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Interaction

« The course is being recorded
(your participation confirms your agreement)

« Cameras and Microphones are off
* Polls to receive your feedback

 Chat is open
 During Presentation and Q&A
« Comments are welcome and will be monitored
* Please send comments to Everyone not the
presenter
* Technical issues, chat issue to EngGeoMB

* Follow-up with survey and details of the presentation
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Course

 Overview and Highlights of Previous Courses
* Climate Change Resilience Assessment

« Example Project

* Defining the Scope of an Assessment

* Defining Climate Data

* Assessing Risk

 Evaluating and Treating Risk

e Question and Answer Session i»’f\
@
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Overview

* Course will walk you through a climate change risk
assessment (CCRA), using the PIEVC process

« Demonstrate how climate data is obtained and used In
assessing and managing risk, informing design
parameters/criteria and communicating climate impacts.

INFRASTRUCTURE CLIMATE RISK ASSESSMENT -
FEATURING THE PIEVC PROCESS

Besigning or building infrastructure te last? Using Manitoba-themed example
projects and case studies, this course will previde PIEVC teals to conduct elimate risk
assessment on infrastructure systems.
+ Prerequisites: Climate 101, Manitoba's Changing Climate, Climate Risk
Anzessmenl Core Principles
« Recormmmended prerequisite; Climate Change 101
= ‘Week of January 24, 2022
= S0mIin
& e

= Wirtual ‘ \
» Presented by & .
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Overview

Greater risk of

 Manitoba’s Climate is Changing
« Warmer and wetter winters

 Longer, warmer and drier
summers.

* Greater variability in precipitation
 Greater frequency and intensity of

Heat waves and cold snaps
Droughts and floods

ntense storms
i3
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Overview

 Impacts

* Flood and drought risks will be
higher

« Warmer winters will degrade ice
roads making it harder to transport
supplies to communities.

 Extreme weather events will impact
Insurance costs and government
spending on disaster relief.
s B
’ én
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Highlights of Previous Courses

MANITOBA CLIMATE '@
RESILIENCE TRAINING oo

BUILDING ADARTATION KNOWLLEDGE
AND EXPERTISE

COURSE CATALOGUE 2021/2022 MCRT Courses

https://mcrtproject.ca
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Highlights of Previous Courses
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Climate Change Risk Assessment

* PIEVC Process

« Systematic process to assess historic
climate and project the nature,
consequence and likelihood of future
climate changes and events on
Infrastructure to inform on
Infrastructure planning, design,
operation and management.

* Public Infrastructure Engineering
Vulnerability Committee (Engineers Canada)
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Climate Change Risk Assessment

 PIEVC Program

« Ownership and control of the
PIEVC Program through a
partnership consisting of the

nstitute for Catastrophic Loss

Reduction ( ), the Climate

Risk Institute ( ) and

Deutsche Gesellschaft far

nternationale Zusammenarbeit

( ) GmDbH.

« PIEVC Protocol
« PIEVC High Level

Screening Guide

« PIEVC Large Portfolio

Assessment Manual

i3
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Why Assess Risk?

 To deal with uncertainties of future climate

 To deal with risks to physical infrastructure
and infrastructure service and disruptions

 To protect people, property and environment

 To consider legal, financial and lifecycle
and management

* To prioritize actions to adapt to increasing challenges and impacts
 To change the way we design, build and manage infrastructure
* To be more sustainable and more resilient
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When to Assess Risk?

Principles

* Full lifecycle
* Planning
* Design
 Operation

» Upgrade ‘ ‘

ISO 31010 informs a
comprehensive risk
management process
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When to Assess Risk?

* Full lifecycle
o P I
Iaqnlng e/
° I)eS|gn Water Supply
* Opel’atlon Storm/Sanitary

 Upgrade Sewer

Roads &
Bridges

Houses/
Buildings

Base system 50-100 yrs
Refurbishment 20-30 yrs
Reconstruction 50 yrs

Base system 100 yrs
Major upgrade 50 yrs
Components 25 - 50 yrs

Road surface 10 - 20 yrs
Bridges 50 - 100 yrs
Maintenance annually
Resurface concrete 20-25 yrs
Reconstruction 50-100 yrs

Retrofit/alterations 15-20 yrs
Demolition 50-100 yrs .i " |
i\""ﬂfﬂﬂ
—_— ==y ENGINEERS MANITOBA CLIMATE

— ] GEOSCIENTISTS

MANITOBA RESILIENCE TRAINING



PIEVC Applications

e Infrastructure Canada’s Climate Lens

* Provincial and municipal climate lens assessment requirements.
« Assessments to support applications of the First Nations

Infrastructure Resiliency Toolkit.

« Asset management, capital and master planning.

* Infrastructure operations and management evaluation and

review.
« Asset portfolio assessment and evaluation.

i3
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PIEVC Applications

« Concept and preliminary engineering design.
« Green and natural infrastructure assessments.

* Preliminary reporting on climate risk as part of Carbon
Disclosure Project or other financial requirements.

* Informing Emergency Management and Business Continuity
Management practices.

« Applications requiring standard risk assessment
methodologies compliant with ISO 31000 and ISO 14090.

i3
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PIEVC Process
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Example Project

« Highway 10

near the

Town of

Minnedosa

*
Note: This is not an actual assessment. »
The example project and location is "1\.
used solely to demonstrate the process .’ 4
e
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Example Project

 Highway 10
near the
Town of
Minnedosa
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Example Project

 Highway 10 GoogleMaps M1
near the
Town of
Minnedosa

Imagery ©@2027 CNES / Airbus, Maxar Technologies, Map data ©@2021 200 m
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Example Project
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Example Project

L%

_Lal |
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Example Project Resources

« Team Resources may include:
* Risk assessment specialist(s)
* Climate specialist(s)

Planners / Technical / Professional
Engineer(s)

Natural Environment Subject Matter
Expert

Operation & Maintenance

« Management, Finance, Legal
 Non-organizational stakeholders
Indigenous
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Defining the Scope

e Establish

* Infrastructure

* Climate

« Time Horizon
 Geographical Setting

« Applicable Jurisdictions
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Defining the Scope - Infrastructure

nghway Adjacent Infrastructure Bundlng

Road

e Pavement Structure
*  Embankments
Drainage

*  Culverts

+ Ditches
Highway Safety

* Maintenance
+  Guardrails

. Signage
 Lighting

Bridge

Bridge Substructure
Bridge Superstructure
Bridge Deck

Joints and Bearings

Drainage

Bridge Safety

Railings
Maintenance

Little Saskatchewan River

River (elevation)

Facilities

Industry Sites

MB Public Works Yard

Roads and Paths

Rail Infrastructure

Water and Wastewater Facilities
Community Buildings / Schools
Public Areas (trails, parks)
Drainage Infrastructure

River

Maintenance

— m——— ENGIMEERS

Envelope

Roofing

Foundation

HVAC Components

Building Controls, Automation
Life Safety (Fire)

Plumbing

Lighting

Communication and Security
Electrical

Drainage, Parking, Site
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Temperature

Precipitation as Rain

Precipitation as Show

Hail

Ice Accretion
Flooding

Fog

Ice
Frost

Wind Speed

Fire
Lightning

Defining the Scope - Climate

Mean values

Extremes

Frequency and Intensity
Annual/seasonal precipitation and rain
Drought conditions

Annual/seasonal precipitation and snow
Magnitude of snow events

Rain on snow events

Freqguency of events

Magnitude of events

Ice storm events

Ice buildup on infrastructure

River / Lake Flooding

Flooding (precipitation)

Frequency

Visibility

River or lake ice

Freeze thaw cycles

Change in frost season

Extreme gusts / Thunderstorm winds
Tornado event frequency/intensity
Wildfire / Smoke

Lightning
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Temperature

Precipitation as Rain

Precipitation as Show

Hail

Ice Accretion
Flooding

Fog

Ice
Frost

Wind Speed

Fire
Lightning

Defining the Scope - Climate

Mean values

Extremes

Frequency and Intensity
Annual/seasonal precipitation and rain
Drought conditions

Annual/seasonal precipitation and snow
Magnitude of snow events

Rain on snow events

Freqguency of events

Magnitude of events

Ice storm events

Ice buildup on infrastructure

River / Lake Flooding

Flooding (precipitation)

Frequency

Visibility

River or lake ice

Freeze thaw cycles

Change in frost season

Extreme gusts / Thunderstorm winds
Tornado event frequency/intensity
Wildfire / Smoke

Lightning
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Defining the Scope - Time Horizon

2051-2080

2021-2050
Recent Past

150

Base system 50-100 yrs

Dams/ ;

Refurbishment 20-30 yrs wn
HiieetnEly Reconstruction 50 yrs p>3‘
o

. Base system 100 yrs Y 100
Storrgéfvzrsltary Major upgrade 50 yrs o
Components 25 - 50 yrs ﬂ_;_‘
Road surface 10 - 20 yrs s
i - [

RE50s & :rl_dges 50 - 100 y:ls 3 50
e aintenance annually =
Resurface concrete 20-25 yrs 5
Reconstruction 50-100 yrs z

Houses/ Retrofit/alterations 15-20 yrs
Buildings Demolition 50-100 yrs 0
1950 1975 2000 2025 2050 2075
Year
— Ensemble mean ~— Historical Values
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Defining the Scope - Geographical Setting
and Jurisdictions

 Provincial
 Municipal
 Private

i
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Defining Climate Data

 Collect data on:

« Baseline Climate
(Recent Past)

* Climate Change
(2050, 2080)

e Time Horizon

 Establish level of
precision

* Level of assessment =
Level of detail

e
Project Definition

!

step2
Data Gathering &
Sufficiency

Risk Assessment

Engineering Analysis
[Optianal)

---------------

Conclusions &
Recommendations
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Defining Climate Data

 Climate Resources
 Climate West (climatewest.ca)
 ClimateData.ca

 Climate Atlas of Canada
(climateatlas.ca)

« PARC Data Applications
(Www.parc.ca)

 Flood Mapping, Flood Studies,
Modeling

 Refined data sets and technical
documents prepared by
municipalities

Cp) g!j‘mﬁte Atlas
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Defining Climate Data

Climate Atlas Report
Municipality: Minnedosa

 Climate Atlas of |

RCP 8.5 High Carben climate Tuture
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Defining Climate Data
Climate Atlas Report

Municipality: Minnedosa

RCP 8.5: High Carbon climate future

GHG emissions continue to increase at current rates
1976-2005

Variable Pariod

Precipitation (mm) annual

Preciplitation (mm) spring

Precipitation (mm) SUMmer

Precipitation {mm) fall

Precipitation (mm) oo
Mean Temperature ["C) 0

Mean Temperature ["C)

Mean Temperalure ["C) SUmmear
Mean Temperature ["C) . fall
Mean Temperature [*C) winter
Tropical Nights annual
Vary hot days (+30°C) annual
Vary cold days (-30°C) annual
Date of Last Spring Frost annual

Date of First Fall Frost annual

Frost-Free Season (days) annual

Mean

480
107
208
100

May 21
Sep. 18
118

2021-2050
Low Mean High
iTe 511 656
L1 19 187
121 21 33
52 109 178
43 108
2 5.5
0.2 BT
7 18.9 20.8
3 5.2 T3
-16.9 13 8.3
o b | 5
5 19 36
1 a 19
April 27 May 13 May 30
Sep.9 Sep. 28 Oct. 18
108 135 160

2051-2080
Low Mean High
375 513 665
o7 126 199
110 201 308
55 108 173
48 ' 118
4 o 8.3
2.4 9
18.7 21.2 23.5
53 75 98
A4 10 58
1] 8 20
14 38 62
0 3 8
April 13 May 4 May 21
Sep. 20 oct, 9 oct, 28
127 154 184
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Assighing Likelihood Scores

RCP 8.5: High Carbon climate future
GHG emissions continue to increase at current rates

1976-2005 2021-2050 2051-2080
Variable Period Mean Low Mean High Low Mean High
Precipitation (mm) annual 480 378 511 656 75 513 665
Precipitation (mm) spring 107 60 119 187 67 126 199
Precipitation (mm) summer 208 121 mn 313 110 201 3oe
Precipitation (mm) fall 100 52 109 178 55 108 173
Precipitation (mm) winter 00 43 109 46 118
Mean Temperature ("C) annual o 2 55 4 o 8.3
Mean Temperature ("C) spring 0.2 6.7 24 9
Mean Temperature (*C) summer 16.7 17 189 208 18.7 212 235
Annuai H Likelihood
B =
4
Mean T""mperatu re Negligible <1in 1,000
Not Applicable
Highly Unlikely 1in100 Likely to occur less frequently
Improbable than current climate
_ Remotely Possible 1in20
Possible 1in10 Likely to occur as frequently
Occasional as current climate
Somewhat Likely 1lin5
Normal
m Likely >1in25 Likely to occur more frequently
Frequent than current climate
— ENGINEERS
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Assighing Likelihood Scores

Temperature

Mean Temperature|Mean Temperature|Mean Temperature Very Hot Days Very Cold Days Freeze Thaw
(+30 deg C) (-30deg C) Cycles

BRI
w ol s] [m SRS

Climate Atlas
Data or
Projection

Assigned
Likelihood
Score

—
— ] GEOSCIENTISTS RESILIENCE TRAINING

MANITOBA




Assighing Likelihood Scores

Precipitation
Intensity Intensity Clg;%?t?glzs Prevc\;/igji:Ztrion Ice Storms
A I Five Dav M Heavy
 OAHS ve Lay viax Precipitation Days Snow (mm) Ice Storms
Precipitation (mm) | Precipitation (mm) (20 mm)

II II II - I HI II

2050 511 244 7

G Bell e

Climate Atlas
Data or
Projection

Assigned
Likelihood
Score
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Assighing Likelihood Scores

‘ Extreme Events

Extreme Winds Lightning vg.rl:zrkz/

- I

Climate Atlas
Data or
Projection r
.
Assigned . é.
Likelihood \"’
Score ®
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Assessing Risk

 Important
considerations:
* Risk tolerance

« Are climate
Interactions possible?

e Cumulative or
combination events

* Likelihood scoring
« Conseguence scoring

 Judgments on
uncertainties

Stepl
Project Definition

!

step2
Data Gathering &
Sufficiency

-

MNao

g T
Conclusions & 2 [<-=-~---
Recommendations

'
'
i

.......... ' .

o
Risk Assessment —

Engineering ™. _ __ _ __
., Analysis? F

Engineering Analysis
[Optianal)

i3
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Assessing Risk

e Risk (R) is defined as '

the product of the 1 RN |
Likelihood (L) of an : B - o+« 8w
event and the : — (IR O O

Consequence (C) of ’
that event - should it ol N NN peprypuse | [, Somesbaihey ke

occur,

0 1 2 3 4 5

. R=LXC*

—:IEE-:E;NCE:£$ISTE MANITOBA CLIMATE
RESILIENCE TRAINING

MANITOBA



Assessing Risk

e Risk Assessment Worksheet e Poreetere

e

Climate Parameter

Consequence Score Temperature Precipitation Extreme Even
0 - No Effect -
1- In‘s\gn cant Annual Summer Winter Extreme Extreme Freeze Thaw Annual Intensity Intensity Drogght W.m.ter. Ice Storms | Extreme Winds
2 - Minor Conditions Precipitation

3 - Moderate

" Heavy

4 - Major Mean Temperature|Mean Temperature| Mean Temperature| Very Hot Days Very Cold Days Freeze Thaw Annual Five Day Max Precipitation Days Dry Days I
(20 mm)

5 - Catastrophic (deg C) (deg C) (+30 deg C) (-30 deg C) Cycles Precipitation (mm) | Precipitation (mm)

Climate Projections.
(Climate Atias - RCP 8.5)

Infrastructure Components

Road
Infrastructure bl (3] ol [s] Lo| Ls| Lo| [s] [of [s! [of Ls| Lo| Ls| [of [=] [ol [s] [o] Ls| [of Ls| [o] [s| [ol [s] [of [s] [of [s
I -|Pavement Structure | s 4 0 4 0 2 0 4 0 0 2 0 4 0 3 0 4 o 3 0 4 0 4 0 4 0 4 0 4
Components we] [5] o] 51 o] 21 ] 51 [ nEnEnEnEnEnEnEnEnEnEnEnEnEnEnEnEnEnEnEn
Pres 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3
~|Embankments 205 4 0 4 0 2 0 4 0 2 0 2 0 4 0 3 0 4 0 3 0 4 0 4 0 4 0 4 0 4
I 208 5 o 5 o 2 o 5 [ 1 [ 2 0 5 0 3 [ 4 0 3 [ 4 [ 5 0 5 0 5 0 5
Drainage
Pres 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3
~|Culverts 205 4 [ 4 [ 2 [ 4 [ 2 [ 2 [ 4 [ 3 [ 4 [ 3 [ 4 0 4 0 4 0 4 0 4
2080 5 0 5 0 2 0 5 0 1 0 2 0 5 0 3 0 4 0 3 0 4 0 5 0 5 0 5 0 5
Present 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 [ 3 0 3
~|Ditches 205 4 0 4 0 2 0 4 0 2 0 2 0 4 0 3 0 4 0 3 0 4 0 4 0 4 0 4 0 4
I 208 5 o 5 o 2 o 5 ) 1 ) 2 o 5 o 3 ) 4 ) 3 0 4 0 5 0 5 0 5 0 5
Highway Safety
Pres 3 0 3 0 3 0 3 3 3 0 3
-Maintenance 205} 4 0 4 0 2 0 4 4 4 0 4
2080 5 [ 5 [ 2 [ 5 4 5 0 5
Pres 3 0 3 0 3 0 3 3 3 0 3
=|Guardrails 205} 4 0 4 0 2 0 4 4 4 0 4
I 208 5 0 5 0 2 0 5 4 5 0 5
Present 3 0 3 0 3 0 3 3 3 0 3
~|Signage 20 4 o 4 0 2 o 4 4 . . .
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Assessing Risk

e Risk Assessment (Workshop)
« Working as a Group

 Review infrastructure
components and climate data

 Evaluate if each infrastructure
component will interact
with/exposed to a given climate
parameter (Y / N)

 Evaluate the consequence of the climate
Interaction. Assign a Consequence Score (C)

» Review risk assessment results and discuss
how the risks could be addressed
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Assessing Risk

* Risk Assessment (Workshop)

e Review Risk = Likelihood x
value
provided.

 Evaluate if a given
infrastructure
component will interact
with a given climate
parameter (Yes / No)

Low Risk

Method D

No Effect

¢« Review Risk Medium Risk

Mo Scores (R) for
each item High Risk
Moderate

Major

Insignificant

 Evaluate the
consequence of the
climate interaction.
Assign a Consequence
Score (C)

Catastrophic

—
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Assessing Risk

Climate Parameter

0 - No Effect y ¥
5 oderste Mean Temperature|Mean Temperature|Mean Temperature| Very Hot Days | Very Cold Days | Freeze Thaw edl)] Flood Risk Report
‘; . "C”;’z;mphic (deg C) (deg C) (deg C) (+30 deg C) (-30deg C) Cycles RIS B Snow (mm) {ce SiomS fomado foht 1ce Jams

Climate Projections
(Climate Atlas - RCP 8.5)

Infrastructure Components

Road
Present 3 0 3 12 3 15 3 9 3 12 3 12 3 6 3 9 3 12 3 9 3 9 3 12 3 0 3 0 3 9 3 9
-|Pavement Structure 2050 4 oY |44 Y| 2|s|10|v |4 3|12y |2]|4|8|Y|2|a|8|Y|4a]|2|8|Y|3|3]|9|Y|[4|a|16] Y |[3|3|0]|Y|a]|3|[22|]Y]|4]a 4 0 4 oY |4 |s||Y|4]3 |12
2080 5 0 5 20 2 10 5 15 1 4 2 8 4 8 3 9 4 16 3 9 4 12 5 20 5 0 5 0 5 15 5 15
Present 3 6 3 6 3 6 3 0 3 0 3 9 3 9 3 12 3 12 3 9 3 9 3 0 3 0 3 0 3 9 3 12
«|Embankments 2050 | Y| 4|28 |y|a|l2|8|y|2]2]4 4 o 2 ofly|2|3|6|y|a|3]12|y[s|4a|12|y|a|a]16]y |33 |o|y|a|s|n 4 o 4 o 4 o|y[a|3|2|y|a]|4]1e
2080 5 10 5 10 2 4 5 0 1 0 2 6 4 12 3 12 4 16 3 9 4 12 5 0 5 0 5 0 5 15 5 n
Drainage
Present 3 o 3 o 3 o 3 3 o 3 9 3 6 3 12 3 12 3 6 3 9 3 3 o 3 o 3 3 9
-|Culverts 2050 4 0 4 0 2 0 4 2 ofly|2|3|6|y|4a|2|8|y|[3|a|m2|y|4|a 6]y |3|2|6|y|a]|3]|n 4 4 0 4 oy |[4]4 y |43 |12
2080 5 o 5 o 2 o 5 1 o 2 6 4 8 3 12 4 16 3 6 4 12 5 5 o 5 o 5 5 15
Present 3 0 3 0 3 0 3 3 0 3 9 3 6 3 12 3 12 3 6 3 9 3 3 0 3 0 3 3 9
N Ditches 2050 4 0 4 0 2 0 4 2 0 2 3 6 y 4 2 8 y 3 4 12|y 4 4 | 16 y 3 2 6 y 4 3 12 4 4 0 4 0 y 4 4 y 4 3|12
2080 5 o 5 0 2 0 5 1 0 2 6 4 8 3 12 4 16 3 6 4 12 5 5 0 5 0 5 5 15
ghway Safety
Present 3 0 3 0 3 6 3 3 12 3 0 3 0 3 9 3 12 3 6 3 9 3 3 12 3 12 3 9 3
- Maintenance 2050 4 o 4 oy |l2|2]a|y[a]4 y| 2|48 2 o 4 oy 3|3 o y|a|lalte|y |[3]|2|6|y|[a|d|n]|y|a]4 y |44 y a4 y|a|3|n2|y|[a]4
2080 5 0 5 0 2 4 5 1 4 2 0 4 0 3 9 4 16 3 6 4 12 5 5 20 5 20 5 15 5
Present 3 0 3 0 3 0 3 3 0 3 9 3 0 3 0 3 9 3 0 3 9 3 3 0 3 0 3 0 3
“ Guardrails 2050 4 o 4 o 2 o 4 2 o y 2 3 6 4 o 3 o y 4 3 (12 3 o y 4 3 12|y 4 3 4 o 4 o 4 o y 4 3
2080 5 0 5 0 2 0 5 1 0 2 6 4 0 3 0 4 12 3 0 4 12 5 5 0 5 0 5 0 5
Present 3 0 3 0 3 0 3 9 3 0 3 9 3 0 3 0 3 9 3 0 3 12 3 9 3 12 3 0 3 0 3
~|Signage 2050 4 0 4 0 2 oy |4]|3]|12 2 o|y|2]|3]|se 4 0 3 oy |43 |12 3 Oy |4|4|B|y|4|3[12]y|4|4]16 4 0 4 ofy|4]3
2080 5 0 5 0 2 0 5 15 1 0 2 6 4 0 3 0 4 12 3 0 4 16 5 15 5 20 5 0 5 0 5
Bridge
. Present 3 0 3 0 3 0 0 3 0 3 9 3 0 3 0 0 0 3 0 3 0 3 0 3 0 3 12 3 12
Bridge Substructure / =1 1 1 1 S v B v B s O e S e A v e O e B e 1 1 = Ml Tl Mo = ol M el Mol vl
- N 2050 4 0 4 0 2 0 0 2 0 y 2 3 6 4 0 3 0 0 0 4 0 4 0 4 0 4 0 y 4 4 16 y 4 4
Foundatlon 2080 5 0 5 0 2 0 0 1 0 2 6 4 0 3 0 0 0 4 0 5 0 5 0 5 0 5 5 20
Present 3 0 3 9 3 9 12 3 9 3 12 3 0 3 9 12 0 3 9 3 0 3 9 3 0 3 6 3 9
-|Bridge Superstructure 2050 4 oy |4a|3|12|y|2|3]|6]|y 4 16|y |2|3|6|y|[2]|4]|3s 4 oy |[3|3]9]y 4 |18 oy |[4]3]|12 4 0 y |43 |12 4 oy |4]|2|8 y|a|3]|12
2080 5 0 5 15 2 6 1 3 2 8 4 0 3 9 16 0 4 12 5 0 5 15 5 0 5 10 5 15
Present 3 0 3 9 3 9 12 3 9 3 12 3 0 3 9 12 0 3 9 3 12 3 9 3 0 3 6 3 9
® Bridge Deck 2050 4 o|y|a|3|12|y|2|3|6]|y 4 16|y |2[3|6|y|2]4]|s 4 oy |[3[3|9]|y 4 |16 o|y |43 |12|y|4a|4|[16 y|a]|3]|12 4 of|y|a|2|8 y|a]3|12
2080 5 0 5 15 2 6 1 3 2 4 9 16 0 12 5 n 5 15 5 10 15
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Risk Evaluation and Treatment

 Engineering Analysis e
 Optional N
Dmatﬁr-ing&
« Evaluate Risk: le_
« Summaries / Prioritize —
Risks (Low/ Medium High) Risc Assessment

 Review rational for
consequent scoping

 Begin to develop
treatment options

Engineering Analysis
[Optianal)

Conclusions &
Recommendations

ENGINEERS MANITOBA CLIMATE

GEOQSCIEMTISTS
MANITOBA RESILIENCE TRAINING



Risk Evaluation and Treatment

« Recommendations:

Risk mitigation /
adaptation actions

« Avoid / Retreat / Protect
/ Accommodate

 Natural Infrastructure

« CC Based Codes
Standards

No further action
Remedial action
Management action
Additional Study

Avoid //\4\ /Aq\
Retreat {2

|
Protect

|

Accommodate

—_— ==y ENGINEERS MANITOBA CLIMATE
RESILIENCE TRAINING
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Risk Evaluation and Treatment

« Example
Project

Road

Pavement Structure

Comments

Medium risks were noted in the near and far future
related to extreme high and low temperatures, high
intensity rainfall events winter precipitation ice storms
and wildfire smoke. High risks were identified in
extreme heat and ice storms.

Risk Action

Remedial Action

Management Action
No Further Action

Further Study or Work Requires

Remedial Action / Further Study: Ml should
review pavement structure design for increased
temperature and impacts to surface during ice
storms.

HVAC Components

Medium risks were noted in the near and far future
related to average temperature increases, extreme
high and low temperatures, high intensity rainfall
events winter precipitation ice storms, lightning and
wildfire smoke. High risks were identified in extreme
heat and wildfire smoke.

Remedial Action / Further Study: HVAC upgrades
should consider future extreme temperatures.
Increased wildfire smore may require upgrades to
building filtration and air exchanges. Building
should consider additional insulation, increased
shading or other upgrades to reduce impacts to
HVAC systems.

— m——— ENGIMEERS
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Risk Evaluation and Treatment

 Next Steps:

 Further risk assessment on high
and medium risk

* Inform concept or planning phases
of infrastructure on areas to adapt

 Use the climate data and risks to
iInform design

* Inform operation and maintenance
activities

* Inform infrastructure upgrades on
areas to adapt

* Inform adaptation plans

v/
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Risk Evaluation and Treatment

e Communication

« Reporting / Presentations /
Workshops / Stakeholder
Engagement

* Decision Making (Context) .
 Financial case study J
« Cost benefit analysis

* Triple Bottom Line analysis

 Opportunities to integrate
sustainable infrastructure

i3
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PIEVC High Level Screening Guide

« Ak dsmcawent Treculit

o Cowuie Spoosat

PILVE™ FAMILY DF HESOURCES

PIEVC High Level Screening Guide

B guich e complbeting seoeening beosl dimals dharge sk stz wdeg The FIFWC Prooees

Bl e 4
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PIEVC High Level Screening Guide

Water Supply Water Supply Intake structure
System Intake = Eone sl | Ours o Poun » B9 a2 . M o . :::- o wras G j_""':‘" - -~y o g
Raw Water Pump Stations Extreme Heat a |
r— e Temperature E;::T‘:,:‘zd i Cobwme Cont | O i Tone « 39 2 . o : o o | oeneww | e iy Oevsrgep
ater Treatment nvelope £ |
Plant Building - Cold Sriap . P Bew N b “wi 0 ' o ) e v - P Chmate Osn & Chomnad Duts and oo s s e p
Structural Roofi o -— Fanae.
oofing
s | A Ao P o ' re ) - ' A ] T sy Gt Gutmad | poudgtinn
Foundation Long Duration § |
Rain ; Farmw Awmne of iDrwwy ot o . - " | veame | Fompcy e e Outin it (ssavnnd (ol s [o——
Water Treatment | Boilers/Heating Systems Precipitation Short Duration ¥ — P——  Bacd bl | Pt nannd
Plant Building - High Intensity < " . ’ ’ " " as , Camat Cuta ca Cloponed Dot and
il = z Rain ot Loy f Omy iy 82 . ‘ ] rovarady L Pgesion AdSiousColnbers e Lo e
Mechanica Chillers/Cooling Systems o
Drought == o T r I — =
g R S —TT L (NP | W R | T e — B —
i by o, b e et
HVAC controls and automation systems Winds Wind Gusts z r— 1 ) = . — [T T b | pemas | EORA Ty ]
— Gmen iensy - o= s ’ Aty - crs Swes b ooggeriivern e by iwra Ve Loy
Air handling/ ventilation systems Tornadoes
Coastal
Water Treatment Fire alarm and protection Other Parameters (e.g.
Plant Building - sea level rise, if Chrabe Pararsdans ()
Electrical near salt water
source)
Lighting systems P
Building controls and automation systems foi
Emergency backup power F I =l | . | Cressgaerca Canrvare
“I‘E"l‘]"i‘ v e o
Communication Systems -y . .
. .
Water Treatment Process equipment 4 St
Plant Building - } E {
Treatment — | = —
Infrastructure : = | | : e
L, { | -
Water Treatment Stormwater drainage system !; =1 | = L) .
Plant Building - = —1 : } : =
Site Services Power supply and distribution i = = K = = = = - = -— 1
Storage and Storage tank/ reservoir % TSR [ T | g [ ) : jra g g e
istribution N - . " s
Distribuit] Pump stations - . .
Feeder mains ,.:_“,”""':.', - s
z wemr Tows 1
Other Personnel (O&M staff) 3 ' e Loy
1SN SRS S N A R )
3 v 3@ fereon
Site access - Parking, access lanes, etc.
Lighting Pole, Signage
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PIEVC High Level Screening Guide

Appendix - Example Projects

S—— S p———
Single Aszat ! L m-'h-.h‘ " n-udT‘ilﬁ:mmmrEwm
(ICIF) program. f @ new wedloweber troatment T edy & =
ASETEMENT plart and works. The project recleces s existing Cimate PRECLing the requiFemesas of
wastewmtsr frestwaea lagmen mhch @ me of TPEC grant requiremsenes Tor & Cimete Lers Assesament Sor the Dry of
P B el e Thiie ey vk | ebiran  thi s gt b RIvaT PEw w8 5TEmETEr TrERTMEST JRRT B0 works
City of Clean River cmtd. i Gt vinchar- thar. W jrat Kaebig. O
Moo WasTawarer of the reguremenis 1o seoure funding cortribubions PIEVE MG | I BB BRE mares.
Trestrment Plant and el sperwl iz for the Gty bo semplete @ Wark iachuder sEssmens of sdning Infremnaoune (sewer cellemion
Climete Len: Mzseasrerd. A Comslisrd wez wad |Ft sintesac) mnd the proposed wwciswsher srastment plans bapsd
engaged by the City to complste the Clmess ammtander remcy desgn Locetar: Crty of Clane Bues, Decgn henzon
Change Reslfesce portion of the Oimete Less o D0 with Ifecpcle of = 30t 75 yuars
' Tes  Corsul bad  recenty
Exmrcaplation]. i heiileil Chmys sl W, s Sclrsiulu; Projest o by compleind gvir 3 month prvied with » peoject
warnz mrd bad corsderable ool broalodgs bovng i gy gy i
_ll ‘) warhed in the commueity S omany pmae The P i i I s "_d'“‘"'“"
T pecinbztr menbed in the dezign wee mouded e e TR O il et
gl = ) i chbgrimasiglabyiegrei o sl R Specaia Govsulant, Cimute
= R A L inAeng & Rk Spechin (Cormdtant]. Techrical / Enginezring [cessstant nd Chyl,
ansmiment workthop. The Canniant wied the Opecstan & Waivtenssce [Cinyd, Meeagement, Fnssce  [City
FIEWE HLEZ ke meet the reqeresents of the Coungsiler wrd CADL
Climebe lers Besfienes Amesment The Rk
£ Ipsoaatnpredtoe A ian far the
maiEzmet

L it b Recanr et {L¥TR-J05L shaet tesm | UL 050
e g i |10 BS] Palure chmane Bor BT

Bt asn Parraeti Wik mw b bt b Spre FOC
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Summary

e Next Infrastructure Courses

AN INTRODUCTION TO CLIMATE CHANGE THROUGH
CODES, STANDARDS, AND REGULATIONS

We now know that a stable, refiaible climate system is no longer something that
can be counted cn. Learn how codes, standards, and regulations are changing
Lo ensurs thal our new infrastructurs is best prepared for climale changes now
ana in tuture,

= Recommended prerequisite; Climate Change 10341

« Week of February 7, 2022

= S0rmin

= irtual

+ Presented by Enginecers Geoscientists Manitob:

MATURE-BASED INFRASTRUCTURE SOLUTIONS TO
ENHANCE RESILIENCE

Matural infrastructurs is becoming a mainstream cption for enhancing the
resilience of built infrastructure and communities. - This course will provide & basic
understanding using sustainakble f natural infrastructure finnovative solutions to
build resilience Lo climate change. A diverse range of nature-based solutions,
implementation cansiderations, and their co-benefits will be presented

Climate Risk Assessment Core Principles, Climate Risk Assesament wusing PIEVE,
Codes, Standards and Regulaticns

o Weslk ol Febroary 27, 2022

e Q0 N

s Wirtual

» - Presented by Engineers Cecscientists Manitoka

« Hecommended prerequisites! Climate Change 101, Manitcba's Changing Climats,

MCRT Courses

https://mcrtproject.ca

CORIBI CCTANL &
WEHIRATION
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