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The Challenge of 
Climate Change for Built 
Environments

Describing the Problem
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• Climate change impacts both the 
natural and built environments. 
Impacts can vary significantly between 
regions.

• Two key challenges for Municipal and 
Public Infrastructure Sector:

1. The wider range of operating 
conditions from climate change go 
beyond what engineering codes 
and standards currently design for.

• Impacts await us.. many not 
obvious.

2. Climate Change timescales are
much longer than usual timescales 
for Disaster Planning, requires 
different planning.

Physical Impacts from Ranges of Climate Change
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Driven Processes Translate into Powerful Events

• As the climate 
changes, the intensity 
and frequency of what 
have been considered 
“natural” disasters are 
increasing:

• Flooding
• Hurricanes
• Heat Waves
• Droughts
• Spread of diseases



Dice graphics:  Climate Central

Shifting Climate: Loading the Dice for
More Extremes, More Often



• Communities invest big $$ in 
infrastructure, budgets need 
predictable service life from each 
infra asset developed. 

• Engineers face two realities in 
design:

A. The operating environment 
defined by historical climate, 
and;

B. The operating environment 
defined by a newer, shifted
climate

• The gap between the two 
approaches is unmanaged risk.

• Our lives will get busier responding 
to, budgeting for these emerging 
impacts. It’s in our best interest to 
plan proactively… now.

Climate Change: New Risks for Costly, Essential 
Infrastructure, Systems and Dependent Services
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How Small Changes Lead to Vulnerabilities

• Design Capacity
• Safety Factor
• Impact of age on 

structure
• Impact of unforeseen 

weathering

• Design Load
• Change of use over 

time
• e.g. population growth

• Severe climate event
• Thresholds are 

important!
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Not Linear - Small Increases Lead to 
Escalating Property Damage



A Quick Look at Changes in One 
Extreme for Our Region: 

What operations, essential services and 
community assets would be impacted?



Shifting Extremes 
Change in the Number of Very Hot Days
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Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014). 
Statistically Downscaled Climate  Scenarios. Downloaded from pacificclimate.org.
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Change in the Number of Very Hot Days

High Carbon

Low Carbon

0 4 8 12 16 20 24 28 32 36 40 44 48+

2021‐2050 Annual number of days ≥ 30 °C

Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014). 
Statistically Downscaled Climate  Scenarios. Downloaded from pacificclimate.org.

Recent Past 2050 2080

prairieclimatecentre.ca



Shifting Extremes
Change in the Number of Very Hot Days
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Data Source: Pacific Climate Impacts Consortium (PCIC), University of Victoria, (2014). 
Statistically Downscaled Climate  Scenarios. Downloaded from pacificclimate.org.
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Facing Climate Change without 
Resilient Design means we design our 
Critical Infrastructure and Essential 
Services for climate conditions we 
expected in the past.

Some of these systems will be expected to
operate reliably for decades, and in those
decades ahead, we “import” a different climate..
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Shifts in Climate Extremes Bring Consequences to 
Traditional Infrastructure Design

•Climate change means shifts beyond historical 
climate ranges

•Most engineering codes and standards have yet 
to include climate change considerations, design 
to historical data only

•Build in resiliency, design and adapt to projected 
shifts in climate likely across life cycle.
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Design values based upon historical
data alone will be less reliable over 
time

Image: Reuters/Lucas Jackson 



Impacts to Critical 
Infrastructure and their 
Costs to Communities:

Economic,
Reputational,
Social

Slide 18 Image: Maryland State Highway Administration
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Important to Consider Life Cycle and Rates of 
Changes for Your Regional Climate



Hospitals

Homes &
Bldgs

Energy Generation, 
Transmission, 
Distribution

Industrial 
Facilities

Water & Wastewater
Systems

Transport
Networks

Landfills & 
Waste 
Processing

Recreation
Facilities

Infrastructure Categories:

Infrastructure Services:

Potable
Water

Communication
Networks

Infrastructure Design Reaches All Aspects
of Contemporary Society
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Need Resiliency Planning to Balance Risks 

• Minimize service 
disruptions

• Protect people, 
property and the 
environment

• Optimize service
• Manage lifecycle
• Manage 

operations
• Avoid surprises
• Reduce costs
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What is Community Resilience?

The capacity of individuals, communities, 
institutions, businesses and systems within a city 
to survive, adapt, and grow no matter what kinds of 
chronic stresses and acute shocks they 
experience.

100 Resilient Cities                  100resilientcities.org



Cities Face Key Risks as Further Motivators

• Climate Change has 
potential to induce several 
key risks to communities:

• Regulatory Risks
• Physical Risks
• Risks to Reputation
• Litigation Risks

• For community 
sustainability and 
reputational credibility, 
communities must work to 
anticipate risks in each of 
these areas
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Image: CBC



Regulatory Risks
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• New regulations will be continue 
to be introduced, joining many 
already in effect in two main areas:

• Traditional Regulation: Permits, 
Building Codes and energy-
efficiency requirements

• Market-based Regulation: 
carbon taxes, emissions-trading, 
fuel tariffs

Highway 404 in Toronto, Ontario July 27, 2014
Image: Global News



Physical Risks: Identifying Climate 
Vulnerabilities

Source: VTT Technical Research Centre of Finland, 2011

• Important to review 
operations, movements, 
supply sources for sensitivity 
to climate impacts

• What systems does city rely 
upon and what are the 
sensitivities to climate for 
these systems?

• Operational exposure to physical 
risks depends on

• Sector of the service to the 
community.

• Redundancy of essential 
services



Risks to Reputation
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• Community reputation, in today’s 
economy, represents a significant 
share of brand/reputational value:

• The way an community addresses 
climate change, sustainability 
concerns will have an impact on 
its reputation

• Failure to comply with legislation 
can damage reputation

• Increasingly, sectors such as 
energy, aviation, automobile 
industries increasingly expected 
to act beyond basic legal 
requirements

• Gov’t services no exception



Koval, Torys LLP
Engineering Dimensions, PEO, 2013

“There is a real risk that infrastructure 
stakeholders (those with ownership, 
planning, design, operation, etc.) could be 
liable to people who suffer personal 
injury or property damage caused by 
infrastructure adversely affected by 
climate change.” 

“In fact, the legal framework in Canada 
currently permits a court, in the right 
circumstances, to find infrastructure 
stakeholders legally liable for personal 
injury and property damage suffered by 
third parties, including, in the case of 
design professionals, on the basis of 
negligence.”

The Impacts Cause Failures, Resulting in 
Damages & Costs, and Pursuit of Liabilities. 



Infrastructure and Climate Change

Photos courtesy 
Jane-Finch.com

August 2005 Storm - Toronto

Photos courtesy 
Jane-Finch.com



Toronto:  August 2005 Storm 

Toronto  has 
154 large 
culverts

TOTAL
$547  Million, 
One event, 
One Major 
CulvertSource: Engineers Canada



Direct Impacts on Infrastructure

Direct impacts :
 Intensity of precipitation 
 Seasonality and forms of 
precipitation 
 Sea Level 
 Coastal & Riverine Flooding
 Freeze‐thaw cycles
 Degradation of Permafrost

•All affect critical infrastructure.



Indirect Impacts on Infrastructure

Indirect impacts: 
• More frequent, more severe 
water shortages

• Altered peak energy demand 
patterns, brown outs, power 
disruption

• Reduced service levels
• Abandonment in inundation 
zones

• Critical failures



Climate Change Realities Facing 
Public Infrastructure Sector
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Image: Reuters/Lucas Jackson 

• Major Infrastructure projects expected to provide service extending 
decades into the future
• Expensive assets, often long service lives,  in store for significant 
climate changes, but designs currently do not consider these shifts.
•We are witnessing significant changes now.
•Climate Change will not occur gradually.
• No need to wait for action.



The Response to 
the Challenge:

Climate 
Vulnerability 

Assessment and 
Resiliency 
Planning
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Managing Climate Change Impacts
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Many communities and organizations
have made good progress on emissions mitigation
in response to Climate Change, but have done little
in adaptation planning  to manage climate-induced  risks
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• Update 
knowledge

• Identify 
Thresholds

• Data gaps

• Monitor for trends
• Monitor for critical 

thresholds

Adapted from: Resilience Engineering in Practice: Guidebook



Steps to Manage Climate Risk



Managing Climate Risk for Organizations:
Step 1: Build Awareness

• Build common base of understanding of 
physical risks of climate change and 
extreme weather and their potential impacts 
on City’s activities:

• Operations
• Facilities
• Supply chain
• Employees
• Customers
• Communities

Slide 37



Managing Climate Risk for Organizations:
Step 2: Assess Vulnerabilities

• Expand risk assessments to identify 
the extent that weather extremes or 
shifts could adversely impact facilities 
and operations. 

• Use past indicators, current trends, 
future climate projections to establish 
scenarios and assess sensitivity to 
these conditions in

• Core operations
• Value Chain
• Broader inter-agency network
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Source: Pew Centre on Global Climate Change 2009



Managing Climate Risk for Organizations:
Step 3: Manage Risks and Pursue Opportunities

• Climate change impacts 
often present risks to 
some activities, benefits 
to others.

• Identify your risks, prioritize 
the risks by severity of 
consequence and develop a 
list of risk reduction measures 
initiated by priority.
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Managing Climate Risk for Organizations:
Step 4: Ongoing Assessment and Review
• Climate change risks are complex, so 

strategies for cities must be also be 
adaptable, and flexible

• Climate Change Adaptation Plans are 
“living documents”, subject to regular 
revision to:

• Incorporate new info 
• Accounting for ongoing 

adaptations
• Climate vulnerability assessment and 

management is an ongoing process and 
ongoing obligation
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Source: Adaptive Management: Whicker 2008



Managing Climate Risk for Organizations:
Step 5: GET STARTED!
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“Sooner or later all businesses will have to 
climate-proof their operations. Adaptation 
will be imperative if businesses want to 
avoid climate change impacts that could 
drive them out of business”  

Christiana Figueres, Executive Director



Benefits of Resiliency 
Planning through Climate 
Vulnerability Assessment
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Benefits of Climate Vulnerability 
Assessment, Resiliency Planning for Infrastructure

• Identifies nature and severity of risks to 
components

• Quick identification of vulnerabilities

• Structured, documented approach ensures 
consistency and accountability: due diligence

• Informs adjustments to design, operations and 
maintenance 

• Can be applied to new designs, retrofitting, 
rehabilitation and operations and maintenance

• Findings inform resiliency planning and 
response plans



Building In Resiliency for Infrastructure Projects: 
Starts with Procurement

• For Infrastructure Projects with:

• low price emphasis

• no scope or project budget allotment for 
Climate Vulnerability Assessment

• Climate Vulnerability Assessment 
likely won’t happen.

• Including Climate Vulnerability Assessment into 
Infrastructure Projects is justified:

• due diligence (identifies measures to to reduce 
assessable risk)

• Growing indefensibility of designs that do 
not consider climate change

• maximizes public expenditure investment value 
over life cycle of asset. 

Image: OmniTrax Canada, 
near Port of Churchill



Opportunities for Resilience:
Build-In a Pre-development Process for Infrastructure 
Projects

• In January 2015, White House 
issued Presidential 
Memorandum on funding for pre-
development of infrastructure

• Predevelopment= “phases of 
infrastructure project development 
that precede construction”

• Emphasis on resiliency 
improvements

• Seen as effort to reverse decades of 
underinvestment in US infrastructure

Source: RE:Invest, A Roadmap for Resilience.
Rockefeller  Foundation



Our Obligation to Reduce Risk, 
Protect the Interest of the Public

“The world is entering a future in which risks 
are more concentrated and more complex.  
That is why we are pressing for policies that 
reduce those risks through preparation, 
adaptation, and mitigation.  That will be 
cheaper than covering tomorrow’s losses after 
disaster strikes.

Bruno Porro, Chief Risk Officer, 
Swiss Re
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Thank You

Roger Rempel, P. Eng. 
FEC
Sr. Environmental 
Engineer
Climate Impacts 
Specialist

rempelr@mmm.ca


