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was involved in scoping, brainstorming and refining the content contained in the guide and activity workbook.
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part of this roadmap:
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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 syste ms
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:

1 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 );

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

Define optimum level of service for climate adaptation; and

1 Prioritize a course of action.

=

To access a series of webinar training videos narrated by the roadmap authors and
accompanying presentation materials , ple ase refer to the RPWCO website:  www.rpwco.ca



http://www.rpwco.ca/

Importantly, A ppendix 1 contains seventeen valuable activities that build off the guidance provided in this document
and demonstrate Ohowo aloogthe madmape Appendixi2 provelds @ pysthesis of a case study
analysis completed for a neighbourhood in the City of Windsor to illustrate thr ee 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 typ ically 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 i nfrastructure 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 Odeep
deeper the analysis, the g reater 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 path way (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 avail able 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.



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 service s 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 spec  ific 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 impa cts 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

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

Municipal prioritization in Step 4, target a municipal mechanism to influence and communicate the risks
Support of Odoing nothingo through visuals and il |l usit
Step 6: R _— : . . L
Continuous High Risk Areas and Priorities: Prior to specific implementation, establish a monitoring,
Learning and evaluation and learning plan and identify key performance indicators to prepare for continuous

g evaluation and learning.
Improvement




By implementing the steps and activities provided in this process, the RPWCO climate resilience roadmap can help a
municipality:

T

=

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 c limate 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;

Pr i o r mostiatzrsko@ Qeast-at-risko 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 munici  palities 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

/Recommendations At -A-Glance

progress along this roadmap.

\ committee and stakeholders .

1 Check with your municipal planners to avoid duplication of efforts on climate adaptation
71 Do not skip forward to a further step without ~ completing Activity #3 toidentify y our muni ci pa

1 Create a diverse, cross -departmental infrastructure -focused core team .
1 Clearly identify roles and responsibilities in a terms of reference for your team members, advisory

~

)

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
consisten cy 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

Create Your
Team and

@
- Advisors
Identify Your ‘
Stakeholders

Key Components in Beginning an Adaptation Process

Establish
Guiding
Principles

?

Assess Your
Adaptation
Maturity
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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 an d 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, especi  ally given that cost s 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 lprovides a process to identify
important municipal staff across departments as part of a project team and advisory committee. Consider the following
guestions 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 representat ion from municipal o peration and maintenance ? (These staff
have useful insight from dealing with on -going climate impacts ).

10



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 an  d 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 theme s 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
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https://www.thunderbay.ca/en/how-earthcare-works.aspx

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 Oadaptati on erhatrisr ittoy @, muamiiach pral i tyns institut
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 activit ies 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 1based on
their e xperience.

Activity # 3 in Appendix 1focuses 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 Tip: Think beyond typical
The next stage when beginning to adapt infrastructure in light of stakeholders. Are there
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

unconventional allies you can
engage to help push forward your
agenda?

12



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.

= =4 4 4

Stakeholders have different interests an d influences when undertaking an adaptation process related to
infrastructure . For instance, if an upper tier municipality i s 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 stakehold er 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 part
change over time. It is also expected that the stakeholder s 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 .

13



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

CATEGORY 4

"The Influencers”

CATEGORY 3

Level of Influence

"The Recognized"

CATEGORY 1

"The Must-Haves"

High Influence - Low Interest High Influence - High Interest

CATEGORY 2
"The Opftionals™

Low Influence - Low Interest Low Influence - High Interest

-

Categorizing Municipal Stakeholders

Level of Interest
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capacity to
participate (e.0.,
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.



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.

Open Question & Answer Period
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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 r eport can be found online here .

- m—’l—u"



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

2. Taking Stock: Municipal Asset Inventory

/Recommendations At -A-Glance \

1 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).

T Align the Othemeso of a risk assessment. with the
1 Identify addi t i on al themes that may not be Oownedo muni
capture (e.g., social systems, cultural heritage, energy systems, etc.).
1 Scope your infrastructure resilience efforts to focus only on critical assets across your jurisd iction, or
\ elevate assets known to be more important to residents . /

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 doneina n 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 o f 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 analy ze risk,

one needs to scope and identify what risk assessment themes are Tip: Align your efforts with your municipal
relevant to them to ensure a systematic process is undertaken. asset management staff. Consider ECM
These themes can look different depending on the municipality resources related to integrating climate
and the priorities of who is leading the process. change into levels of service.

17


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

Some examples of themes are provided below:

Emergency Services
Stormwater Infrastructure
Natural Systems
Transportation
Transit, etc.)
Municipal Buildings
Water and Wastewater

= =4 4 2

(Roads, Fleet,

= =4

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 ap propriate (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 delive ry for a particular asset type:

Community expectations

Legislative requirements

Policies and objectives

Resource availability and financial constraints

= =4 -8 A

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

18


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 CB A 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

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 sup porting 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 ex  haustive:

1 Government Services : court houses, police stations, detention centers, post office , distribution centres ,
emergency operations buildings, townhalls , universities, daycare, primary and secondary schools

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

1 Transportation and Transit : bridges, airport, rail corridors for shipping and passengers, transit
infrastructure, bus and subway stations, regional and potentially local roads

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

1 Waste : landfill, tipping facilities , sanitation facilities

1 Natural and Cultural Assets : protected natural areas or assets designed for flood storage, areas of
cultural significance such as museums

20



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 alre  ady? 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, cons ider 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

Elevating these assets to receive additional assessment as part of the risk assessment described in st ep
4 of the roadmap .

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 prog rams where applicable,

suchas Publ ic Safety Canadans Re s i EmegencyeMaragesmens @Gntakon?}.

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-nfrstretr/crtcl-nfrstrtr-rrap-en.aspx

2 https://www.emergencymanagementontario.ca/english/emcommunity/ProvincialPrograms/ci/ociap strategy.html

21
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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

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 :

Assessment . q

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 A but you would have a confirmed un derstanding of the spatial breadth
and depth of the assessment that will be needed across your municipality.

22



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
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 i nf or mat i ohot spossoi d ®n i inff yresi@nce preritiesa |




3. Climate Scenario Analysis

Recommendations At -A-Glance

1 There is no need to obtain climate data if your municipality already has trends and projections
developed in the last 5 years A check with other municipal staff working on climate change.

1T Before obtaining climate dat a, Il denti fy the ap
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 .

1 Obtain climate data tailored specifically to the municipal application in your scope (i.e., use
guantitative numbers and time -series for modeling and detailed risk assessment, or qualitative trend s
for policy changes and high -level risk assessment) .

1 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.

9 Obtain climate data for all future time horizons (short term, mid  -century, end of century A 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 hori zc
stormwater infrastr ucture use end of century, for roads use mid -century).

1 Us e (Cleate OataforaResilientCanada ¢ portal i f your municiopald@i
assessment .Ontékis ElimatehCmta Rrtal 0 by Yor k University if
undertake a Odetailedo assessment and is partic

lake-influences.
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https://climatedata.ca/
http://lamps.math.yorku.ca/OntarioClimate/

A) Scope Your Climate Information Needs and ldentify Sources of Information

Climate information and scenario planning are mentioned frequently as part of undertaking a robust adaptation
process. However, the level of complex ity involved to scope, access, an alyze 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 di ~ ffers. 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 A timeseries

Hazard mapping and risk assessment Quantitative A timeseries
Community health program criteria changes (e.g., heat warning thresholds) Quantitative A average conditions
Climate -adjusted revenue forecasting Quantitative A timeseries

Public awareness campaigns Qualitative

Educational materials and future stories and narratives Qualitative

Seasonal services and staff scheduling Quantitative A average conditions
Floodplain modeling Quantitative A timeseries
Updating intensity -duration -frequency (IDF) curves Quantitative A average conditions
Watershed modeling incorporating future climate scenarios Quantitative A 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 Ot y p i iofarin thgiravork . 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 Tip: The Canadian Centre for
listed in the table above (e.g., policy wording updates and to run Climate Services (CCCS) offers a
impact models), it would be valuable to obtain a combination of both Ocl i mat e services
quantitative and qualitative information to enable  your ability to phone and email to ask questions
inform numerous initiatives. Always ensure that the advisory related to access, application and

committee and appropriate stakeholders (categorizedin ~ Step 1) are
involved in scoping the climate information needs.

use of climate scenarios.

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 1at 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.
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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

Able to leverage existing You require climate parameters \
municipal climate trends from the not readily available on open

last 5 years (if they exist). source government data portals
(see Activity #7 to identify this).

©
)
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©
—
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Able to download and use open

source government data portals You require external expertise to
for all your climate information analyze or derive locally
needs (see Activity #7). customized data, incorporating

lake-effect conditions, etc.

Interested only in qualitative or

semi-quantitative risk scoring You want to run quantitative
based one expert judgment, models to estimate the extent of a
rather than hazard modeling. hazard, or undertake detailed risk

K assessment.

O
@
—+
Q.
®
Q

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.

27



1.1 f you are undertaking an Og@BlomateDae fomatResdient Careadahow apyo, r tuasl e;

t he

2.1 f you are undertaking a Ootbie Clianatd Datd Bortg) @t dwag) opee blye YOTr k

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 (ideall y 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 trend s analysis, rather than historical characterization. However, the
latter is critical towards understanding and incorporating concepts such as lake -effect precipitation patterns, spatial
variability acr oss yaphicrareansignmificanti tppagraphicfegtsres that shpuld 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 o f climate data analysis , it is a common approach
to compare future trends alongside changes with those already observed, andto Owe av e t o gimerpheehow
climate impacts projected in the future may manifest based on historical knowledge.

4 = :
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https://climatedata.ca/
http://lamps.math.yorku.ca/OntarioClimate/

Charac terizing 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.

Yor k Regionns <climate tren
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

C) Prepare and Obtain Future Climate Projections

Following the completion of Steps 3A and 3B, it is now time to obtain future climate projections.
1 provides a process to document climate impacts and hazards of concern for your
confirm specific details prior to downloading climate information

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

Appendix 1will also assist you to document the climate forcing scenario of interest. The authors recommend the u
of business-as-usual scenario (currently called RCP8.5) in your risk assessment (Step 4) to take a precautionary
If your municipality is interested in  going Jdbove and beyondn or want s
different future levels of risk , use an additional scenario (e.g., moderate emissions, such as RCP4.5) .

approach at estimating climate risk.

Activity #8 in Appendix
municipality and identify and
. Do not forget that anecdotal evidence (e.g., staff

se

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 anext r eme Osur gi c al lke

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 imp acts might a municipality need to prepare for.

~

/

Inregard 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
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term, mid-century, end of century A 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 ag,s$oestornsvatal ief@strgcture Use €nd of ¢eatury, for roads use mid  -century).
The graph below provides an example of this process using  average design life for a subset of assets.

Storm Sewers
Treatment Plants
Pumping Stations
Reservoirs
Dams
Generating Stations
Transformers
Tranmission Lines

Bridges

Rail Tracks
Paved Roads |
0 10 20 30 40 50 60 70 80 90

Average Design Life (Years)

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

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 Ofutureo a munici pal i ttyisattheirplisceetom. i Anpgudehnt@approamwbulddsaggeastg ni n g
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 t he climate data portal used and their Did You Know? The data source used
future development, the time horizons, scenarios and to obtain climate projections matters.
parameters may shift. Thus, it is recommended that users The extent to which lake influences are
follow the prompts and logic of the respective portal they captured varies based on the
select. If you are following a more accelerated pathway, all approaches used by modelers. A

guantitative cl imate 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 sec tor organization in support
of tailoring and producing localized climate projections to

recent  study by Great Lakes
Integrated Sciences + Assessments
(GLISA) identified that only 18 of the 55
GCMs capture the Great Lakes as
Ody n anmi natare. When in doubt,

inform your needs. To support in this process, Activity #9 in reach out to a data
Appendix 1 provides key content to consider included in a ask clarifying questions about what is

ORequest falo Poobposscope of W 0 captured well.
municipality need to procure tailored climate data  or include
this piece of information as part of an infrastructure project.
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http://glisa.umich.edu/projects/great-lakes-ensemble

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 sresstast @ defined as 1¢F¢
(or a 39% increase compar
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

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 signi ficant trends and mapping products. The following are
typically completed alongside a quantitative timeseries scenario that characterizes historical and future conditions for
relevant climate parameters:

1 GIS maps displaying spatial trends in future averag e, maximum, minimum air temperatures and total
precipitation;
1 A comprehensive summary table documenting historical and future results for each climate parameter, including
the range in uncertainty and sources of information;
1 Direction trends of each clima te 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
T Qualitative descripopgeohsesrtohaheOwkanmge in | ocal <climate co

This particular step can be highly detailed or more accelerated dependi
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 in tegrated 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 late st climate trends report is available online here.


https://www.durham.ca/en/living-here/climate-change-and-extreme-weather.aspx

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 abo ve. 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 1for 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
gualitative 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, guantitative future heat -related scenario (e.g.,
heatwaves could impact seasonal and recreational programming leading to loss of revenue) for finance staff to begin
qguantifying and exploring further could be critical to help build their understanding in p otential 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 releva nt
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 p ractical uses of climate information for municipalities and the ir 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 ap plied for infrastructure (Step 4).
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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

i ncorporated into the CiTheyHmHBast
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

4. Assess and Prioritize

Recommendations At -A-Glance

T

Based on the results from Step 2, a ssemble 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 floo ding,
consequences may be evaluated in a Multi -Criteria Analysis (described in this section below) on alinear
scale from 0 (no consequence) to 20 (extreme economic consequence). Critical infrastructure should
rank highest.

Assess the risk today, and for a t 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
identifyi ng adaptation and/or mitigation projects.

If more solutions are considered for the same area, use a cost -benefit analysis to prioritize between
projects.

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.
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A risk assessment can help:

Build a business case for climate adaptation in relation to baselines A 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 .

= =4 4 2

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/yea r 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, vulnerabil ity and adaptive
capacity of the affected people and/or systems.

RISK PROBABILITY CONSEQUENCE

SFH £

—_— @b

Climate risk Hazard Exposure Vulnerability

X

-

c RAMBOLL/

Note that a risk assessment typically only consider s one type of hazard. The consequences fro m 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 asse ssment 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 foll owing sections.

E) Designing a
climate change
adaptation
strategy

A) Background
research and
data gathering

B) Assessment of
hazard and
consequences

C) Refinement
and validation

D) Estimating
climate risk

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 haza rd 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 ¢  urrent data coupled with predictions for future

climate changes based on the | PCCns representative concentr e

described in much more detail (see Step 3 above).
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As discussed in Step 2,it n s easkndiab to consider assets affected and gather GIS data on these. B uilding footprint
or point locations are needed at a minimum. For a more advanced risk assessment other data to include may be:

91 Areas or buildings of critical infrastructure such as hospi tals, 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 infrast ructure such as power supply, district heating, sewers, water supply etc.;

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

= =2 =4 4 =2

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

B) Assessme nt of Hazard s 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 a nd
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 w here 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 stud ies into asset vulnerability are also
essential in order to know how assets are affected

by hazards, and itns i mpo
arennt affected in the sa
Smaller wildfires may cause structural damages
while major wildf ires 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 1 =l :Z;Lf;"z?)
shorter lasting heatwaves. Therefore , when studying Low (4)

the economic effects of cl N’“t°"°"e(1)
important to be mindful of the hazard type. Various . —
studies of flood damages are available online assessing dama ges 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
Ontarioand Al bert ans Pr ovi n cssessinent, Which ltas sineerbeeg 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 evalu ates 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.
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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

To guide the process, yo u can select two criteria (e.g. Damage caused by 5
pluvial floo ding 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 A the scale may
depend on and/or be restricted by your input data . Also, you may choose
to evaluate soci al factors such as
structural damages. Plot your assets in the graph and multiply the two axes
values to obtain the vulnerability factor for each asset.

Sy

w

N

Stadium
°

Criticality to community

[y

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

to 10 - a flooded hospital yields a 10, while a flooded green area in a park 0 1 2

yields 0, as it has no economic impact if floodwater is detained temporarily Damage caused by pluvial flooding
in the park. Private homes (3), industrial areas (7), businesses (5) and other

assets are also included, and all assets vulnerability factors withi  n a cell are summed for a combined vulnerability value
of the particular cell (see Activity #179. This analysis was similarly completed for a flooding scenario in the City of
Windsor, and is contained in Appendix 2.

w

Adaptive capacity of the assets or area in question may also be evaluated. The adaptive capacity ist  he 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 municipa lity 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
A i Y percentage from the vulnerab ility factors is generally
— B e e\t s B b afair approach.

| Flooding asset 33 A

| vulnerability e e i 2 1 R 0N . While asset vulnerability is essential, adaptive capacity

‘ = :f;tmo — R M 3 may be omitted. Generally, for smaller project areas,
Medium (6) i v SRR ~ HE such as a stormwater catchment in a municipality,

Low (4) e b E adaptive capacity will be the same for the whole area,

None (0)

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 o utput, 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 respon sibility. 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 Ch ange 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 determi nants 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 .
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