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Overview 

1) It’s about increasing uncertainty, not 
ideology or ‘sound’ science!

2) Climate change risk management 
(CCRM): ‘state of the art’ vs. needs

3) Summary of available CCRM tools

4) What Standards developers are doing



The problem with ideological or ‘science- 
based’ arguments

Debating the ideology or root cause of climate change is not 
helpful for building  business case or economic argument for 
action. No matter how ‘sound’ the  science, it is not persuasive to 
many decision-makers. Risk, liability and cost/benefit analysis is 
more persuasive. Therefore:  

• Planners must consider added risks of increasing climatic 
uncertainty in business case development 

• This can only happen when consideration of increasingly uncertain 
future climate states becomes a routine part of a wide array of 
planning decision-making processes  



It’s about an increasingly uncertain climate

“ In this report the term ‘climate change’ refers to any change 
in climate over time, whether it is a product of natural 
factors, human activity or both. The usage is the same as 
that of the <IPCC>, but differs from the usage in the 
United Nations Framework Convention on Climate 
Change….The term ‘changing climate’ is used sometimes in 
this report to highlight that these changes are ongoing…” *

* Lemmen, DS et al, From Impacts to Adaptation: Canada in a Changing 
Climate 2007 – Synthesis Report; Gov’t of Canada, Page 2. 



CC impacts are not homogeneous. They 
must always be considered in combination 
with other ‘routine’ decision-making 
factors

“…Adaptation will usually not take place in response to climate 
change alone, but in consideration of a range of factors… 
Successful adaptation does not mean that negative impacts 
will not occur, only that they will be less severe had no 
adaptation occurred. In deciding what adaptation option is 
most appropriate…attention must be paid to feasibility, 
likelihood and the mechanisms for uptake…” *

* Lemmen, DS et al, From Impacts to Adaptation: Canada in a 
Changing Climate 2007 – Synthesis Report; Gov’t of Canada, Pg 
3.  



Responses CC for adaptation are often cross- 
cutting

Area of Interest 
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Development, Interpretation and 
Use of Rainfall Intensity-Duration-
Frequency Information: Guideline 
for Canadian Water Resources 
Practioners – CSA PLUS 4013  

Guideline  
√ 
 

 
√ 
 

    

Performance Improvement Tools 
for Small and Medium-Sized Water 
and Wastewater Utilities – CSA 
PLUS 4010  

Guideline 

    
 

 
√ 
 

 
√ 
 

Infrastructure in Permafrost: A 
Guideline for Climate Change 
Adaptation – CSA PLUS 4011 

Guideline  
√ 
 

 
 
 
 

   

Visual Inspection of Sewer Pipe – 
CSA PLUS 4012 (Adapted from 
NASSCO PACP) 

Guideline & 
In-class 
Training    

 
√ 
 

 
√ 
 

 
 
 

Climate Change Adaptation and 
Municipal Infrastructure: Tools and 
Techniques for Impact Assessment, 
Risk Evaluation and Response 

e-Learning  
√ 
 

 
√ 
 

 
√ 
 

 
 
 

 
√ 
 

 
 
 

Protecting Critical Infrastructure: 
Risk Management and Emergency 
Response Training 

In-class 
Training 

 
√ 
 

 
√ 
 

 
√ 
 

 
 
 

 
√ 
 

 
 
 

Excerpt from CSA Municipal Infrastructure/Public works product selection chart
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Climate Change Risk Management Tools: The current 
‘state of the art’ and the needs of professionals

CSA Studies 

2006- Role of standards in adapting to the impacts of climate change

2007- CSA National Survey of engineers’ knowledge and needs * 

2007 - Climate Change and Infrastructure Engineering: Moving towards a new 
curriculum

2009 – CSA Assessment of existing CCRM guidance * 

2010 – CSA Assessment of climatic information requirements in CSA 
codes and standards  * 

* Key studies 

Approx. $235K invested over 4 years (excludes in-kind contributions from volunteer experts)



Addressing increasingly uncertain climate via updated 
codes, standards and risk tools – 
A Pro-forma business case

Estimated property, 
injuries and casualty costs ($ billions)*:

1991 – Calgary Hailstorm: $ .9 
1996 – Saguenay Flood: $1.7 
1996 - Calgary Hailstorm: $ .3 
1997 - Red River Flood: $ .82 
1998 - ICE storm Ontario, Quebec, Maritimes: $ 5.4 
2003 – BC/Alberta wildfires: $ .7
2003 – Hurricane Juan $ .2
2005 – Southern Alberta Floods $ .4
2005 – Toronto extreme rain $ .5 + 

Total: $ 10.9 +
* Public Safety Canada, 2005; Environment Canada, 2005; BC Gov’t 2003

(Simplified) Pro-forma codes & standards update business case:
$10M investment over 5 yrs nets an ROI of $100 M over 14 years in avoided property & casualty 

losses @ 1% efficacy. Approximates a compound annual return of 18% 



Study #1: National Survey of 
Engineers’ Knowledge / Perceptions 

INFRASTRUCTURE 
CATEGORY

NUMBER OF 
RESPONDENTS

PERCENTAGE OF TOTAL

Water infrastructure 294 14%

Transportation infrastructure 250 12%

Energy infrastructure 340 17%

Buildings infrastructure 310 15%

Other 866 42%

Total 2060 100%

10/3/2010 9



10October 3, 2010

I believe that a changing climate will affect 
my engineering decisions in the near future. 

82% 87%83%

42%

40% 45%

38%

35%

51%Strongly 
Agree

Somewhat 
Agree 42%

46% 38%

42%

40%

38%

78%80%
88%

Total
(n = 

2,060)

Water
(n = 294)

Trans
 

port�n
(n = 250)

Energy
(n = 340)

Bldgs
(n = 310)

Other
(n = 866)



I need much more information to enable me to 
incorporate the impacts of a changing climate 

into my engineering practice.
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73% 76%

35%

38% 42%

39%

42%

35%Strongly 
Agree

Somewhat 
Agree

31%

47% 39%

38%

29%

37%

66%
77%79%

Total
(n = 

2,060)

Water
(n = 294)

Trans
 

port�n
(n = 250)

Energy
(n = 340)

Bldgs
(n = 310)

Other
(n = 866)

81%



For all the following impacts that have been 
suggested for a changing climate, please 
indicate your current level of familiarity
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44%

42%

38%

39%

38%

38%

36%

33%

34% 24%

26%

26%

25%

26%

28%

30%

32%

31%Changes in seasonality & type of 
precipitation

More frequent & intense storms

Changes to peak energy demand…

Increases/decreases in freeze/ thaw 
cycles

Changes to historical climatic loads

More frequent & severe water shortages

Increased coastal & river flooding

Melting permafrost

Sea level rise

75%
75%

68%
67%

64%
63%
63%

59%
58%

Somewhat Very



For the following tools and techniques that have been 
suggested for responding to the impacts of a changing 
climate, please indicate your current level of familiarity
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42%

37%

36%

35%

33%

Identify infrastructure that is at risk 
& retrofit priority assets

Consider increased deterioration 
rates in design & maintenance plans

Consider different CC scenarios-

 

for 
design, maintenance., or planning

Identify locations that may be 
vulnerable to CC impacts & modify 

designs accordingly
Design infrastructure that can be 

modified over time with the impacts of 
CC

29% 12%

27% 10%

27% 9%

26% 9%

26% 7%

Somewhat Very



Study #2: “Mainstreaming the Risk-based 
Management of Climate Change Impacts in 
Canada: Which Guidance is Needed?”

• Interview-based

• Assessed the need and most appropriate 
focus for accredited CCRM guidance
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Abridged history of CC risk and 
vulnerability assessment tools 

• 2000 - CIDA-funded tool for Caribbean (Bruce/Egener)
• 2001- CSA Q850 Risk Management Guide
• 2003- UK Climate Change Impacts Program Guide (UKCIP)
• 2006 – Australian Guide 
• 2006 – Ontario Municipal Guide (Bruce/Egener)
• 2007 – PIEVC protocol
• 2007 – ICLEI USA Guide
• 2008 – City of Chicago Guide
• 2009– Alberta Municipal Guide (Bruce/Egener)
• 2010 – CAN/CSA-ISO 31000 
• 2010 – City of Toronto Tool



Respondents
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Developers of 
existing 
instruments

Users of existing 
instruments

Economic sector 
representatives 

Management 
system experts and 
others

Eight (8) 
interviewees with 
respect to seven 
CCRM instruments

Eleven (11) 
interviewees with 
respect to seven 
different instruments

Eleven (11) 
interviewees 
from three sectors 

Four (4) 
management system 
experts, one (1) 
emergency 
management expert, 
one (1) water 
systems expert, and 
one (1) hospital 
system administrator



What we found

1) In the Canadian context, existing 
guidance for CCRM is: 

a) generally good enough for screening purposes

b) often insufficient to rationalize changes to 
capital investment, planning or design 
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What we found (cont.)

2) Further technical guidance required for 
risk evaluation, ranking, prioritization
– development and use of forward-looking 

climatic information
– characterization and communication of related 

uncertainties

3) At the same time, many municipal sector 
players require guidance from ground up

10/3/2010 18



Conclusions

1) Tailor CCRM guidance sector by sector

2) For industry sectors, link to existing 
Enterprise Risk Management standards

3) Make guidance “authoritative” and link to 
recognized sources of climatic data and 
information

10/3/2010 19



Study #3: “…Climatic Information 
Requirements of Built Infrastructure 
Codes and Standards and their Users”

• Identified CSA’s built infrastructure codes and 
standards that heavily rely on climatic data

• Characterized climatic information requirements

• Interviewed climate design experts re: further 
information requirements

10/3/2010 20





What we found 

• 29 out of 250 CSA infrastructure codes 
and standards are heavily reliant on 
climate data

• Climatic information they require is not 
always centrally located

• In various cases, referenced information 
was last calculated over two decades ago 
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What we found (cont.)

• Update of climate design values is ‘ad hoc’
• Overlap in climatic information needs (and 

priorities) among sectors suggests various 
opportunities

• CSA Technical Committees want more 
guidance on how to incorporate forward- 
looking climatic information into design 
standards
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What we’ve done (so far) as a 
result….
New Guides, Standards & Training (Multi-subject) 
related to CC Adaptation 
Topic areas

Storm water  (training, 4 modules; 1 std)
Potable water (various standards & guides)
Climate science (Guide, IDF curves)
Permafrost (Guide for planners & specifiers)
Emergency Mgmt & Biz Continuity (for Public works)
Operations and Energy Efficiency in Public Buildings



New CSA Guidance  - Highlights

• Guideline (2010): Permafrost, climate 
change and community infrastructure

• Guideline (2010): Extreme rainfall and 
water resources (IDF) infrastructure

• E-learning (2010): Adapting infrastructure to 
climate change training module 
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“Infrastructure in Permafrost: A 
Guideline for Climate Change 
Adaptation”

1) General Background (Chpts 2-4)

2) Changing trends (Chpts 5,6)

3) Risk-based protocol (Chapter 7)

10/3/2010 26
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Risk-based Protocol

• Stage 1: Screening

– Site Characterization

– Functional Criteria

– Screening for Climate Change Sensitivity & Risk

• Stage 2: Advanced Design Implementation

– Geothermal Analyses

– Preliminary Design

– Limitations Assessment

– Final Design

– Documentation



Screening 
Process 
Schematic

10/3/2010 28

Consequences Sensitivity
(Probability)
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Climate Change Screening Process
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Screening Process Objective 
• Risk-based analyses for rational inclusion of 

climate change in the design process

October 3, 2010

Likelihood of 
induced 
failure

Consequence

Negligible Minor Major Catastrophic

Frequent C A A A

Probable C B A A

Occasional D B B A

Remote D C B A

Improbable D C C B

Risk Level Analysis Prescribed

D Not Required

C Qualitative

B Semi-quantitative

A Detailed Quantitative



31October 3, 2010

Site Sensitivity
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NEW modeling results – for each of 
nine Arctic Zones
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Required 
levels of 
analysis



“Development Interpretation and 
Use of Rainfall Intensity-Duration- 
Frequency (IDF) Information”

1) How extreme rainfall (IDF) information is 
developed 

2) Assumptions contained within IDF 
information

3) How to account for climate change
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On-line Training Module

SCREEN SHOT of 

“Collaborative Effort”
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On-line Training Module

• Screen shot of Learning Objectives
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On-line Training Module

• Screen Shot of Course Outline
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On-line Training Module

• Screen shot of Risk Assessment Applied, 
Table 4-1
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On-line Training Module

• Screen shot, Intro to CORE C

10/3/2010 39





On-line Training Module

• Screen shot of “Adaptation Planning – 
approach 1 and 2”)
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On-line Training Module

• Screen shot of “Adaptation Planning – 
approach 3 and 4”)
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Working
documents

Links to
Resources

Core C
Case Study Workbooks
including Pre-Reading 

Resources
&

Post-Case Study
Resources

with Assessment
Examples



Next Steps for Standards Developers

• Establish a routine, properly funded process for ensuring 
that climatic information required for a range of critical 
standards is updated at appropriate intervals

• Ensure that the information is accessible for use by codes 
& standards community, professionals, etc. 

• Expanded focus on Northern issues
• CCRM guidance aimed at critical infrastructure in specific 

industrial sectors (e.g., electricity transmission; 
telecommunications)

• Continue to develop sector-specific technical annexes or 
guides based on applied research
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THANK YOU
More information at: www.csa.ca/infrastructure
Michael Mortimer
Michael.mortimer@csa.ca

David Greenall
Dgreenall@deloitte.ca

Erik Sparling
Erik.sparling@csa.ca
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