Tools and Frameworks for Assessing Climate
Change Vulnerability and Risk
Al Douglas
Director
Ontario Centre for Climate Impacts and Adaptation Resources

Moving Toward Adaptation
October 27, 2010
Sudbury, ON

Impacts of Climate Change in Ontario

OCCIAR, 2009

Responses to Climate Change

United Nations Environmental Programme/GRID‐Arendal, 2005

Difference Between Coping and Adapting

Coping
• Short‐term and immediate
• Oriented towards survival
• Not continuous
• Motivated by crisis, reactive
• Often degrades resource base
• Prompted by a lack of
alternatives

Adaptation
• Oriented towards longer term
livelihoods and security
• A continuous process
• Results are sustained
• Uses resources efficiently and
sustainably
• Involves planning
• Combines old and new strategies
and knowledge

Daze et. al., 2009

Adaptation will increase coping range

Warren and Egginton, 2008

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.
IPCC, 2007
Warren and Egginton, 2008
(adapted from Smith et al., 2003)

Determinants of Adaptive Capacity

Pieces that
allow and
enable the
development
and
implementation
of adaptive
measures

Ability of a
system to
cope =
resilience

Adaptive Capacity
Urban vs. Rural

Lemmen et al, 2008

Adaptation Support

Adapting to Climate Change and
Climate Variability

Municipal Planner

CIP

Engineers

Municipality

Engineers Canada, CSA
(PIEVC, IDF)

POLICY

CIER, CSA, ICLEI,
Bruce/Egener
(Case Studies, Guides,
Risk Management)

Specialists

IBC, ICLR, TPH, HC

Adaptation Decision‐making Continuum

Decision‐making Continuum

Activities

Unawareness
Raising awareness

Identifying
threats and opportunities

System knowledge

Engaging decision‐makers
through strategic partnering

CCIA knowledge

General awareness

Targeted engagement

Focussed awareness
Identifying and evaluating
options
In‐depth analysis
monitoring and
lessons learned

Decision point

NRCan, 2008

Reducing Public Health Risks of Heat Waves

S. Gower

Overland Flooding

Basement flood reduction in a typical two‐storey home

Tools and Methods that Support Adaptation

Sensitivity analyses
Impact assessments
Risk Management
Vulnerability assessments
Adaptive management
Others

…all in the context of adaptive capacity

Sensitivity Analysis
1.
Sector

Hydrology
and water
resources

2.
Planning 3.
Area
Current and
Expected
Stresses to
Systems in This
Planning Area

Water
supply

Managing
summer drought

Sensitivity Analysis

4.
Known Climate
Conditions
Relevant to
Systems in This
Planning Area
(direct and
indirect)

5.
How Known
Climate
Conditions
Currently Affect
Systems in this
Planning Area

Warm winter,
spring
temperatures
(indirect, via
impacts on supply)

Warm winter and
spring
temperatures
lead to lower
snowpack and
earlier snowmelt,
reducing summer
supply.

Warm summer
temperature

6.
How Known
Climate
Conditions are
Projected to
Change

7.
Projected Impact
of Changes to
Systems in This
Planning Area
(without
preparedness
action)

8.
Projected
Change in
Stresses to
Systems
(without
preparedness
action)

9.
Degree of
System
Sensitivity
to Climate
Change

Warmer
temperatures
expected across
all seasons in all
scenarios,
especially
during summer
months. Slight
increase in
Warmer summer
annual
temperatures
precipitation
increase water
possible with
demand and
most of the
evaporation
increase coming
rates.
in winter. Drier
summers
expected.

More drought,
summer water
stress likely due to
lower winter
snowpack and
warmer, drier
summers.
Population growth
will compound this
problem.

Likely to get
worse.

High

Snover et al, 2007

Climate Change and Risk Management

• framework is 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/due diligence ‐ legalities

Risk Management Process

Risk Assessment Process

•
•
•
•

Break‐out sessions component of OCCIAR workshops
Facilitated
Step by step through process
Use a fictitious 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. …

Extreme rain event in winter
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

Step 2: Preliminary Analysis
Example: Extreme rain event in winter – municipal infrastructure
Possible hazard: Increased and extreme precipitation
Preliminary analysis of risk:

DECISION: GO TO NEXT STEP

Step 3: Risk Estimation
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

Step 4: Risk Evaluation
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

Step 5: Risk Controls and Adaptation Decisions
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

Step 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

Vulnerability Assessment Framework
Step 1

• Build team, engage experts and identify indicators

Step 2

• Assess current vulnerability

Step 3

• Estimate future scenarios for both climate and non‐climate stressors

Step 4

• Estimate future vulnerability

Step 5

• Assess risks from climate change using Delphi Method

Step 6

• Develop risk reducing measures (adaptation measures)

Step 7

• Implementation of adaptive measures

Vulnerability Assessment Framework

• Build team and engage experts

Step 1:
Build Team, Engage
Experts and Identify
Indicators

• Identify sectors that are pertinent to the
assessment
• List indicators associated with each area of
focus
• List metrics which provide information on
the state of the indicator
• List targets to the different indicators to help
set goals and determine different levels of
management actions

Vulnerability Assessment Framework

• Determine what the indicators suggest
about the state of each area of focus/sector
• Determine how the climate has changed
within the watershed

Step 2:
Assess Current
Vulnerability

• Determine if a change in climate
contributed to a change in the indicators
• Establish to what extent indicators are
exposed or sensitive to climate
• Determine what adaptive measures have
been introduced in the past and how
effective they were
• Determine how resilient the components of
the system are

Vulnerability Assessment Framework

Step 3:
Estimate Future
Scenarios for Both
Climate and Non‐
Climate Stressors

• Determine future scenarios for non‐climate
stressors and review their connection to
climatic factors
• Develop future climate scenarios to
determine how the key climate attributes
may change into the future

Vulnerability Assessment Framework

Step 4:
Estimate Future
Vulnerability

• Determine vulnerability to future climate
variability/change (based on existing
stressors, vulnerabilities and projections of
future climate)
• Prioritize the vulnerabilities posed by climate
change

Vulnerability Assessment Framework

Step 5:
Assess risks from
climate change
using Delphi
Method

• Determine the risks posed by future climate
change
• Risks can be evaluated using economic,
social, cultural, and environmental measures
• Expert science and engineering used to
identify areas of high risk climate change and
to prioritize those risks

Vulnerability Assessment Framework

Step 6:
Develop Risk
Reducing Measures
(Adaptation
Measures)

• Create a list of measures that will work
towards reducing the risks associated with
climate change based on the highest levels
of risk determined in step 4
• Determine whether existing adaptation
capacity deficits will prohibit or discourage
adaptation
• Undertake measures to improve adaptive
capacity
• Develop and implement an adaptive
management approach to decision‐making

Vulnerability Assessment Framework

• Decide who is responsible for implementing
adaptive measures

Step 7:
Implementation of
Adaptive Measures

• Determine who will fund the adaptive
measures
• Determine the timing of the launch of the
measure
• Determine how the adaptative actions will
be measured

International Upper Great Lakes Study

GOAL:
• To raise awareness and share what we’ve learned
• To champion an adaptive management approach to address
risk
• To seek‐out agencies to come on board to help formulate
recommendations to the IJC re: Adaptive Management
• Hopefully get agencies to bring the same message up the line
to their respective decision making authorities

Adaptive Management in the IUGLS

Adaptive Management is a
structured, iterative process
of optimal decision‐making
in the face of uncertainty,
aiming to reducing
uncertainty via system
monitoring.

Institutional

Plan
Act

Collaboration

Adjust

Learn

Evaluate

Arrangements

Monitor

Adaptive Management Approach in IUGLS

•

Attempt to assess key vulnerabilities to extreme water levels (both lows
and highs)

•

Then ask, how plausible are these extremes based on all available water
supply scenarios (stochastic, climate change, paleo)

•

The idea is to plan for plausible, damaging future scenarios (what are we
most concerned about and ill prepared for?)

•

Develop an adaptive management strategy and seek buy‐in for a post
study, long‐term structured, iterative process for decision making aimed
at reducing uncertainty through monitoring and modelling and taking
actions to minimize risk.

Areas of Focus in the IUGLS

• Flood Management
– Work with FEMA, USACE, State/Prov. Agencies and Conservation
Authorities for assessment of hazard management areas

• Shore protection permitting
– Work with State/Prov. agencies, USACE, and Conservation Authorities

• Dredging
– Work with USACE, DFO, Port Authorities

• Low Water Land Management
– Work with Conservation Authorities, USACE, State/Prov. agencies, First
Nations

Monitoring and Modelling
(Heart of an AM Plan)
• IUGLS is collecting data and information and conducting
research and modelling to assess impacts of water levels
• IUGLS is temporary
• There are critical data gaps in understanding impacts and risks
(particularly extremes beyond historical levels)
• IUGLS would like to work with agencies/others to build
support for on‐going monitoring and modelling related to a
long‐term adaptive management strategy.

Thank you

Ontario Centre for Climate Impacts
and Adaptation Resources

www.climateOntario.ca

