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Case Study:
Climate Change Rainfall Adaptation Strategy



Project Objectives

Review impacts
of City’s climate
change rainfall
projections as
applied to three
case study areas

Develop
screening level
assessment to
identify high
risk areas

Evaluate
performance
of stormwater
system

Develop and
evaluate
adaptation
measures

1 2 3 4



City of Surrey

• Area: 317 sq.km.
• Population: over 500,000





Future Climate Change Projections

Average increase in projected rainfall statistics:

Planning Horizon Increase Relative to 2013 IDF

2030’s 20%
2050’s 35%
2080’s 68%



Why does this matter?



Why does this matter?

• Key objective is not pipe sizing –
it is identifying impact to society
(economic losses)

• River & coastal flood risk is well understood;
rainfall flooding risk not so much…
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Weather-related Loss Events Worldwide 1980-2015



Top Flood/Storm Events for Insurance Payouts



Top Flood/Storm Events for Insurance Payouts

Extreme Rainfall



The Hydrologic Model



Hydrology: Rainfall



Hydrology: Rainfall

• Different Terms for Probability

• Return Period
• Flood Frequency
• Exceedance Probability
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100 Year Flood

The magnitude of flooding which has a
1% chance of occurrence in any year



Hydrology: Rainfall

• Different Terms for Probability

• Return Period
• Flood Frequency
• Exceedance Probability

100 Year Flood

The magnitude of flooding which has a
1% chance of occurrence in any year

Key Point: Annual Probability



Hydrology: Runoff

• Definition:

• Varies By Catchment Parameters
• Area, Slope, Soil Type,

Land Cover
• Varies By Rainfall

“The volume of rainfall which
flows off an area.”



Hydrology: Runoff



Hydrology: Climate Change

Adapted from PIEVC Risk Table, Engineers Canada

1:5001:1 000 1:200 1:100 1:50 1:1

Adaptation



The Hydraulic Model



The Hydraulic Model

MH
Pipe

The Traditional Approach



The Hydraulic Model

CatchmentCatchment

100% collection efficiency

No exchange of flow between minor and major system

Excess flow stored at nodes

No transference of flow to next d/s node

The Traditional Approach



The Hydraulic Model

MH
Pipe

The Traditional Approach



5-year (2013)



100-year (2080)



The Hydraulic Model

Pipe
CB

MH

CB

Pipe

Major System
can flood
roads and
properties

The New Approach



The Hydraulic Model

Pipe
CB

MH

CB

Pipe

Major System
can flood
roads and
properties

The New Approach

Why Model this?
- Don’t we have a Major System?
- Isn’t it supposed to be safe?



Imperial Street between
Walker and Canada Way

Sag



Sag



The Sag



Sag



5-year (2013)



100-year (2080)

What does Flooding Mean?



The Flood Damage Calculations



The Flood Damage Calculations

• Depth-Damage Curves

Overview…



Depth Damage Curves
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Average Annual Risk



Average Annual Risk

• Where:

• n = The total number of return periods

• D = Damage at a given return period ($)

• R = Return Period (i.e. 50, 100, etc.)

• Y = Record of Interest (years)



The Model Results



The Model Results
Analysis
• Hydraulic Analysis to estimate flood extents

• Flood Damage Calculations

Time Horizon 5-year (20% AEP) 100-year (1% AEP)
2013 P P
2030 P P
2050 P P
2080 P P



The Model Results
Area 1 – Older Residential Area 5-year (2013)

Does it Matter?



The Model Results
Area 1 – Older Residential Area 5-year (2013)



The Model Results
Area 1 – Older Residential Area 5-year (2080)



The Model Results
Area 1 – Older Residential Area 100-year (2080)



The Model Results
Area 2 – Newer Residential Area 5-year (2013)



The Model Results
Area 2 – Newer Residential Area 5-year (2080)



The Model Results
Area 2 – Newer Residential Area 100-year (2080)



Mitigation Options



Available Adaptation Options
• Backflow Preventers
• Lot-Level Storage
• Sump Pumps
• Basement Window Well

Protection
• Bylaw Changes to Reduce

Flood Vulnerability
• Modify Overland Flow

Paths
• Lot Grading Strategy

• Purchase & Abandon
Property

• Minimum Building Elevation
• Upgrade Pipe Conveyance
• Pipe Storage
• Peak Flow Diversion
• New Community Ponds
• Retrofit Existing Ponds



Sewer Backflow Preventers



Mitigation Options
Sewer Backup Valves
• Benefit–Cost Ratio:

200 to 400
• Easy Implementation



Upgrade Pipe Conveyance



Mitigation Options
Pipe Upgrades

• Sized for 5-year 2080
• Benefit-Cost Ratio =

15 to 50



MBE Strategy



Mitigation Options
Minimum Building Elevation
• Sized for 100-year 2080

• Benefit-Cost Ratio
= 15 to 80

• Long
Implementation



Modify Overland Flow Paths



Mitigation Options
Modify Overland Flow Paths
• Sized for 100-year 2080

• Benefit-Cost Ratio
= 15 to 80

• Long
Implementation



Insurance & DFA Assistance



Questions?

• Home Insurance….
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• So, I’m moving to Calgary…
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• So, I’m moving to Calgary…



Summary



Summary

• Why evaluate overland flow?

Don’t assume “safe” overland flow



Summary

• Why evaluate overland flow?

It’s not always a problem



Summary

• Why evaluate overland flow?

Find Simple Solutions



Questions?



Contact Andrew Wiens, P.Eng.
email: wiensa@ae.ca

office: 403-262-4500


