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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
e 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 7SN
* Follow-up with survey and details of the presentation ‘i
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Ccourse

 Overview and Highlights of Previous Courses
e Climate Change Resilience Assessment

« Example Project

* Defining the Scope of an Assessment

e Defining Climate Data

» Assessing Risk

e Evaluating and Treating Risk

* Question and Answer Session .i»'f\
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Overview

e 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.

= S0min
= Wirtual
» Presented by &

* Recommended prerequisite;

= Weelk of January 24, 2022

sessrment on infrastructure systems.
« Prerequisites: Climate 101, Manitoba's
Anzessmenl Core Principles
Climate

~ INFRASTRUCTURE CLIMATE RISK ASSESSMENT -
FEATURING THE PIEVC PROCESS
—— ‘ Designing or building infrastructure to last? Using Manitoba-themed exam
iy v projects and case studies, this course will previde PIEVC teals to conduct elinma
Changing Climate, Climate Risk

Change 101
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Overview

Greater risk of

 Manitoba’s Climate is Changing
e 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
§2
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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.
i3
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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

] 1 ' ] ]

' i !
i ! 5 i i Communicating :
i i H ! H Climate Change
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\ Change Risk | oo I ] Infrastructure ‘o Chnata Nature-based 1
K .i Assessment: | 5 I Climate Risk Change Infrastructure ]
% il Core ! i - I Assessment - Solutions to [ |
s | ; ; through Codes,
# | principles | Foundational L Featuring the - Enhance I
5 s \, 4 Course .~ 1 Standards, & : 1
Vg S - . s l PIEVC Process Regulations Resilience i
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Climate Change Risk Assessment

* PIEVC Process

e 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.

e Public Infrastructure Engineering
Vulnerability Committee (Engineers Canada)

i3
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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 (CRI) and
Deutsche Gesellschaft fur
nternationale Zusammenarbeit
(G1Z) GmbH.

 PIEVC Protocol
 PIEVC High Level

Screening Guide

 PIEVC Large Portfolio

Assessment Manual

i3
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Why Assess Risk?

e 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

i3
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When to Assess Risk?

Principles

 Full lifecycle
* Planning
e Design
 Operation

« Upgrade ‘ ‘

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

_ Expected Lifecycle

 Full lifecycle
* Planning
e Design
 Operation
 Upgrade

Dams/
Water Supply

Storm/Sanitary
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

o
Demolition 50-100 yrs - ‘,“i«“.
a £
i - y;l

)
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PIEVC Applications

 Infrastructure Canada’s Climate Lens
* Provincial and municipal climate lens assessment requirements.

« Assessments to support applications of the First Nations
Infrastructure Resiliency ToolKkit.

« Asset management, capital and master planning.

 Infrastructure operations and management evaluation and
review.

o Asset portfolio assessment and evaluation.

i3
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PIEVC Applications

« Concept and preliminary engineering design.
e 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 I1SO 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 "‘\.
used solely to demonstrate the process ..’ é
-
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Example Project

e Highway 10
near the
Town of
Minnedosa
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Example Project

° H|ghway 10 Google Maps ﬁ;\j\zm
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

R

_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

e Climate

« Time Horizon
 Geographical Setting

o Applicable Jurisdictions

Recommendations
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Defining the Scope - Infrastructure

Highwa Brldge Adjacent Infrastructure Buildin
g Y g

Road Bridge Facilities Envelope
e Pavement Structure e Bridge Substructure * Industry Sites e Roofing
e Embankments  Bridge Superstructure e MB Public Works Yard e Foundation
Drainage * Bridge Deck * Roads and Paths * HVAC Components
* Culverts * Joints and Bearings * Rail Infrastructure *  Building Controls, Automation
* Ditches  Drainage  Water and Wastewater Facilities + Life Safety (Fire)
Highway Safety Bridge Safety «  Community Buildings / Schools *  Plumbing
* Maintenance * Railings * Public Areas (trails, parks) » Lighting
* Guardrails * Maintenance » Drainage Infrastructure « Communication and Security
» Signage Little Saskatchewan River * River » Electrical
» Lighting * River (elevation) * Maintenance * Drainage, Parking, Site
— iy N GHEERY MANITOBA CLIMATE
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Temperature

Precipitation as Rain

Precipitation as Snow

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

Frequency 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 Snow

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

Frequency 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
el el Reconstruction 50 yrs p>3‘
o

. Base system 100 yrs Y 100
Storrgﬁzsltary Major upgrade 50 yrs o
Components 25 - 50 yrs f:_‘
Road surface 10 - 20 yrs B
i - e

RE50s & Srl_dges 50 - 100 y:ls B 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
e Private

i

12
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Defining Climate Data

 Collect data on: Bejoes Duaton
e Baseline Climate — S
(Recent Past) Sten2
. Climate Change S, 4
(2050, 2080) | V
« Time Horizon | E——
e Establish level of

precision
e Level of assessment +
Level of detall

Engineering Analysis
[Optianal)

° :
Conclusions & [ =rrsrsesensnmsn- '
Recommendations
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Defining Climate Data

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

e 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

bz emEsong coriies 0 incresss ot cumsrd rajes
-0 AG-20E0
Canada o Ry, R
e & i o i il
- - ny 8T ar kL) b
* Minnedosa T 2E § o2k
= il me - L] m
A b ] el - M e
1 LT a8 L) L3 ol
{53 5 ar i 13 k]
4T L] I 1T Ha 132
] | %3 Ta 51 15 wa
s s i e m sn
(] 1 & [ ] E in
L] m L 1L am L=
1 = AL} L] x =
apar My 1> var 3 apd 13 Mepd Va2
Bop Y B 28 D Sz o Dol 78
1R 128 e 17 RECD -
RCP 4.8: Low Carbon climate fufure
GG smps oee moch ecuced
T30 2080 542060
Variabi Petiod M Low Wean Wigh m
s e LEL ELE) i o
L " um L} m
124 e e m o e
- 1o e E+3 e
- 4 " & "
i 15 B4} a1 41 ar
(E} 14 ol 15 45 7
T s ELE] 14 s ELE)
i1 & T 11 13 wl
111 oy i e 1a A
. 1 4 - 5 5
5 4 = 4 o
1 Ll n L] - 14
api oy 18 FETE apa 11 May 20
Sap. 1 Eap. 28 Dok Sez iz [ bt
# Sawwn fhaysi ns ™ At m 1 .-
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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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Assigning 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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Assigning 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

—
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Assigning Likelihood Scores

Precipitation
: : Drought Winter
Intensit Intensit " D I torm
Annual Five Day Ma Heavy
 AAE ve bay Vax Precipitation Days Dry Days Snow (mm) Ice Storms
Precipitation (mm) | Precipitation (mm) (20 mm)

[=] RN

| e
mofonl L Jalol s

Climate Atlas

Data or

Projection
Assigned .i é.
Likelihood \ o
Score ®
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Assigning Likelihood Scores

Extreme Events

. __ wildfire /

Flood Risk Report

‘ Tornado Lightning / Ice Jams

2050

Presem II I
n

Climate Atlas

Data or

Projection (U
Assigned é.
Likelihood \ o
Score ®
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Assessing Risk

 Important iy
considerations: R —
* Risk tolerance nmﬁm
 Are climate i
Interactions possible? _ }
« Cumulative or S pom—— -

combination events
 Likelihood scoring
« Consequence scoring
 Judgments on

— il 5 o
uncertainties ‘ Steps ‘ 5 i‘ﬂ'\
Conclusions &  [®-=+-=====s===-- I
Recommendations

Engineering Analysis
[Optianal)
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Assessing Risk

* Risk (R) Is defined as . el
the product of the 1 e R |
Likelihood (L) of an . 0 ¢ ¢ =
event and the 1 - 0 1 2 3 & s

Conseqguence (C) of ’
that event — should it MO et MO ot ool i e

oceur.

0 1 2 3 4 5

. R=LXC* )
12
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Assessing Risk

e Risk Assessment Worksheet e parametore

e

Climate Parameter

Consequence Score Temperature Precipitation Extreme Even
0 - No Effect .
aglinsighificant Annual Summer Winter Extreme Extreme Freeze Thaw Annual Intensity Intensity DR VIS Ice Storms | Extreme Winds |  Lightning Fid
2 - Minor Conditions Precipitation

3 - Moderate
4 - Major Very Cold Days Annual Five Day Max
5 - Catastrophic (-30 deg C) Precipitation (mm) | Precipitation (mm)

Heavy
Precipitation Days

(20 mm)

Climate Projections
(Climate Atlas - RCP 8.5)

Infrastructure Components

Road
Infrastructure pres 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3
I ~|Pavement Structure | s 4 o 4 o 2 o 4 o 2 o 2 o 4 o 3 o 4 o 3 0 4 0 4 0 4 0 4 0 4
Components wo] 5] [o] Is] [o] [=] [el [=1 [o] I+l ol [=] [el [=1 [el [=1 el [+l o] [=] [el [+ [o] =] [l =] [e] [=] [o] [=
Pres 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 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 o 4 0 4 0 4
208 5 o 5 o 2 o 5 o 1 o 2 o 5 o 3 o 4 o 3 o 4 o 5 o 5 o 5 o 5
Drainage
pres 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3
“|Culverts 205 4 o 4 o 2 o 4 o 2 o 2 o 4 o 3 o 4 o 3 o 4 o 4 o 4 o 4 o 4
2080 5 o 5 o 2 o 5 o 1 o 2 o 5 o 3 o 4 o 3 o 4 o 5 o 5 o 5 o 5
Present 3 o 3 o 3 o 3 0 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3
*|Ditches 205 4 o 4 o 2 o 4 o 2 o 2 o 4 o 3 o 4 o 3 o 4 o 4 o 4 o 4 o 4
I 208 5 o 5 o 2 o 5 o 1 o 2 o 5 o 3 o 4 o 3 o 4 o 5 o 5 o 5 o 5
Highway Safety
Pres 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 3 o 3
<|Maintenance 205} 4 0 4 0 2 0 4 0 2 0 2 o 4 o 3 o 4 4 0 4
2080 5 o 5 o 2 o 5 o 1 o 2 o 5 o 3 o 4 5 o 5
pres 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 o 3 3 o 3
<|Guardrails 20 4 0 4 0 2 0 4 0 2 0 2 0 4 0 3 0 4 4 0 4
I 208l 5 0 5 0 2 0 5 o 1 o 2 o 5 o 3 o 4 5 o 5
Present 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 3 o 3
~|Signage 205} 4 0 4 0 2 0 4 0 2 0 2 0 4 0 3 0 4 a 0 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)

e Review risk assessment results and discuss
how the risks could be addressed

—_— ==y ENGINEERS MANITOBA CLIMATE
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Assessing Risk

* Risk Assessment (Workshop)

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

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

Score

[ J
Consequence

Method D
No Effect
Insignificant
Minor
Moderate
Major

Catastrophic

Review Risk = Likelihood x
Likelihood (L) Consequence
value
provided.

Low Risk

Review Risk Medium Risk

Scores (R) for

—
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Assessing Risk

Climate Parameter

Consequence Score Temperature Precipitation Extreme Events
0 - No Effect - -
1 - Insignificant Annual Summer Winter Extreme S Freeze Thaw Annual Intensity Intensity BRELTAL ines Ice Storms | Extreme Winds Lightning Flood pdney
2 - Minor Conditions Precipitation Smoke
Heavy

3 - Moderate

4 - Major Mean Temperature|Mean Temperature |Mean Temperature| Very Hot Days | Very Cold Days | Freeze Thaw Annual Five DayMax | oo o8 Dy Days Show (mm e Stoms Flood Risk Report
(deg C) ( (deg C) (+30 deg C) (-30 deg C) Precipitation (mm) | Precipitation (mmj | - c/Praton Day 'y Day: o) €851 JIE T

5 - Catastrophic (20 mm)

(Climate Atlas - RCP 8.5) =] =] =] (o= =] =]
3 [ [

Infrastructure Components

Road
Present 3 o 3 3 15 3 9 3 12 3 12 3 6 3 9 3 12 3 9 3 9 3 3 0 3 0 3 3 9
~|Pavement Structure 2050 4 oy |a]|a viz2|s|wo|v|a|afa2|v|2]a|8|y|2]|a|8|v|[a|2]|8|Y|[3|3|o|v|a|afe| vy |[3|3[9|Yv|al3||Y|4a]|a 4 0 4 o|v|a]|s v|a]s |12
2080 5 0 5 2 10 5 15 1 4 2 8 4 8 3 9 4 16 3 9 4 12 5 5 0 5 0 5 5 15
Present 3 6 3 3 6 3 0 3 0 3 9 3 9 3 12 3 12 3 9 3 9 3 3 0 3 0 3 3 12
~Embankments 2050 | Y| 4|28 |y|a|2]|8|y|2]|2]4a 4 0 2 o|y|2|3|6|y|a|3|12|y|3|a|22|y|a|a]|16|y |[3|3|0|y]|a]3]|1 4 4 0 4 o|y|4a]|s y | 4| 4|16
2080 5 10 5 10 2 4 5 0 1 0 2 6 4 12 3 12 4 16 3 9 4 12 5 5 0 5 0 5 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 o|ly|2|3|6|y|a|2|8|y|3|a|2|y|a|af6|y |3|2|6|y]|4]|3]|12 4 4 0 4 oy |a]4 y 4|3 |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 o 3 o 3 o 3 3 0 3 9 3 6 3 12 3 12 3 6 3 9 3 3 0 3 0 3 3 9
| Ditches 2050 4 0 4 0 2 0 4 2 0 23 |6 |y|4a|2]8|y|[3]|a|2|y|a]|a]16|y |[3]|2]|6|y[4]|3]|1 4 4 0 4 oy |44 y |43 |12
2080 5 0 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
Highway Safety
Present 3 o 3 o 3 6 3 3 12 3 0 3 0 3 9 3 12 3 6 3 9 3 3 12 3 3 3
“|Maintenance 2050 4 0 4 oflyl2|2|a]y|a]as y|l2|4]|s8 2 0 4 oy |3 |39 |y|4a|a|16]y |[3|2|6|y|a]|3|2|y]|4a]a2s y |44 y[a]a4 y|a]|s y |44
2080 5 o 5 0 2 4 5 1 4 2 0 4 0 3 9 4 16 3 6 4 12 5 5 20 5 5 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 3 3
=|Guardrails 2050 4 0 4 0 2 0 4 2 o|ly|2]3]s 4 0 3 o |y |a|s3|12 3 oy |a|3|12|y|4]3 4 0 4 4 y|a|s3
2080 5 o 5 0 2 0 5 1 0 2 6 4 0 3 0 4 12 3 0 4 12 5 5 0 5 5 5
Present 3 o 3 o 3 o 3 9 3 0 3 9 3 0 3 0 3 9 3 0 3 12 3 9 3 12 3 3 3
-|Signage 2050 4 0 4 0 2 ofy|4a]|3]|12 2 o|y|2]3]|s 4 0 3 oy |4a]| 3|12 3 oy |4 |ajs|y|a|3|2]y|a]|a]|16 4 4 ]
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 5 5
Bridge
. Present 3 o 3 o 3 o 3 o 3 0 3 9 3 0 3 0 0 0 3 0 3 0 3 0 3 12 3 12
Bridge Substructure / e e A s S e N s S e S s e I e I e I oo SR v A s s I e B v 1 1 =1 o =1 o1 M el 1
- . 2050 4 0 4 0 2 0 4 0 2 0 y 2 3 6 4 0 3 0 0 0 4 0 4 0 4 0 y 4 4 16 vy 4 4
Foundatlon 2080 5 0 5 0 2 0 5 0 1 0 2 6 4 0 3 0 0 0 5 0 5 0 5 0 5 5 20
Present 3 0 3 9 3 9 3 12 3 9 3 12 3 0 3 9 12 9 3 0 3 9 3 0 3 6 3 9
-|Bridge Superstructure | s 4 o|y|[a|3||y|2|3]6|y|a]|4 16|y|2|3|6|y|2]|4]s 4 o|y[s |3y 4|16 3|12 4 o y|a|3|2 4 o|y[a|2|8 y|a|3]
2080 5 0 5 15 2 6 5 1 3 2 8 4 0 3 9 16 12 5 0 5 15 5 0 5 10 5 15
Present 3 o 3 9 3 9 3 12 3 9 3 12 3 0 3 9 12 9 3 12 3 9 3 0 3 6 3 9
] Bridge Deck 2050 4 o|y|a|3|2|y|2|3|6|y|4|4 16|y |2|3|6|y|2|4]|c8 4 oy |[3]|3|9|y 4| 16 3|12y | 4|46 y|a]|3]|12 4 o|y|a|2|8 y|a|s| 12
2080 5 o 5 15 2 6 3 2 4 9 16 12 5 n 5 15 5 10 15
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Risk Evaluation and Treatment

 Engineering Analysis T C

e Optional W
—

Data Gathering &

Sufficiency

 Evaluate Risk: R—

 Summaries / Prioritize e

Risks (Low/ Medium High) et
 Review rational for

consequent scoping e E“Eim;i."_g_;ws
* Begin to develop —

treatment options

MNao :
Conclusions & - - ------ '
Recommendations
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Risk Evaluation and Treatment

« Recommendations:
* Risk mitigation /
adaptation actions

« Avoid / Retreat / Protect
/ Accommodate

e Natural Infrastructure

e CC Based Codes Accommodate
Standards

No further action

Remedial action

Manggement action 7O
Additional Study o

Avoid
Retreat

Protect
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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.
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Risk Evaluation and Treatment

 Next Steps:

* Further risk assessment on high h‘b‘

and medium risk
 Inform concept or planning phases e

of infrastructure on areas to adapt "‘

 Use the climate data and risks to
Inform design ’

* Inform operation and maintenance

activities

* Inform infrastructure upgrades on
areas to adapt

* Inform adaptation plans

— == EMGINEERS o MANITOBA CLIMATE
— ] GEOSCIENTIST RESILIENCE TRAINING

MANITOBA



Risk Evaluation and Treatment

e COmMmunication

 Reporting / Presentations /
Workshops / Stakeholder
Engagement

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

e Triple Bottom Line analysis

 Opportunities to integrate
sustainable infrastructure

i3
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PIEVC High Level Screening Guide
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PIEVC High Level Screening Guide

Water Supply Water Supply Intake structure
System Intake = b ol | O N T = 99 22 ’ 1 . o8 . —— | g | woras by~ "oy
Raw Water Pump Stations Extreme Heat = |
T Extreme Cold § | toweces | omemimec 2 : o : o , ok | enpen | wopes | COMG MiOh | g
Water Treatment Envelope Heat Wave | | | |
. g -
. Plant Building - Cold Sriap gt g - i : @e ' o ) faas p——— L R e g (s s e
Structural Roofing S > hma
»\::.‘:., PUtp——— p- " o 2 . : ’::. ' u-:'- C) o - M’f—llu;ull & wt [
Foundation Long Duration § |
: % | =
Rain Farmw Aowwne of Wy Vs Fomnarn s e . e s a Clrond () shn aved byt e
X 4 . mash o L ¢ b " ol ; s
Water Treatment | Boilers/Heating Systems Precipitation Short Duration ¥ po— PR — ] b e | Pt | [Py
Plant Building - ° High Intensity < | ol Ot 2 Commed Ot ot
. o (vaqg Lo o Omy S 2 ) (1] L wr s L= g B ; o e owe gt e e
Mechanical Chillers/Cooling Systems Rain | B i e, Adtee Caxunt e
Drought == o | T Cmia 08 Obwered L oy
g ] Woad G """"_';_:: " 2 resvanry @ ) sy wp - . _2_ ""‘:"' wres St :-u::.c-ﬂ::u-: gt | Uiy bewasrglon
HVAC controls and automation systems . . z s | [ | ! ! ! P o] |
Winds Wind Gusts vy Newnme o H1 1 o0 pv= - ey . o= m Wi Doy g | T |GG Teme Outebae, Ubsmaies ani | Siomiy o iy
s Sermer boned: - . nety o~ Swes b ooggeriivern e beimeaYy ey
Air handling/ ventilation systems Tornadoes
Coastal
Water Treatment Fire alarm and protection Other Parameters (e.g. —
Plant Building - sea levelrise, if o Ao Cheasa Faravadans ()
Electrical near salt water
source) Cm'omuamc.)
Lighting systems e nvay
& =y
N pepmay
Building controls and automation systems
8 v i Prisdices =t —1— v "r']
Emergency backup power 4.‘ = g I + -1 == 3| Caesatsnres Crrirvere
Chaneeh Ty ! -
Communication Systems
'
Water Treatment Process equipment
Plant Building - !
=
Treatment -
Infrastructure -
3
Water Treatment Stormwater drainage system B !E
Plant Building - =
Site Services Power supply and distribution . i
i )
Storage and Storage tank/ reservoir =?
istribution - .
Disteibglo Pump stations =
Feeder mains 'luhuu-:l'
z wemr e
Other Personnel (O&M staff) 3 Lo Bme Srvnyy
1SN SRS S N A R ) T
3 v 3@ fereon
Site access - Parking, access lanes, etc.
Lighting Pole, Signage
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