc. that gives an indication of the state of affairs in the area. 

 
➢  

 
➢  

 
➢  

 
➢  

 
➢  

 
➢  

 

• List of stakeholders to interview and/or engage with to map potential co-purposes: 

 

To develop true multi-functionality, we need to open up conversations and planning to 

stakeholders we would otherwise not have included in the climate adaptation planning 

– who would you include? 

 
➢  

 
➢  

 
➢  

 
➢  

 
➢  

 
➢  

 

 
• Based on A and B create (with relevant decision-makers) a co-purpose mind-map or 

prioritized list and decide on realistic and relevant co-purposes to include in your 

planning and design process: 
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➢  

 

➢  

 

➢  

 

➢  

 

➢  

 

➢  
 

 

Part C: Quantify and finance prioritized list 

 

Many socio-economic aspects are difficult to quantify, but we need to be able to measure our 

success. How will you measure your success on the prioritized co-purposes? Income levels? 

Number of people using the adjacent park? In the table below, fill out the second column with 

units you could use to quantify your success. 

 

Who should pay for what? How would the financing model look if you exclude the co-benefits 

and if you include? In the table below, fill out the third column with potential co-financers. As 

a guide, it may be useful to identify the benefiter. 

 
 

Prioritized co-purposes Unit Co-financer/benefiter 
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Activity #16: Prioritization of projects 
 

 

Once a climate change adaptation strategy for an area is clear, designing and planning of 

projects may begin. As the design of climate adaptation projects is highly dependent on the 

site and municipal mechanisms, designing and planning of projects happens at a much more 

detailed scale and is out of scope for this guide. This activity, however, is included as it may 

also guide some of the political discussion on determining a level of service, e.g. “All climate 

change adaptation projects must be flexible and easily allow incremental implementation 

later” or “All projects must support at least three of the UN’s Sustainable Development Goals”. 

However, in order to make full use of the list several (pilot) projects need to be analyzed 

beforehand, and therefore this activity may not be applicable for municipalities in the early 

stages of climate change planning. 

 

Part A: Use this prioritization criteria checklist to prioritize between projects 

 

Effectiveness 

 

□ It is able to meet the objectives and the guiding principles of the adaptation 
process (e.g. reducing impacts, reducing exposure, enhancing resilience or 
enhancing adaptive capacity) without impeding adaptation elsewhere or in the 
future 

□ It is appropriate with respect to the severity of climate change impacts the 
options would address relative to other impacts expected in the community 

□ It is cost-effective 

Efficiency 

 
□ The (economic and non-economic) benefits gained from the action exceed 

the (economic and non-economic) costs of the implementation 
□ It considers benefits in terms of economic, social and environmental costs 

Equity 

 

□ It distributes the benefits of adaptation equally across society 
□ It considers the effects on vulnerable groups, including economic, social, 

cultural and knowledge distribution considerations 
□ It helps allocate risks in a fair manner in social terms 
□ It is able to bring advantages for broad parts of society 
□ It tackles threats for old, chronically sick and poor people 

Activity At-A-Glance 

• The purpose of this activity is to support in the prioritization between multiple 

climate adaptation projects based on criteria of interest to municipalities. 

• The outcome of this activity can be used to inspire discussion and next steps 

for additional analysis and implementation of climate adaptation priorities. 

• Read pages 57-58 before completing this activity. 
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Flexibility 

 

□ It allows easily adjustments and incremental implementation later if (climate 
and non-climate) conditions change again or if (climate and non-climate) 
changes are different from those expected today 

□ It can be adapted, revised or made undone at low cost 
 

Sustainability, Impacts and Side-Effects 

 

□ It is sustainable and contributes to sustainability 
□ It avoids the so-called maladaptation (e.g. to avoid introducing perverse 

effects, to avoid limiting future adaptation) 
□ It brings benefits in terms of alleviating pre-existing problems (No-regret) 
□ It entails co-benefits for other social, environmental or economic objectives 

(e.g. to help reduce social inequality, to decrease energy demand, to help 
raising resilience of ecosystems services, etc.) 

□ It avoids affecting other sectors or agents in terms of their adaptive capacity 
□ It avoids causing or exacerbating other environmental pressures 
□ It has the potential role in protecting unique environmental or cultural 

resources 
□ It should not limit the adaptive capacity of other communities, vulnerable 

populations, or future generations 

Acceptability 

 
□ It is culturally, socially, environmentally and politically acceptable 
□ It is accepted by those affected and by stakeholders 

Urgency (Time Scale, Time-Lag, Lifetime) 

 

□ It is needed in case of high danger of significant impacts in the near future 
□ It is appropriate in terms of timescale actions need to be taken with respect to 

the expected climate change impacts (e.g. short, medium and long-term 
climate change impacts) 

□ There is a unique “window of opportunity” for implementing a particular action 
□ It likely become costly (e.g. large and long-lived infrastructure projects), 

difficult to implement (e.g. spatial planning for nature conservation) or 
redundant (e.g. raising awareness) when postponed, and it therefore should 
be undertaken immediately (due to long time spans before they take effect). 

□ The consequences of not acting are higher compared to the degree of risk in 
acting 

Coherence (External & Internal) 

 

□ Is it aligned to the EU Adaptation Strategy and other sectoral policies? 
□ It is coherent and support other development goals and priorities (including 

mitigation), and not just a “bolt-on”. 
□ Is the measure aligned with other local sector policies? 
□ It is coherent with policy, investment, maintenance and other planning cycles 
□ It includes potential conflicts and synergies within and across sectors 
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Robustness 

 

□ It reduces vulnerability under current climate, low-regrets, incorporate safety 
margins, mindful of actions by others 

□ It is robust under different climate scenarios and different socio-economic 
scenarios 

□ It is robust to changes in the frequency or severity of specific climate impacts 
□ It reflects the range of uncertainty if the climate change is not the expected 

one (e.g. no regret measures) 

Dependencies 

 
□ It complies with actions, legislation, regulatory framework, incentives, 

investments, externalities, etc. that are needed as pre-requisite to 
implementation 

Deliverability and Feasibility 

 
□ It is easily and quickly feasible in legal, technical, social, institutional, political 

and financial terms and the barriers, when existing, can be overcome 

 

Part D: Based on a risk assessment of baseline scenario and plan scenario, evaluate the 

avoided risk, construction costs (CAPEX), and maintenance costs (OPEX) of a project. 

Calculate the benefits by subtracting the costs from the avoided risk. Rank projects from 

maximum benefits to minimum. 

Project CAPEX OPEX 
Avoided 

risk 

Benefit 

(avoided risk -

costs) 

Score 

      

      

      

      

      

      

      

 

Note that a cost-benefit analysis may be useful in prioritizing between different project areas, 

but is also particularly useful when prioritizing between different initiatives for the same area. 

E.g. choosing between protecting an area from storm surge with a storm surge gate vs. a 

dike. The CBA identifies the project where benefits are maximized. 
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Step 6: Continuous 

Learning and 

Improvement 
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Activity #17: Selecting performance indicators 
 

 
Indicators are used to determine the status of an expected result using quantitative or 

qualitative measures. The comprehensiveness of the indicators that your team develops will 

determine the degree to which the effectiveness of the actions that have been implemented 

can be measured. The process of selecting indicators clarifies the expected results. 

Indicators provide a measurable basis for project monitoring and evaluation. The selection of 

indicators should include stakeholder inputs to ensure that the targets reflect the needs of 

the beneficiaries. 

 

Part A: Determining the sought results can be done via a results analysis, whereby the issues 

identified in the situation analysis are transformed into results, i.e. future solutions to the 

problem. Resulting analysis: 

• Provides a picture of the future 

changed state, 

 

• Identifies means–ends relationships 

between positive statements, 

 

• Facilitates the identification of 

solutions that are implementable, 

draw on lessons learned, and are 

promising (innovations, and new 

approaches to old problems), 

 

• Helps stakeholders document what 

will be required to achieve the 

changed state and what needs to go 

into planning the change. 

The results analysis can be visualized in a diagram referred to as a “results tree”. 

 

  

Activity At-A-Glance 

• The purpose of this activity is brainstorm and identify potential performance 

indicators for tracking and ensure each have SMART goals established.  

• The outcome of this activity can be used in support of developing a monitoring, 

evaluation and learning (MEL) approach and plan. 

• Read pages 59-61 before completing this activity. 
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Part B: Each indicator must have a baseline and a target. The baseline is the most recent 

status of performance while the target represents the planned level of achievement.  

Indicators should be “SMART”. The following checklist can be performed on selected 

indicators to ensure that they are indeed “SMART” (see below). 

• Specific: Relate to and describe in detail the outputs or outcome the project seeks to 

achieve 

• Measurable: Stated in quantifiable terms 

• Achievable: Realistic in what is to be achieved 

• Relevant: Useful for management information purpose 

• Time-bound: Stated with target and baselines, both with dates 

Indicators should also measure and express quantitatively various dimensions of a result, 

such as presented in the following checklist. 

 

Validity 

□ The indicator clearly and adequately measures the result it intends to measure (if it is a 
proxy, is it an appropriate proxy?) 

□ The indicator reflects the right level in the Results Framework or Logic model (not 
higher or lower). 

□ The scope of the indicator matches to the scope of the result (e.g., it measures the 
same population affected by the intervention) 

□ The data from this indicator will not be biased in a particular direction. 

Reliability 

□ If indicator data collection is repeated by a different data collector, it will result in the 
same value of the indicator. 

□ The indicator data will be collected consistently over time and across locations. 

Timeliness 

□ Frequency and timing of indicator data collection is useful for management decision 
making.  

□ Indicator data is unlikely to be delayed. 

Precision 

□ The indicator is precise enough to measure expected changes and permit 
management decision making. 

□ The margin of error of indicator data will be less than the expected change being 
measured. 

Integrity 

□ The collection of indicator data is not conducive to manipulation or transcription errors. 

Cost 

□ The indicator is worth the management and financial resources required to collect and 
analyze the indicator data. 

Disaggregation 

□ The indicator includes appropriate disaggregates, such as gender, age, and location, 
that are important for monitoring. 
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Indicators should be evidence-based, and where possible existing indicators should be used 

in order to reduce the time and costs required to collect data. This includes indicators for 

which data are already collected by government agencies, academic institutions, civil society 

organizations, and other sources. However, as the primary function of the indicator is to 

measure the result, indicators should not be selected on the sole basis that they already exist.  

Furthermore, in order to monitor progress towards resilient adaptation a combination of both 

process-based adaptation indicators and outcome-based indicators are required. 

• Process-based adaptation indicators, are designed to monitor the progress in 

implementing adaptation measures (building adaptive capacity); 

• Outcome-based indicators are designed to measure the effectiveness of adaptation 

policies and measures in achieving the desired outcomes (delivering adaptation 

actions). 

 

A process-based approach considers adaptation as a decision process, rather than a specific 

action or a series of outcomes. Through application of process-based adaptation indicators, 

decision makers will be enabled to align and prioritize actions on the basis of the communities 

needs and priorities in relation to underlying risk and vulnerability drivers. An example of a 

process-based adaptation indicator is the ‘degree and quality of participant involvement in 

adaptation decisions’. 

 

An outcome-based approach aims at measuring the effectiveness of an adaptation measure. 

In this case adaptation means building specific capacities, reducing a specific vulnerability, 

managing some risks, or exploiting a particular opportunity. The emphasis is then on evidence 

of change, rather than on the processes through which change occurs. An example of 

outcome-based indicator is the ‘change in degree of exposure to climate risks and threats. 

 

Part C: Upon indicator selection it is important to thoroughly document the rationale for such 

selection. Beyond fostering transparency, such documentation efforts will help to clarify 

details or reveal any gaps in the indicator definition and data collection methods. Indicator 

selection rationale should be documented in the MEL plan. 

 

Part D: Refinements to performance indicators when moving from planning to 

implementation are common. Once collection of performance indicator data officially begins, 

unexpected obstacles to efficiently collecting the data may lead to revisions in data collection 

procedures. Furthermore, during implementation input from implementing partners may 

prompt the reconsideration of selected indicators and their definitions. Developing a process 

that periodically solicits feedback and input from implementing partners and other 

stakeholders will ensure the indicators stay relevant and are useful for management 

purposes. Decisions to refine, add or drop an indicator should be, taken carefully and 

documented adequately in the MEL plan. 
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Appendix 2: Visualizing the Roadmap - A Case Study in 

the City of Windsor 
 

Context and Background Information 

To “test drive” key steps of the RPWCO Roadmap, a flooding scenario was identified to 

enable the theory behind the roadmap to be visualized and illustrated in a “practical” sense. 

A neighbourhood-level risk assessment recently completed in the City of Windsor was 

identified to meet this need, and to demonstrate how the roadmap can add value when 

considering spatial priorities and when considering priority setting to inform master planning 

initiatives. 

 

In 2019, the City completed a detailed flood risk assessment along Riverside Drive East and 

further inland (see the image below for a visualization of the study area). This area has 

historically been protected by a dike system that was constructed in the 1980s. 

 

 
 

The risk assessment was completed to evaluate the integrity of the existing dike system and 

surrounding assets to determine whether the original design criteria could withstand current 

and future flood levels. The flood risk assessment followed the logic of the Public 

Infrastructure Engineering Vulnerability Committee (PIEVC) Protocol and focused largely on 

current and future lake levels from Lake St. Clair and the Detroit River. 
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Quantitative climate model information was used to estimate instantaneous water levels 

historically (1:100year), in 2030 and 2050. The future time horizon out to 2050 was selected 

to allow for the planning of future dike improvements without committing the City to overly-

conservative design parameters in the short- to medium-term.  However, it was 

recommended that this assumption be reviewed and re-evaluated sometime around 2030. 

The following figure illustrates high water levels based on current (2018), current 100-year, 

and 2050s future 100-year conditions. 
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The impacts of higher water levels were then characterized on assets and properties at risk. 

Under current water levels (based on 2018 data), the existing dike system with some 

emergency modifications is currently protecting the properties to the south. Under the 100-

year instantaneous high water level, sections of the existing dike would be exceeded and key 

assets in the neighbourhood, such as the Little River Pollution Control plant, may be impacted. 

By the 2050s, the majority of the dike would be breached and numerous properties flooded, 

including the Little River Pollution Control Plant that would be impacted. 

 

The City of Windsor risk assessment identified that some key infrastructure is particularly at 

risk, including the Little River Pollution Control Plant, two vital pumping stations and Lakeview 

Marina. Adaptation actions, and financial losses if no actions occur, were also determined. 

Results from this assessment are now being incorporated into the City’s Sewer Master Plan. 

The following sections align with the RPWCO Roadmap steps 2 through 4, and describe using 

visual results how the activities in Appendix 1 can support resilience momentum building. 

 

Step 2: Taking Stock - Identifying Assets in Scope of the Case Study  

To narrow the scope the flooding scenario case study, the project team began by taking 

stock of available information and completing a rapid inventory of assets of interest to 

analyze.  

 

Activity #5 of Appendix 1 was completed as a theoretical example to illustrate how its logic 

can enable decision points around what assets can be considered “in scope” compared to 

those whose data may not be sufficient or digitized to be included. Notably, the project team 

did not engage municipal staff to confirm these decisions due to time constraints, but 

interpreted results based on past municipal experiences. Recall from Step 2 of the roadmap, 

data completeness and confidence can be assessed using a rating system based on the 

following: 

• High (almost or >90% completely digitized and mostly accurate and 

validated/undergone ground truthing); 

• Moderate (somewhat digitized between 50 to 90% and somewhat accurate spatially 

such that staff trust the collection or source of data); or 

• Low (mostly or <50% not digitized and inaccurate or in need of validation/ground 

truthing). 
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RPWCO Roadmap Activity #5 - Municipal Asset Inventory and Scoping Risk Assessment Themes 

 

Assessment 

Theme 

Asset / 

Asset 

Category 

Data Status 

/ Source 

Available 

in GIS? 

Level of 

Completeness 

for Digitized 

Data 

Level of 

Confidence 

for Digitized 

Data 

Existing 

Status – 

Critical or 

Assessed? 

Decision 

Point  

East Riverside 

Flood Risk 

Assessment 

Arterial 

Roads 
GIS Staff  Yes HIGH  HIGH  

Not evaluated 

as part of 

case study  

In Scope 

East Riverside 

Flood Risk 

Assessment 

Marina  GIS Staff  Yes HIGH  HIGH 

Not evaluated 

as part of 

case study 

In Scope 

East Riverside 

Flood Risk 

Assessment 

Pollution 

Control 

Plant 

GIS Staff  Yes MODERATE MODERATE 

Not evaluated 

as part of 

case study 
In Scope 

East Riverside 

Flood Risk 

Assessment 

Pumping 

Stations 
GIS Staff  Yes HIGH  MODERATE 

Not evaluated 

as part of 

case study 
In Scope 

East Riverside 

Flood Risk 

Assessment 

Private 

homes 

Ortho-

interpreted 

imagery 

Yes MODERATE LOW 

Not evaluated 

as part of 

case study 

Out of 

Scope 

East Riverside 

Flood Risk 

Assessment 

Natural 

systems 

Ecological 

land 

classification 

(ELC) 

Yes HIGH  LOW 

Not evaluated 

as part of 

case study 

Out of 

Scope 
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Based on discussions among the project team, City of Windsor staff, RPWCO and the activity 

completed above, the following were identified to be “key assets” in scope of the case study. 

Each is identified numerically in the figure below:  

1. Little River Pollution Control Plant 

2. East Marsh Pump Station 

3. St. Paul Pumping Station 

4. Lakeview Marina 

5. Arterial roads  

 
 

Step 3: Climate Scenario Analysis 

Once case study assets were defined in Step 2, climate data and projections were discussed 

among RPWCO climate change subcommittee members to visualize how projections could 

be obtained for future similar analyses. Notably, the City of Windsor’s risk assessment had 

already undergone significant detailed climate change and flood modeling and so no detailed 

interpretation or analysis was undertaken.  

 

Activity #7 of Appendix 1 was completed (see the following pages) to identify and confirm 

what climate parameters may be needed to replicate a similar analysis to Windsor’s flood risk 

assessment and to begin interpreting data for use in risk assessment. 
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RPWCO Roadmap Activity #7: Climate Parameters Checklist 

 

Part A: All of the following climate parameters are typically available for free on open source, 

government supported climate data portals. Begin by identifying if certain climate parameters 

could be useful for your municipal applications. 

 

Climate Parameters 

Important for your 

municipality or 

asset(s) in scope?  

Mean Temperature  Yes 

Minimum Temperature  Yes 

Maximum Temperature Yes 

Hottest day (highest maximum temperature) No 

Coldest day (lowest minimum temperature) No 

Frost days (days where minimum temperature < 0°C) No 

Cooling Degree Days (indication of A/C required to maintain 
building temperatures in warm months) 

No 

Tropical nights (where minimum temperatures >18°C) No 

Days with minimum temperature < -15°C No 

Days with minimum temperature < -25°C No 

Days with maximum temperature > 25°C No 

Days with maximum temperature > 30°C No 

Growing Degree Days (indication of whether plants can grow 
based on climate conditions) 

No 

Heating degree days (indication of heat required to maintain 
building temperatures in cooler months) 

No 

Ice Days (days where maximum temperature < 0°C) No 

Max 1-day precipitation Yes 

Days where precipitation >1mm Yes 

Wet days where precipitation >10mm Yes 

Wet days where precipitation >20mm Yes 

Total precipitation Yes 
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Part B: The following climate parameters are typically not available on open source, 

government supported climate data portals. This may be because of the inability for climate 

models to accurately project them in great detail, or it may because portals require greater 

investment to derive these across a geographic area due to time-intensive analyses. 

Climate Parameters 

Important for your 

municipality or 

asset(s) in scope?  

Future intensity-duration-frequency curves Yes 

Average windspeed  Yes 

Extreme wind gusts  Yes 

Relative humidity No 

Specific humidity No 

Snow cover and/or snowpack depth Yes 

Drought index or growing season moisture index No 

Ice storm potential No 

Future extreme rainfall events or days with customized 
thresholds (e.g., >80mm of precipitation falling in a day) 

Yes 

Back-to-back climate events occurring (e.g., extreme rainfall 
event during the winter season) 

Yes 

Sub-daily (e.g., hourly) conditions for any climate parameter No 

 

Are there any additional climate parameters missing from those identified above that you 

might need?  

• Future lake levels (modeled) 

• Confidence levels for future projections used  

 

To characterize a relevant flood scenario, RPWCO members then completed Activity #8 of 

the roadmap to describe a climate scenario of relevance to the East Riverside 

neighbourhood. The following captures a high level example of the Activity #8 template 

completed for the case study. In a risk assessment, there would typically be multiple 

scenarios, and these would be described in detail through analysis and reporting.  
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RPWCO Roadmap Activity #8: Climate Scenario Preparation 

 

Part A: Characterization. What are the main issues or challenges your municipality faces in 

relation to climate? Consider: anecdotal evidence. How has weather and climate already 

impacted or challenged current management actions or objectives? Have new stresses 

emerged only recently being observed (e.g., invasive species, new heat stress across 

watersheds, pressures related to hosting extreme weather evacuees or noticeable climate 

migration in population)?  

 

The City of Windsor’s  East Riverside neighbourhood has faced high water levels over recent 

years due to saturated watershed conditions and higher than average precipitation trends 

across the Great Lakes basin as a whole. As a result, historical impacts have been widespread 

but included flooding of properties, basement flooding and damage or degradation of coastal 

assets. One such example is the Lakeview Marina, which was flooded in 2019 and has since 

been under re-construction. Planning for future high-water levels is uncertain, but shoreline 

properties and arterial roads (e.g., emergency access or evacuation routes) are particularly at 

risk 

 

Part B: Future Scenarios. Will your municipality need to compare future scenarios of 

emissions (or radiative forcing) to account for multiple futures and a wider range of 

uncertainty in the planning process? If no, use the RCP8.5 (business as usual scenario). 

 

Select one:                Yes                         No  

 

Part C: Future Time Horizons. 

 

Will you be using climate scenarios to inform infrastructure design and/or a process that 

is tied to an asset’s design life?  

 

Circle one:                Yes                         No  

 

If no, the authors recommend that your municipality use multiple future time horizons to 

develop scenarios and include at least historical, short- and medium-term data to account for 

the planning process. Identify the future scenarios being used and any necessary caveats: 

 

Quantitative climate model information was used to estimate instantaneous water levels 

historically (1:100year), in 2030 and 2050. The future time horizon out to 2050 was selected 

to allow for the planning of future dike improvements without committing the City to overly-

conservative design parameters in the short- to medium-term.  However, it was recommended 

that this assumption be reviewed and re-evaluated sometime around 2030. The following 

figure illustrates high water levels based on current (2018), current 100-year, and 2050s future 

100-year conditions. 
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Part D: Structure Your Scenarios. 

 

Scenario Name: Coastal Flooding 

 

Theme (E.g., Extreme Rainfall): High instantaneous water levels causing coastal flooding. 

 

Will this scenario be quantitative only, or include qualitative characterizations?  

 

The climate data applied in the risk assessment was quantitative (via lake level modeling) and 

qualitative where potential impacts and consequences of the hazard were described. 

 

At a high level, what impacts could this scenario have?  

 

The impacts of higher water levels were characterized on assets and properties at risk. Under 

current water levels (based on 2018 data), the existing dike system with some emergency 

modifications is currently protecting the properties to the south. Under the 100-year 

instantaneous high water level, sections of the existing dike would be exceeded and key 

assets in the neighbourhood, such as the Little River Pollution Control plant, may be impacted. 

By the 2050s, the majority of the dike would be breached and numerous properties flooded, 

including the Little River Pollution Control Plant that would be impacted. 

 

To support this component of Activity #8, RPWCO climate change subcommittee members 

reviewed the following table of Windsor’s historical and future climate parameters and 

identified the qualitative likelihood of occurrence (e.g., almost certain, likely, possible, unlikely 

or rare) of the following scenario under historical and future conditions. 

 

If Windsor receives more winter precipitation leading to “rain on snow” events and winter 

flooding, then this could worsen the quality of water and overwhelm capacity at the Control 

Plant. As a result, excess (untreated) water may need to be released causing environmental 

degradation. 

 

Parameter Historical 
Future 

(2050s) 

Winter precipitation 189mm 207mm 

Total precipitation 918mm 994mm 

1:10 year storm 25% increase 

1:100-year storm 40% increase  

Water temperature 25.1°C 28.8°C 

Water levels (100yr) 176.5m 176.8m 
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Step 4: Assess and Prioritize 

The final step of the case study involved interpreting climate information towards assessing 

vulnerability, risk and ultimately determining spatial priorities across East Riverside in the City 

of Windsor. The following section demonstrates a ‘rapid’ workshop-driven assessment, which 

in practicality would require more detailed engagement, numeric analysis, ground-truthing 

and justification prior to determining or identifying adaptation actions. The following analyses 

and visuals are aligned with completing Activity #11 in the RPWCO Roadmap.  

 

RPWCO climate change subcommittee members first analyzed asset vulnerability. As part of 

a workshop, it was discussed whether a weighting system should be used as part of analyzing 

asset vulnerability. The roadmap suggests that each asset identified in Step 2 should be 

considered based on two main factors: 

• The extent to which people (residents) are dependent on the asset; and 

• The extent of damage an asset may experience should it be flooded. 

 

Ultimately, the dependency people have on each asset was weighted twice as much as asset 

damage. This was done to capture social elements into the analysis, and to emphasize the 

importance of critical services being provided by some assets over others. The following 

figure identifies the result of this analysis, with the Little River Pollution Control being 

identified as having the most people dependent on it, and the pump station as having the 

most damage should it be flooded. Of course, this result will look different for each 

municipality, their size and geographic contexts, the hazard being identified and their 

respective priorities. 

 

 

  

1. Little River Pollution Control 

Plant: 16 

 

2. Pump Station: 15 

 

3. Marina: 4 

 

4. Arterial Roads: 2 
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Relative asset vulnerability was then overlaid spatially with the coastal flood hazard in East 

Riverside, to identify where the assets are located, and the extent to which they may be 

flooded under the current 100-year high lake levels, and the future (2050s) 100-year high 

lake levels. Each asset is assigned the vulnerability score determined based on the analysis 

above, and whether it is exposed to flooding (assigned 1) or not (assigned 0). The product of 

vulnerability and exposure in this case identifies the relative consequences should an asset 

be flooded.  

 

Current 100yr flood event 

 

Future (2050s) 100yr flood event 

 

Considering current conditions compared to future (2050s) conditions, it is clear that more 

assets may be flooded due to increasingly high lake levels. As a result, the potential 

consequence scores across East Riverside rise. The project team then expressed these 
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results in a different manner to enable the consideration of spatial priorities. The following 

two figures illustrate the East Riverside neighbourhood again, broken into 1km x 1km grid 

cells. Each is colour-coded based on the total sum of asset vulnerability scoring within that 

particular 1km2 vicinity (e.g., red being the highest potential priority, followed by orange, yellow 

and then no colouring).  

  

Current 100yr flood event 

 

Future (2050s) 100yr flood event 

 

Within the East Riverside neighbourhood, the area surrounding the Little River Pollution 

Control Plant could be understood to be the highest current and future priority to implement 

potential adaptation actions, which could be built into subsequent master planning processes 

or other scopes of work. Similarly, the area in the vicinity of both pumping stations can be 

flagged to consider adaptation actions given their relative vulnerability and potential 

consequences as future high water levels continue to change.  
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Ultimately, this rapid vulnerability analysis can provide a quick understanding of how spatial 

priority setting can take place. Other factors, in addition to the number of people dependent 

on each and the degree to which an asset would be damaged, can also be added as risk 

assessments are scoped and developed. For example, considering the extent to which 

greenspace could attenuate flooding particularly in and around the Little River Pollution 

Control Plant could be of interest for some municipalities. Ideally, next steps should be 

determined in consultation with a municipality’s climate adaptation project team and advisory 

committee developed to guide infrastructure and systems-related adaptation initiatives (refer 

to the RPWCO roadmap Step 1). 

 

Finally, the project team undertook an example of costing analyses to demonstrate the 

importance of diving deeper as it relates to undertaking vulnerability analyses and enabling 

the creation of business case development (see Step 5 of this Roadmap).  

 

It is important to note that the following numbers are theoretical, and did not actually occur 

in the City of Windsor. Specifically, the project team identified a pollution control plant in the 

City of Thunder Bay that incurred $58million in damages as a result of a 2012 flooding event 

and have applied these numbers conceptually to demonstrate how the roadmap can enable 

priority setting.  

 

Based on a theoretical impact of $58million of damages at the Little River Pollution Control 

Plant, the following two figures illustrate that expected annual damages (EAD) will likely 

increase as storms become more frequent moving out to mid-Century (2050s). EAD is the 

expense that would occur in any given year if monetary damages from the flood hazard 

probabilities and magnitudes were spread out equally over time. Notably, this does not 

necessarily mean that each year will produce the exact same cost of damages from flooding. 

In reality, some years have higher damages and others have very little. 

 

As this example demonstrates in the East Riverside neighbourhood, under current high water 

level conditions, the Little River Pollution Control Plant could expect to see $7million on 

average in annual damages now, but this could increase to upwards of $35million annually 

due to future climate conditions.  

 

The integration of this costing information, while theoretical in this case study, can provide 

excellent clarity for senior decision makers and council. Therefore, municipalities are 

encouraged to consider what the ideal outputs of their process look like, and what might be 

the most persuasive method to obtain future investments moving forward (Step 5 of the 

roadmap provides further guidance on this concept and securing municipal support).   
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Current 100yr flood event 
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Future (2050s) 100yr flood event 
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