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No nation, however large or small, wealthy
or poor, can escape the impact of climate
change. Rising sea levels threaten every
coastline. More powerful storms and floods
threaten every continent. More frequent
droughts and crop failures breed hunger and
conflict in places where hunger and conflict
already thrive. On shrinking islands, families
are already being forced to flee their homes
as climate refugees. The security and
stability of each nation and all peoples ‐‐ our
prosperity, our health, and our safety ‐‐ are in
jeopardy. And the time we have to reverse
this tide is running out.
Barack Obama, September 2009

Ignoring global warming is not an option.
Pretending it’s not going to happen will not
make it go away. We have warming in store
for many decades to come, as the climate
system responds to the levels of greenhouse
gases already in the atmosphere. We need
to develop adaptation strategies and take
appropriate measures to reduce the costs
associated with them. At the same time, we
will need to determine an unacceptable level
of global warming and take appropriate
measures to ensure this level is not
surpassed.
Dr. Andrew Weaver, University of Victoria
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Impacts of Climate Change in Ontario
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Adaptation in Ontario
9 The Toronto Region Conservation Authority (TRCA) is conducting modeling and
analysis exercises to understand how the watershed will respond to the impacts of
climate change.
9 The Credit Valley Conservation Authority (CVCA) has updated its strategic plan to
elevate the importance of climate change in their operations.
9The Region of Peel in conjunction with the TRCA and the CVCA issued a call for
proposals to develop a strategic plan for climate change for the geographic region of
Peel.
9 A Storm‐water Management Working Group, comprised of officials from the OMOE,
Environment Canada and 9 communities, has been established to review existing
practices in light of climate change.
9 Lake Simcoe Protection Plan was finalized in June 2009 and
the near‐term plan will focus on the issues most critical to the
health of Lake Simcoe including addressing impacts of invasive
species and climate change.

Adaptation in Ontario
9 The town of Sioux Lookout has modified its environment committee’s terms of
reference to include climate change mitigation and adaptation.
9 The Maitland Valley Conservation Authority (MVCA) – will develop a climate change
adaptation strategy in 2009.
9 The MVCA’s Soil and Water Environmental Enhancement Plan (SWEEP) service assists
landowners to reduce the potential for soil erosion on their property and adapt to the
recent climate trends.
9 The Mississippi Valley Conservation Authority released a report titled From Impacts
Towards Adaptation (2008) outlining potential impacts from climate
change as well as possible adaptation measures.
9 The City of Ottawa are developing a Climate Change Adaptation Plan –
currently reviewing historic climate data to assess its vulnerability to the
impacts of climate change.
9 The Rideau Valley Conservation Authority is reviewing flow models
and hydroclimatic data for the watershed.

Government Initiatives in Adaptation
9 MNR – much activity including leading research and a strategic plan for climate change
9MOE – strategic policy branch leading adaptation in the province, SWPP, other
9MMAH, MNR and MOE participating in a regional adaptation collaborative
9MNDMF highlights climate change in the Northern Ontario Growth Plan
9MEI encouraging resilience in energy transmission
9 Natural Resources Canada funding RAC’s (in 5 regions across Canada) and tools to aid
adaptation planning (Engineers Canada, Canadian Institute of Planners, other)
9Environment Canada developing regional climate models, supporting Adaptation and
Impacts Research Group (AIR) and more
9 Indian and Northern Affairs Canada funding Capacity building in Aboriginal
communities – risk management
9Health Canada – piloting heat alert systems across Canada and also has a program on
Aboriginal health in the context of climate change
9Agriculture and Agri‐food Canada – cross‐Canada workshop series leading to the
development of a national CCA strategy

Tools and Methods that Support Adaptation
Sensitivity analyses
Impact assessments
Vulnerability assessments
Risk Management
Adaptive management
Others

…all in the context of adaptive capacity
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Adaptive Capacity
Urban vs. Rural
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Principals of good adaptation
• Work in partnership
• Understand risks, thresholds and uncertainties and prioritize risks
• Frame and communicate SMART objectives (specific, measurable,
achievable, results‐oriented and time bound objectives)
• Manage climate and non‐climate related risks using a balanced
approach
• Address risks associated with today’s climate vulnerability and
extremes
• Use adaptive management to cope with uncertainty
• Recognize the value of no/low regrets and win‐win adaptation options
• Avoid actions that foreclose or limit future adaptations
• Review the continued effectiveness of adaptation decisions
Modified from UKCIP

Community Adaptation Guidebooks

…and many more

PIEVC Protocol
The Protocol is organized into a 5‐step process
Step 1: Project Definition;
Step 2: Data Gathering and Sufficiency;
Step 3: Qualitative Evaluation;
Step 4: Quantitative Evaluation; and
Step 5: Recommendations.

Why Risk Management?
•A framework understood by stakeholders and decision‐makers –
quantifiable;
•Appropriate for quick scans or large adaptation projects;
•Deals with uncertainty relatively well;
•Development of feasible adaptation options;
•Collaboration between multiple departments/centres/sectors
•Considered alongside multiple stressors – not just climate, rather
climate mainstreamed;
•Proof of action ‐ legalities

Objective of Risk Assessment Tool
• To raise awareness of decision‐makers to the potential
uses of the framework to developing adaptation
strategies;
• To provide ways to help decision‐makers to identify
community, industry or sectoral risks from climate
variability and change;
• To promote discussion among decision‐makers on
approaches that could be used to reduce risk

Precursor Documents
•

Canadian Standards Association Guideline
– CAN/CSA‐Q850‐97 Risk Management: Guideline for Decision‐
Makers

•

Guideline adjusted for climate change adaptation and first used in
the Caribbean (Adapting to Climate Change in the Caribbean –
ACCC project) 2001‐2004

•

Global Change Strategies International (M. Egener, J. Bruce, others)

•

Used by C‐CIARN Ontario in 2003, 2004, 2005

•

GCSI develops An Overview of the Risk Management Approach to
Adaptation to Climate Change in Canada (NRCan funded) 2005

•

Adapting to Climate Change: A Risk‐based Guide for Ontario
Municipalities, J. Bruce, M. Egener and D. Nobel, 2006.

Steps

Risk Assessment Process
•
•
•
•

Break‐out sessions component of OCCIAR workshops
Facilitated
Step by step through process
Use a fictious community case study
Case Study 1 ‐ Setting the Stage
Municipal Infrastructure
As the City’s chief infrastructure engineer you are required to be on call in case of emergencies as
they pertain to city infrastructure. At 2:00 am you receive a phone call from the police stating that a
section of a municipal road is flooded. Upon arrival, you notice that the road, surrounded by
residential neighbourhoods on either side, has a torrent of water rushing down it and where there
were once 4 lanes of blacktop is now a small river. A combination of melting snow and heavy spring
rain has resulted in copious amounts of water unable to escape via over‐land drainage routes. You
also notice that pieces of debris are blocking other large catch basins thus prohibiting water from
entering the storm‐water system. …

Step 1: Getting Started
1. Define the hazards and vulnerabilities
2. Establish a project team
3. Identify the resources required to undertake the project
4. Identify the stakeholders.
5. Develop a plan for communicating with stakeholders
6. Start a risk information library
Expected results and outputs
9

Risk issues and potential management implications are defined.

9

Project team established.

9

Terms of reference and budget for project team developed and approved.

9

Modalities for communication established.

9

Stakeholders identified and preliminary analysis of their needs, concerns and probable
issues completed.

9

Collection of documentation begun for the risk information library.

Example: Extreme storm following a long heat‐wave
Actual and potential hazards identified include:
6
6
6
6

short duration < 24 hour high intensity rains more frequent and severe
very high temperatures (upper 30s) in daytime and high at night
smog episodes
violent storms

Project Team:
6
6
6
6
6
6
6

Emergency management
Public works
Public health
Social services
Utilities
Conservation authority,
Etc.

DECISION: GO TO NEXT STEP

Example: Extreme rain event in winter – municipal infrastructure
Actual and potential hazards identified include:
6
6
6
6

Extreme storms (rain, thunder and lightning)
Increased temperatures
Drought
Increased precipitation

Project Team:
6 Emergency personnel (police, fire, etc.)
6 City departments (environment, public
utilities, planners, health)
6 Mayor
6 Conservation authority
6 Academics
6 NGO’s
DECISION: GO TO NEXT STEP

Steps 2: Preliminary Analysis
1. Develop risk scenarios based on hazards and vulnerabilities identified in step 1.
2. Collect data and identify project baseline.
3. Assign initial estimates of frequency and severity to risk scenarios.
4. Continue the stakeholder analysis.
5. Outline risk communication plan and initiate risk communications with stakeholders.
6. Update risk information library.
Expected results and outputs
9

Risk scenarios are developed and a preliminary analysis is completed for each, showing
potential losses

9

Baseline information has been collected, or plans in place to collect additional baseline
information

9

Additional stakeholder analysis completed

9

Stakeholder communications initiated

9

Risk information library is started and rules for document collection are established;

9

Important reference material is documented and stored

9

Outline of risk communications plan has been completed

Example: Extreme weather event during a long heat‐wave
Possible hazard:
6 extreme heat (temperature > 35 to 40°C, over consecutive (5 – 7) days)
Preliminary analysis of risk:

DECISION: GO TO NEXT STEP

Example: Extreme rain event in winter – municipal infrastructure
Possible hazard:
6 Increased and extreme precipitation
Preliminary analysis of risk:

DECISION: GO TO NEXT STEP

Heavy summer
precipitation
First order impacts

Second order

Third order

Fourth order

Flooding

Bank
erosion
Sedimentation

Health
problems

Sewage system failure

Lack of
mobility
Loss of
land
and
fertility

Infrastructure
damage

Buildings
contaminated

W ater
quality
degraded

Recreation
disrupted

Surface runoff

Tourism
disrupted

Ecosystem
disruption
Surface &
subsurface
contamination

Crop productivity
disruption

Steps 3: Risk Estimation
1. Select methods for estimating frequency and severity.
2. Estimate the frequency or likelihood of possible outcomes.
3. Estimate the consequences of possible outcomes.
4. Assess stakeholders perceptions of risk.
5. Display the frequency and consequence estimates in tabular or graphical format.
6. Consult with stakeholders and refine the stakeholder analysis.
Expected results and outputs
9

Estimates of frequency and consequences of risk scenarios, and estimate of expected
consequences for each scenarios

9

Frequency and consequence estimates presented in format that is easy‐to‐understand by
non‐experts

9

Estimates of the acceptance by stakeholders of risk, or a record of reasons for non‐
acceptance, based on dialogue with the stakeholders and a careful documentation of their
perception of the risks.

Example: estimate the risk of each of the high order impacts
Risk Assessment Matrix (increased heat)

Severity
of
Impact
(1 to 5)

Poor
Water
Quality

Power
Outages

Human
Health
issues

Poor Air
Quality

Economic

3

5

5

4 to 5

Environmental

4

2

1 to 2

4 to 5

Social

2

3

4

4 to 5

4

3

5

5

Probability of
Occurrence
(1 to 5)

1 = low
DECISION: GO TO NEXT STEP

5 = high

Example: estimate the risk of each of the high order impacts
Risk Assessment Matrix (increase and extreme precipitation)

Severity of
Impact
(H, M, L)

Degraded
ecosystem

Human
Health
issues

Loss of
economic
impact and
reputation

H

M

M

M

H

M

M

H

L

L

M

H

L

L

H

H

M

H

M

Safety of
Population

Degraded
water
quality

Economic

L

Social
Environmental

Probability of Occurrence
(H, M, L)

L = low M = medium H = high
DECISION: GO TO NEXT STEP

Steps 4: Risk Evaluation
1. Develop the costs and benefits to each risk scenario.
2. Analyse risk perceptions of key stakeholders.
3. Access the acceptability of risk associated with the risk scenarios and potential outcomes.
4. Compare the risk using appropriate criteria
5. Identify plausible risk control options.
6. Update risk information library.
Expected results and outputs
9

Risk evaluated in terms of probability,
consequence, costs and benefits

9

Risk prioritized

9

Unacceptable risks identified

9

Meaningful dialogue with stakeholders about
acceptability of risks

9

Risk information library updated

Example: estimate and evaluation the risk of each of the high order
impacts (increased heat)
Poor
Water
Quality

Power
Outages

Human
Health
issues

Poor Air
Quality

Economic

3

5

5

4 to 5

Environmental

4

2

1 to 2

4 to 5

Social

2

3

4

4 to 5

Probability of
Occurrence
(1 to 5)

4

3

5

5

Prioritized Risk
(subjective assessment)

36

30

55

75

Severity
of
Impact
(1 to 5)

Risk = Severity x Probability

DECISION: GO TO NEXT STEP

Example: estimate and evaluation the risk of each of the high order
impacts (increased and extreme precipitation)

Safety of
Population

Degraded
water
quality

Degraded
ecosystem

Human
Health
issues

Loss of
economic
impact and
reputation

Economic

L

H

M

M

M

Social

H

M

M

H

L

Environmental

L

M

H

L

L

Probability of Occurrence
(H, M, L)

H

H

M

H

M

Prioritized Risk
(subjective assessment)

15

21

14

18

8

Severity of
Impact
(H, M, L)

Risk = Severity x Probability

DECISION: GO TO NEXT STEP

Steps 5: Risk Controls and Adaptation Decisions
1. Identify feasible adaptation or risk control options.
2. Evaluate the adaptation or risk control options.
3. Develop the implementation plan for adaptation or risk control measures.
4. Develop a risk communications plan related to residual risks.
5. Update risk information library.

Expected results and outputs
9

Feasible risk control options identified

9

Adaptation plan completed based on priority
risks/hazards identified in earlier steps

9

Strategies for financing implementation of
adaptation measures

9

Risks and residual risks accepted by
stakeholders

9

Risk information library updated

Example: Adaptation actions
Adaptive strategies to reduce the risk of poor air quality as a result of extreme heat
include:
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

public transit
limits/bans on lawn mowing
green roof tops (albedo)
plant trees (shade)
cooling mechanisms
public awareness
physical fitness
oxygen
bike parks
no smoking parks
greening events
free bus rides
indoor events
limit air conditioning
reduce business

DECISION: GO TO NEXT STEP

Evaluated based on time frame, cost,
effectiveness and acceptability

Example: Adaptation actions
Adaptive strategies to reduce the risk of degraded water quality as a result of
increased and extreme precipitation:
6
6
6
6
6
6

installation of sewer backflow prevention valves
Re‐think design of storm‐water management and drinking water systems
Source‐controls – increased filtration capacity, increase resiliency
Re‐think building by‐laws e.g. swales versus curbs
Develop a communication plan (quicker response)
Educate public

DECISION: GO TO NEXT STEP

Steps 6: Implementation and Monitoring
1. Develop the implementation plan.
2. Develop and establish the monitoring process.
3. Submit the plan for approval and when approved begin implementation.
4. Continue to communicate with stakeholders.
5. Review and reiterate the process, as needed.

Expected results and outputs
9

Comprehensive implementation plans

9

Factors that may influence implementation.

9

Implementation initiated

9

Risk information library updated

Process Shortcomings
•
•
•
•
•
•

Perceived linearity
Application in small communities
Dealing with critical thresholds
Flexibility of adaptive measures
Speed of responses due to changes in climate or other factors
Economy vs. Ecology value

PIEVC Protocol
Step 1: Project Definition
Defines the global project parameters. This includes identifying:

•
•
•
•
•
•
•

The infrastructure;
The location;
Historical climate;
The load on the infrastructure;
The age of the infrastructure;
Other relevant factors; and
Identification of major documents
and information sources.

PIEVC Protocol
Step 2: Data Gathering and
Sufficiency
Practitioner provides further
definition regarding the infrastructure
and the particular climate effects that
are considered in the evaluation. The
data is acquired from the sources
identified in Step 1 and assessed for
sufficiency.
Identifying an area where data is
required allows the practitioner to
reevaluate sources of data or
methods to infill the data gap.
Activities to provide data where
data is insufficient or missing are
undertaken in Step 2. Where data
cannot be developed, the data gap
is identified in Step 5.

PIEVC Protocol
Step 3: Qualitative Evaluation
Protocol requires the practitioner to
identify the relationships between
the infrastructure, the climate and
other factors that could lead to
vulnerability. These include:
•Specific infrastructure components;
•Specific climate change parameter
values;
•Specific performance goals; and
•Other change parameter values.
.
To prioritize infrastructure‐climate
relationships the practitioner assigns
scale factors both to the probability
of climate effects, and the severity of
performance outcome for the
infrastructure.

PIEVC Protocol
Step 4: Quantitative Evaluation
Practitioner determines the
relationship between the
performance response loads placed
on the infrastructure and its
capacity. Vulnerability exists when
infrastructure has insufficient
capacity to withstand the effects
placed on it. Resiliency exists when
the infrastructure has sufficient
capacity to withstand increasing
climate change effects.
.

PIEVC Protocol
Step 5: Recommendations
Practitioner summarizes the limitations and findings of the study.

Thank you!
Al Douglas
Coordinator
Ontario Centre for Climate Impacts and Adaptation Resources
At MIRARCO
935 Ramsey Lake Road
Sudbury, ON P3E 4G2
P: 705‐675‐1151 ext 1506
adouglas@mirarco.org

