Associated MAMAGED

STRATEGIC ADVISORY SERVICES COMPANIES

: : 7
o
A
< a1 - 3o
S ¢
e
iy

Infrastructure Climate Risk Assessment
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INTERACTION

= The course is being recorded - your participation confirms

_1 your agreement
g = Cameras and Microphones are off

1 = Polls to receive your feedback
= Chatis open
A' = During Presentation and Q&A

| = Comments are welcome and will be monitored

= Please send comments to Everyone not the presenter
l " Technical issues, chat issue to EngGeoMB

" Presentation slides will be made available
= Follow-up with survey and details of the presentation
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COURSE

" Climate Change

Scope

l Resilience Assessment

‘. —r
L]
= Example Project - imate R
IJ'. X r Course 1: Infrastructure Climate Risk Assessment and how to conduct an

assessment featuring PIEVC

= ENGINEERS

l [ ] Qu e St i O n a n d A n Swe r- erjsctzi;:)i?ners will be able to register for one of two 90-minute presentations

minute question-and-answer sessions offered on:
Tuesday, February 14, 2023, from 12 pm — 2 pm

L]
H i1 S e S S I O n Wednesday, February 15,2023, from 12 pm —2 pm
= » 3 Those practitioners who plan to attend either the February 14 or 15
- - presentations will be able to register for a 3-hour “deep dive” in-person
workshop on Thursday, February 16, 2023, from 5:30 pm — 8:30 pm.
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COURSE

= Course will walk you through a climate

| change risk assessment (CCRA), using the
".m. PIEVC HLSG process

1 = Demonstrate how climate data is
o5 obtained and used in assessing and
e mahnaging risk, informing design

\ parameters/criteria and communicating
h climate impacts.
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OVERVIEW

= 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
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OVERVIEW

= |mpacts

" 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.
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CLIMATE CHANGE RISK ASSESSMENT

1
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= 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 planning, design, operation and management.

= PIEVC
= Public Infrastructure Engineering Vulnerability
Committee (Engineers Canada)
€5 rssocistes —



CLIMATE CHANGE RISK ASSESSMENT

= PIEVC Program (pievc.ca) PIEVC Products

= Ownership and control of the PIEVC Ve i Lol Sereening
l Program through a partnership consisting Guide
of the Institute for Catastrophic Loss ' Retseren: Manoal

v Reduction (ICLR), the Climate Risk : rr:fr‘ggtfurceti”re N
? Institute (CRI) and Deutsche Gesellschaft Professional(IRP) Training
“ fur Internationale Zusammenarbeit (GIZ)

| GmbH.
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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 and be more resilient
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WHEN TO ASSESS RISK?

= Full lifecycle
" Planning
= Design
= Operation
= Upgrade

ISO 31010 informs a
comprehensive risk
management process

— = ENGINEERS &
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WHEN TO ASSESS RISK?

' = ted Lif I
* Ful lfecycl T

. Base system 50-100 yrs
n
Pla nni ng Dams/ Refurbishment 20-30 yrs
Water Supply

| Design Reconstruction 50 yrs
. : Base system 100 yrs
|
Operatlon Storm/Sanitary Major upgrade 50 yrs

Sewer
= pgrade Components 25 - 50 yrs

Road surface 10 - 20 yrs
Bridges 50 - 100 yrs

Roads & :
Bridocs Maintenance annually
Resurface concrete 20-25 yrs
Reconstruction 50-100 yrs
Houses/ Retrofit/alterations 15-20 yrs
Buildings Demolition 50-100 yrs
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APPLICATIONS

" |nfrastructure Canada’s Climate Lens

" Provincial and municipal climate lens e
assessment requirements.

= Assessments to support applications of the First
Nations Infrastructure Resiliency Toolkit.

= Asset management, capital and master
planning.

" |nfrastructure operations and management
evaluation and review.

= Asset portfolio assessment and evaluation.

— m——— ENGINEERS N
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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 I1SO 14090.
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PIEVC PROCESS
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Report

Adapt

v Risk Assessment Specialist
v Climate Specialist

v Planning

« Technical / Engineering
« Natural Environment

v Operations & Maintenance

» Management, Finance

v Legal, insurance

« Pecple

« Indigenous

v Risk Assessment Specialist

v Climate Specialist « Climate Specialist

« Technical / Engineering

w Natural Enviconment

« Technical / Engineering
» Natural Environment
v Operations & Maintenance

v People - People

« indigenous

« Indigenous

« Risk Assessment Specialist

» Operations & Maintenance

L
Step 3 - Assessment

Climate Parameters

« Risk Assessment Specialist
« Climate Specialist

« Planning

v Technical / Engineering

» Natural Enviranment

» Operations & Maintenance
» Managemant, Finance

» Legal, Insurance

« People

< Indigenous

~ Risk Assessment Specialist

« Climate Specialist

v Technical / Engineering

- e
v Natural Environment

-  Operations & Maintenance

v People

v Indigenous
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PIEVC PROCESS

" The PIEVC High Level
Screening Guide (HLSG) was
developed to provide a
screening level assessment
approach to climate change
resilience assessments.
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PIEVC HLSG

= The HLSG was

CLIMATE
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developed by a team
of experienced
practitioners and
stakeholders
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giz:

The PIEVC Program is owned and operated through a partnership consisting of the Institute for Catastrophic Loss Reduction (ICLR), the Climate
Risk Institute (CRI) and Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH. The PIEVC HLSG process is used internationally,
to support many of the same types of application as indicated for Canadian practitioners. Additional resources and information on how to
access to the PIEVC Protocol and this PIEVC HLSG can be found at www.pievc.ca.

The PIEVC Program
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PIEVC HLSG - STEP 1

Step 1 - Scope / Context / Criteria

v Risk Assessment Specialist

v Climate Specialist o
migation

T

v Technical / Engineering

[t = Resilience
=)

v Environment

v Operations & Maintenance —
Context . .
U v Management, Finance =

v Legal, Insurance

(]
1
1
\
v Planning g i
=

Work Plan v Peopl'e

v Indigenous

GENERAL GUIDANCE v 2.1

Investing in Canada Infrastructure Program
~Infrastructure Canada

‘Adapt
OVER

INSTITUTE VAssomated
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PIEVC HLSG - STEP 1

Step 1 - Scope / Context / Criteria

Context

Work Plan

v Risk Assessment Specialist
v Climate Specialist

v Planning

v Technical / Engineering

v Environment

v Operations & Maintenance
v Management, Finance

v Legal, Insurance

v People

v Indigenous

CLIMATE
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Risk Assessment: The risk assessment specialist(s)* have in-depth knowledge of the
fundamentals of risk and the PIEVC Process. They have strong skills in facilitation and
communication that strengthen the knowledge and expertise of other team resources and
guide the process.

Climate: The climate specialist(s)* have a strong understanding of climate that is relevant to
the local context. They can interpret climate data and communicate uncertainty effectively with
other team resources.

Planning: Individuals or groups with knowledge of community planning, land-use planning,
infrastructure planning and other related expertise relevant to the scope of the assessment
(like transportation) can provide a broader understanding of multi-stakeholder goals and
relevant policy.

Technical / Engineering: Professional Engineer(s)*, technical or engineering subject matter
specialist(s) have relevant experience working with the infrastructure or systems being
assessed.

Natural Environment: Natural environment subject matter specialists have relevant
experience working with and managing natural systems. Expertise needed will vary depending
on the assessment scope but can include knowledge about sustainability, hydrology, landscape
architecture, ecology, aquatic biology, or forest management.

Operation & Maintenance: Individuals or groups involved in operations and maintenance
can provide valuable insight into the system being assessed or similar systems they have
worked with previously.

Management, Finance: Individuals or groups involved with financing or managing the assets can

assist with encouraging buy-in across the organization and aligning project objectives with the
organization’s goals and strategy.

Legal, Insurance: Individuals or groups with legal and insurance expertise can provide insight on
topics like liability, risk tolerance, the ability to acquire insurance, and relevant policy.

People: Non-organizational stakeholders who rely on the services of the systems or assets being
assessed have critical perspectives to contribute related to service disruptions and levels.
Indigenous: Meaningful engagement with Indigenous communities and knowledge holders can

improve understanding of climate conditions in the areas and communities being assessed.

Considerations when building your
team

1. Not all assessment will require a full team with the
resources suggested. In many assessments, several
roles may be filled by one or several qualified
individuals.

2. Whoisinterested in participating? Do they have the
capacity, time, and expertise?

3. Who will be responsible for project management,
establishing timelines, setting up meetings and
following up? Will this be one person, or multiple?

4.  Are there any existing organizations or groups that
you could leverage to champion this process?

5. Do you require any internal/external expertise to
analyze or derive climate data or better understand
the elements you are assessing?

6. Does the project team represent broad and diverse
perspectives from the organization or community that
you are working with?

7. How will you solicit team resources? Do you need to
establish any formal agreements (like a terms of
reference) to participate?

8.  Are there other areas of expertise or stakeholders to
include?

PIEVC Training

The infrastructure Resilience Professional (IRP)
Training Program has been designed to help
infrastructure practitioners strengthen the knowledge
and competencies they require to advance more
climate-resilient approaches for the planning, design,
and management of infrastructure.
https://climateriskinstitute.ca/irp-page/

Associated =
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PIEVC HLSG - STEP 1

Timeframe

Assessment Team

(shaded Team Members may not be required in that step of the praj

SCOPE Project Overview 1-2 weeks v Risk Assessment Specialist |Lead) v Operation & Maintenance
*  Project Initiation *  Kick off meeting: 2 - 3 hours ¥ Climate Specialist ¥ Management, Finance
. Understand assessment objectives v Paming v el nsurance
. v Technical / Enginzering v People
] Confirm scope of assessment ] )
v Natural Environment v Indigenous
. Confirm work program and Schedule (Work Plan)
. Designate roles and initiate information collection (Assessment Team)
Data Elements 2 weeks v Risk Assessment Specialist ¥ Operation & Maintenance
" Defining Elements = Site Visit (half day - optional Climate Specialist
" Define Timeframe but recommended)
e peopl
. S't? U's'tl : . ] _ ) = Orientation Sessions or ¥ Technical / Engineering (Lead) I:dC::EEnous
. Orientation Sessions (Presentation, Primers, Questionnaire) Meetings (2 - 4 hours) v Aattirs] Ertironinent
IJII Climate 2 weeks - may overlap with above | ¥ Risk Assessment Specialist 14 Operation & Maintenance
. Identify and Evaluate Climate Change and Climate Hazards and = Engagement / Meetings (2-3 | ¥  Climate Specialist (Lead)
establish Climate Parameters hours)
ich Likali v People
E Establish Likelihood Scores v Technical / Engineering .p
v Indigenous
¥ Natural Environment
Assess Risk Assessment 1- 2 weeks ¥ Risk Assessment Specialist ¥ Operation & Maintenance
. Establish Consequence Scares = Half Day Workshop or (Lead) ¥ Management, Finance
= - Risk Assessment Workshop Meeting (2 - 3 hours) ¥ Climate Specialist : ;egalr, ki
;_EL'.-I . Summarize and Classify Risk depending on assessment ¥ Planning ec?p H
R ass v Indigenous
approach ¥"  Technical / Engineering
¥ Natural Environment
Report Recommendations Reporting 1-4 weeks ¥ Risk Assessment Specialist ¥ Operation & Maintenance
. Develop conclusions and recommendations for Identified risks = Engagement / Meetings (2 -3 (Lead)
" Review and Reporting hours) ¥ Climate Specialist
= v People
¥ Planning L
;HJ . : . v Indigenous
=] ¥ Technical / Engineering
¥ Natural Environment
CLIMATE
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PIEVC HLSG - STEP 2

Step 2 - Elements
v Risk Assessment Specialist ,

Define v Climate Specialist 1 = =
Elements | &= =2
\ 3 f[=]

=0 J =

Define v Technical / Engineering N i i w _
Timeframe v Environment ’ Step 3 / :
v Operations & Maintenance (. =

Define Asset Category Example
ndari o . n
uilt Infrastructure * Buildings, Transportation Infrastructure, Energy and Electrical Infrastructure, Water Resources an
Boundaries ¥ Built Inf Build T rtation Infrastruct E d Electrical Infrastruct Water R d
Drainage, Water Supply, Treatment, Communication Infrastructure, Infrastructure, etc.
Site Visit Peop‘e (=] 1
v Indigenous ==
g p B= Natural Environment * Green Infrastructure, Soils, Tree Canopy, Bioswales, etc.
4 * Natural Systems
‘P * Natural Assets
=
People * Includes all employees of an organization, also includes contractors, vendors, clients, customers, and other
y people that the organization chooses to classify in this category. In general, the term includes internal and
’ i’ external stakeholders of the organization that may be directly affected by the organization’s risks and
" f’ adaptation measures.

CLIMATE
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PIEVC HLSG - STEP 2

Asphalt Aerport Meport: Envelope Extreme Heat
Roadway Roadway prism TBN:-;'”‘]' Roofing Extreme Cold
i uilding - ke Freeze-Thaw
Extremne Heat ’ T TREIE-1
T i at Temperature
Road base Eiienis i * Structura Foundation f;\clﬂ:s
| i StEm drai iping Tik n, Rapid Freeze
Temperature Freeze-Thaw Plumbing system (Roaf drains, piping distribution, etc.) p
Shoulders Cycles Emergency route Heat Waves
Road " Heat Waves Airport Baikars/Heating Systems Long Duratian
oad marking »
Termina Chillers/Cooling Systems Rain
: Building VAL = Bracioitation Short Duration
Ditches Mechanical ' acttnntatn pal High Intensity Rain
Fraezing Rain
Embankment/ slopes Lang Duration Rain Building controls and automation systems Heawy Snow
’ Short Duration Food and housekeeping services (e.g. Refrigerators, water cooler, ~ i
Surface Curbs I Sustained Winds
Preciplitation High Intensity Rain ing stations) Winid
- Wind Gusts
Pratection works (e.g., fiprap) Freezing Rain Fire protection
Heavy Snowfall Afrport Fire Alarm System Lightning
Bridges Terminal Security Systems [cameras, CCTV, etc.) Other Fog
Building - o
Electrical distributian Tomadoes
Bridge approach guardrail Wind Wind Gusts Bectrical and
Emergency Lighting Systems
Road signage - all types Other Tormadoes Systems Generator Systems
Communications
Road signage - sheeting Tramportation F—
Street luminaires/poles Ramps and apron
Taniways
Traffic light Drainage Appliances
: Parking and access road
Underground Drainage appliances (e.g., outfall, sewer, MHs)
Lighting systems
Catch basins Mirport - Water supply system
Utilities Sanitary Sewer system
Grates Storm Drainage system
Cubverts Electrical Power Supply and Distribution
Other Adr Traffic Control Tower and beacons
Other Personnel (D&M staff) Field Electrical Centre
Fuel Storage Facilities
Third party utilities {above ground)
Aircraft Sewage Disposal
Third party utilities (below ground) Personnel (Public, O&M staff]

CLIMATE
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PIEVC HLSG - S

Step 2 - Climate

v Risk Assessment Specialist

Establish . LS
: v Climate Specialist i
Scenario :
=3
=3 Developing Climate Parameters, Hazards and Indicators
v Technical / Engineering =3
v Natural Environment , rop 3 As previously noted, the terms climate parameter, climate hazard, and climate hazard indicator are central to the PIEVC HLSG process.
0 . & Mai (. Parameters describe the overall climate “categorization”, whereas the hazards and indicators describe more specific impactful events and the
v 1 : ; S
Establish perations aintenance - intensity thresholds at which impacts can be expected to occur on the elements under assessment.
Thresholds
Each climate parameter is assigned one or multiple associated hazards and hazard ’
e, R ; New data from the IPCC Sixth Assessment
Likelihood indicators that are specific to the infrastructure and elements under assessment.
ikelihoo v PEO’O!E‘ == PR report (AR6) is now available, including a new set of
Score - (=1 — | GHG emissions scenarios. These scenarios correspond well
v [nd;genous == Indicators can be identified using a variety of sources, including design standards, with the current emissions scenarios from IPCC ARS, but
, [=] operational standards, rules of thumb, maintenance guidelines, codes of practice, should be reviewed by the team to determine the relevance
literature, past impacts to the infrastructure under assessment, experience, and of any new parameters and projections during the project

professional judgement. For each climate hazard, the team should define one or more timeline. New scenarios from ARG are named Shared
Socioeconomic Pathways (SSP) and combine the GHG

corresponding indicator values associated with the performance thresholds of the . k i
forcing on the atmosphere with alternative pathways of

infrastructure and provide these to the climate specialists for tailored climate analysis. socioeconomic development to include the effects of
When the PIEVC HLSG is applied to an asset in the design phase, historical climate of the possible global strategies for mitigation, adaptation, and
site or region and prior impacts of climate on similar existing assets should the impacts of climate change.

be considered.

At the screening level, it may be possible to use pre-set climate indicators available from a series of climate portals. A list of potential climate
indicator variables is available in the appendices.

Other Hazards:
* Seismic

CLIMATE
R|SK
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PIEVC HLSG - STEP 2

Climate Portal Name

Climate Data Canada

Source

Environment and Climate Change
Canada/ OURANOS/ CRIM/ PCIC/
Prairie Climate Centre

https://climatedata.ca

Downscaled Climate
Scenarios

Environment and Climate Change
Canada

https://climate-change.canada.ca/climate-

data/#/

Climate Atlas of Canada

Prairie Climate Centre

https://climateatlas.ca

PCIC Plan 2 Adapt

Pacific Climate Impacts
Consortium

https://www.pacificclimate.org/analysis-
tools/plan2adapt

PCIC Climate Explorer

Pacific Climate Impacts
Consortium

https://www.pacificclimate.org/analysis-
tools/pcic-climate-explorer

Ouranos Climate
Portraits

Quranos Consortium

https://www.ouranos.ca/climate-portraits

CLIMATE
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A good starting point for screening

level climate information across Canada is
the Climate Data Canada Portal. Additional portals

are available for differing levels of needed detail,
mainly through regional climate hubs that partner

with the Canadian Centre for Climate Services. See
PIEVC.CA for an up-to-date listing.

Outside of Canada, data are available from
the US National Center for Environmental
Information (NCEI) and the World Bank Climate
Knowledge Portal, as well as through local climate

service providers.
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PIEVC HLSG - STEP 2

Likelihood Middle Baseline Approach

S L - Establish Base Method Suggested Rational
core
A Likely to occur less frequently 50 — 100% reduction in frequency or
1
| than current climate intensity with reference to Baseline Mean For the PIEVC HLSG,
i a simplified middle baseline
k ] 10 — 50% reduction in frequency or likelihood scoring approach
intensity with reference to Baseline Mean is proposed. For more
| detailed assessment
Establish : Baseline Mean Conditions or a change in including in the PIEVC
3 C < Climate Bacal Likely to occur as frequently ¢ tenctr ot Fl00cwith
urrent Climate Baseline reguency or intensity o wi
55 ciirrent clitate q Y Y ‘ Protocol, other scales and
Per Parameter reference to the Baseline Mean likelihood score assigning
may be used.
4
4 l 10 — 50% increase in frequency or
| intensity with reference to Baseline Mean
I
| Likely to occur more 50 — 100%+ increase in frequency or
5 frequently than current : g : :
| : intensity with reference to Baseline Mean
v climate

E—— H —
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PIEVC HLSG - STEP 2

Pressnt H050% 2080a £ ]
Baseline 20508 2080a Probability
C ] ] =201 2041-209710) 071-2 1 y i
Flrllrlr::.‘::lF'} mj:':;‘:H,l Indiestar {Ij 'Eii:“l:h:] Likeshood ';;:::'Im'-‘::;:' Likehood ':__':;“l:g: Likshood Seore {\:::;I:;:::" 5:_::: Paramsber Solres D"!cf’z:r:;:ﬂ':w“
I d ! =G ] H i
- Vech : Score [L) fi Score (L) 3 Scofm [L) MEthiodokogy ] . ] 2
Value Value Value
. " . Middle N . oy o Climabe Dwln ca O Sened Daln arc ~
o Extrame Heat Dy with Trema = 355 02 3 18 4 £ 5 =] Bassline Days pear yoar RCPAE Projechions IncremsingHigh
5
E . . - . Middie i _ ) Chimate Data ca Chserved Data ard
E_ Extreme Cold | Days with Troin < . 3ec 23 3 05 2 ot 1 Rassine Chays par year RECPEES I'|;L-|E.»:'_-.~.r~£ DeceasingHigh
7]
2 Fresze Thaw Micidie Clhimate Dain ca Obsened DaEls and
_,: o Annual Frequency 598 3 409 3 i3 3 N Cyiies per vaai RCPHES o i pieiy DecreasmgHion
Cycles Bassire Projecions
1
1 . atal Pra . 2 O 0 xf e
Al Ayernge Annunl Precip 410 3 450 3 o 4 Mickse Yol Frecip RCP A5 Amate Duia.ca Ubaeved Duin and IrcreasingModernie
c Precgpitalion Basedira el Projecihons
[=] ] 1 L 1 | - 1 I ] 1
E_ Estrama Oiccumance of S0mm .02 . i 0 d .05 i Middie Fraquency per RCP .5 Climata Data ca Obsened Dsata and Increasing/Low-1o
E Easntall rasinfed in 24 hours Fim B : ’ Hasedre Ty e Frojecions Windsrate
- M idedle C | - Dl C o Dhala ard
. N _ . - , . c iddle Coreacullve e mixd Climabe Dala ca Obsened Dala ar - Il
Diraaght Lt al Dy Spihs 52 L BB 4 103 f — ity Dyl RCFES ProjecBons. Addhanal Calculalions IncrasingModere
i : Likedy Likely Chimabe Diatn ca Obsenved Dala fom
Frs Cp ol Wi g 1 '
o] Wind Gusts rﬂum'rﬂ:lL'l_‘ IIEI WIS 23 3 INCTERan, up 3 INCIEASIng, up = 4 nM!EI-I:II-EI unflq'_' pes RCFAS Siabon, Lilesiune and Reseanch 1o support | Lakely IncreasingLow
é i : o 50% 5% 1% o il ceuiacied chinsa
TamEdnes Occumence of EF 1 o 0.0z 3 { o7 3 au: 3 Micdi= Freguency pes RCPES i:_l'.:r.:".: | a0 Dlsinhase Lismiue and Saady of FPossibly
il ey |Girsacio Bt imirm Ve Rio=fariicti o l.;n[lul ||.'_'.r.l.|r_||.|- CFancis i s I|:_i|'|_.'|-:'_| | e
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PIEVC HLSG - STEP 3

Step 3 - Assessment =

Climate Parameters v Risk Assessment Specialist

v Climate Specialist

Exposure v Planning
E T v Technical / Engineering
= M Risk v Environment
& . .
o Score Assessment v Operations & Maintenance
_ v Management, Finance
Risk |
L v Legal, Insurance
Score ) g

v People

v Indigenous
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PIEVC HLSG - STEP 3

ﬁwm“li = Climate Parameters (P) “f’mqﬁﬁ .
Consequence Score (C) q - —-] =_=_
1. Vary Low . . g 1
2-Low i ;
3- Moderate Summary -5 ] “azmusar
4 - High - B
5 - Wery High
Climate Projections | ——— —— s : - -
i L L L I.d L ___L_.
PESSEl p)E [SIE L= [l L_I& Ll J 1 Consequence Comments
Elements (E) 'ml;.cn|ml.r:aw;.c|n.mt,|cn 'rmLcnmL|r:|R Lo |
Fogum . | = ® Presest
|1 [t | a| 1 R R i R mia
o | " " : SlEE|
Tmpamn R I Freuprt
1 = ! | L 4 [ L (*] i EiL
men v : I ' [ # Joan
Fepam " | = A R Frusert
1 r F A i 0 R [+ L ety
[0 | __fun I'_ L _juesl  JIN SR
| Eopumt R L 5 | & ] R A | [ F——
4 --éﬂf_ﬂ.- [ | - [ o (2 L - :"_Eﬂ
I | Tall Gl Fell Fel Tl [l nll [l [l
= ol - | L= - ' e
| = A | L ! L [ A R L men
60 | " | 1 - | " H L man
Pranad " | ! -] R i - ) Pregerd
' [ A | L ) [= ] . " ma
D] | | IR | N O | O L] [= |
|Risk Assessment: P
1. Assess interaction (E and P) by performing an Expesure Analysis |Yea/No)
|2 Assess consequence: For each (Yes) interaction sssess a Conssquence, Scare (C) | i
3. Record whiy 8 score was chosen (Consequence Comments) ey Risk 5"""”“"!
4. Calciilnte the Risk (R) for sach inleraction (ReC x L) | —fE
5. Review Risk Summary ]

CLIMATE
R/SK
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Associated =

ADVISOR




PIEVC HLSG - STEP 3

Develop Risk Score

= Calculate the Risk (R) for each interaction Risk (R) = Exposure (E) x Consequence (C) x Likelihood (L), where (E) is either Yes=1 or No=0

Summarize the Risks

Summarize and classify risk using the scales provided. Assessors may adjust the classification categories as appropriate to align with
the infrastructure owner’s risk appetite.

5 5 10
Risk Classification
4 o a4 8
Q
=
Risks requiring minimal L
1-9 Low Risk Ll 3 = 3 6 9 12 15
action -g
N
2 L 2 4 o 8 10
Risk that may require
10- 16 Medium Risk
further action 1 1 2 3 4 5
Likelihood
17 -25 High Risk Risks that require action
1 2 3 4 5

| i —
INSTITUTE Ass oua ted



PIEVC HLSG - STEP 4

v Risk Assessment Specialist

v Climate Specialist g g

v Planning =3 ==

v Technical / Engineering = H - Prepare Reports

v Natural Environment : /

v Operations & Maintenance K . = Based on identified recommendations, as necessary, prepare or integrate risk

information into:

m = Executive Summary Reports.

v People | === ‘ » Technical Reports.
v Indigenous 1 E L 1 = Presentations.
s 1 1 = Asset Management Plans.
\... ———y—y— _.." = (Capital Plans.

= As appropriate, include and highlight statements of Vulnerability and

Resiliency.

CLIMATE
R/SK
INSTITUTE

Associated =

ADVISOF



PIEVC HLSG - STEP 4

Develop Recommendations Prepare Reports
= Develop recommendations for identified risks * Based on identified recommendations, as necessary, prepare or integrate risk

= Provide justification for each recommendation. information into:

= Incorporate, as much as possible, organization risk tolerance and acceptable = Executive Summary Reports.

residual risk. * Technical Reports.
=  Presentations.

= (Categorize the recommendations according to for example: = Asset Management Plans.

= Policy/procedural changes. = Capital Plans.

= Remedial actions. = As appropriate, include and highlight statements of Vulnerability and

= Further study or analysis. Resiliency.
= Further comprehensive risk assessment.
= Further engineering analysis or design changes.
» Provide preliminary design criteria that may address the risk to guide
engineering team.
= Risk avoidance strategies.

» Consider stopping activities in high-risk areas.

CLIMATE
|NS$I%TE Associated ——

GIC ADVISORY S



PIEVC HLSG - STEP 4

Prepare Reports

= Based on identified recommendations, as necessary, prepare or integrate risk
information into:
» Executive Summary Reports.
= Technical Reports.
* Presentations.
= Asset Management Plans.
= (Capital Plans.
= As appropriate, include and highlight statements of Vulnerability and

Resiliency.

| i —
INSTITUTE Ass ouated g



PIEVC HLSG - NEXT STEP....

Scope

I_II Structural
[ ]

Data
= =mm Next Steps after a scr eening assessment:
=8
a " < = Project evaluation, selection and approval
momEm Risk .
4 Characterization = Development of adaptation plans
Assess = Asset Management Planning
l = Master and Capital Planning
Consequence = More detailed Risk Assessment and Engineering Analysis
o Appetite
Report

|
N

Adapt

CLIMATE
R/SK
INSTITUTE

Associated =

ADVISOR




EXAMPLE PROJECT

= Highway 10
near the
Town of
Minnedosa
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EXAMPLE PROJECT

=" Highway 10
near the
Town of
Minnedosa
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EXAMPLE PROJECT

MB-10

O Highway 10 Google Maps
near the
Town of
Minnedosa

Highway 10

Imagery ©@20217 CNES / Airbus, Maxar Technologies, Map data ©2021 200 m

m— m—ENGINEERS
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Associated =——
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EXAMPLE PROJECT
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DEFINING THE SCOPE - STEP 1

Step 1 - Scope / Context / Criteria

v Risk Assessment Specialist

v Climate Specialist

= Scope / Context / Criteria
=" |Infrastructure Elements

v Planning

v Technical / Engineering

v Environment

v Operations & Maintenance

bjective
Context

v Management, Finance : u CI i m ate
v Legal, Insurance oy pr

Weark Plan v People == | Time Horizon
v Indigenous =

" Geographical Setting
= Applicable Jurisdictions

— m— ENGINEERS .
T e sl G 08 I E N TS TS — Associated =
MANITOBA RATEGICADVISORYSERVIEES



DEFINING THE SCOPE - STEP 1

Step 1 - Scope / Context / Critexja

= Team Resources may include:
= Risk assessment specialist(s)

v Risk Assessment Specialist

Objectives v Climate Specialist

(Pemnns = Climate specialist(s)
—_—— v Technical / Engineering . . .
= ¢ Environment = Planners / Technical / Professional Engineer(s)
Contex et = Natural Environment Subject Matter Expert
v Management, Finance
v Legal, Insurance = QOperation & Maintenance
Wark Plan v People .
s Indiaous / = Management, Finance, Legal

<~ ' = Non-organizational stakeholders

= |ndigenous

— m— ENGINEERS .
T e wm] GEOSCIENTISTS Associated =
MANITOBA RATEGICADVISORYSERVIEES



DEFINING THE SCOPE - STEP 1

= Elements
=" Highway
= Bridge
= Adjacent
Infrastructure
= Buildings

— m— ENGINEERS .
T e wmm] GEOSCIENTISTS Associated =

MANITOBA



DEFINING THE SCOPE - STEP 1

= Climate

— m— ENGINEERS
e ==m=] GEOSCIENTISTS
MANITOBA

Temperature

Precipitation as Rain

Precipitation as Show

Hail

Ice Accretion
Flooding

Fog

Ice
Frost

Wind Speed

Fire
Lightning

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

Associated =

GIC ADVISORY SERVICES




DEFINING THE SCOPE - STEP 1

= Climate

— m— ENGINEERS
e =] GEOSCIENTISTS
MANITOBA

Temperature

Precipitation as Rain

Precipitation as Show

Hail

Ice Accretion
Flooding

Fog

Ice
Frost

Wind Speed

Fire
Lightning

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

Associated =

GIC ADVISORY SERVICES




DEFINING THE SCOPE - STEP 1

2051-2080

" Time Horizon 2021-2050

Recent Past
150

DRI/ Base system 50-100 yrs
Refurbishment 20-30 yrs

wv
IS Reconstruction 50 yrs a
o
o

Storm/Sanitary Ba_se system 100 yrs s 100
S ower Major upgrade 50 yrs o
Components 25 - 50 yrs “:
Road surface 10 - 20 yrs s

Roads & Brl_dges 50 - 100 yr”s E 50
Bridges Maintenance annually E
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

— w— ENGINEERS

e =] GEOSCIENTISTS
MANITOBA

Associated =
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DEFINING THE SCOPE - STEP 1

" Geographical Setting
and Jurisdictions
= Provincial
= Municipal
= Private

— m— ENGINEERS .
T e wmm] GEOSCIENTISTS Associated =

MANITOBA



DEFINING ELEMENTS - STEP 2

=
=
Step 2 - Elements =
‘ v Risk Assessment Specialist ——— Fm
Define v Climate Specialist | & L
Elements | O
i =
Define v Technical / Engineering e
Timeframe v Environment (‘
v Operations & Maintenance .

Define
Boundaries

Site Visit v People

v Indigenous

— = ENGINEERS

e mmmm] GEOSCIENTISTS Associated =
MANITOBA

STRATEGIC ADVISORY SERVICES



DEFINING ELEMENTS - STEP 2

nghway jacent Infrastructure Bundmg

Road Bridge Facilities Envelope
. Pavement Structure . Bridge Substructure . Industry Sites . Roofing
. Embankments . Bridge Superstructure . MB Public Works Yard . Foundation
Drainage . Bridge Deck . Roads and Paths . HVAC Components
e Culverts  Joints and Bearings . Rail Infrastructure . Building Controls, Automation
. Ditches . Drainage e Water and Wastewater Facilities - Life Safety (Fire)
Highway Safety Bridge Safety «  Community Buildings / Schools e Plumbing
. Maintenance . Railings . Public Areas (trails, parks) . Lighting
. Guardrails . Maintenance . Drainage Infrastructure . Communication and Security
e Sighage Little Saskatchewan River . River . Electrical
. Lighting . River (elevation) . Maintenance . Drainage, Parking, Site
— =S €2 rssocines —
MANITOBA ATEGIC ADVISORY /ICES



DEFINING CLIMATE - STEP 2

Step 2 - Climate =

v Risk Assessment Specialist
Establist )
Establish

v Technical / Engineering

= Collect data on:

= Climate Scenario
= Baseline Climate (Recent Past)
= Climate Change (2050, 2080)
= Time Horizon

= Establish level of precision

= Level of assessment = Level of

detail

v Natural Environment

Horizons
Establish v Operations & Maintenance
Thresholds

Likelihood

v People

Score

~ Indigenous

— m— ENGINEERS .
T e wmm] GEOSCIENTISTS Associated =
MANITOBA T



DEFINING CLIMATE - STEP 2

= 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

(:) Climate Atlas

m— — ENGINEERS .
e w) GEOSCIENTISTS @ASSOCIated —
MANITOBA STRATEGIC ADVISORY SERVICES



DEFINING CLIMATE - STEP 2

Climate Atlas Report
Municipality: Minnedosa

RCP 8.5 High Carbon climale future

= Climate Atlas of e

Yerinhia Perind L Ll Livi Beari Higli Liri Bman Hili

2 L] L asn wia wio

Ca n a a - L] ur -t e -
Frapiuinrirmj i m Ll 1M F-ul .
Frenplabrrirm| 5z - ™ Lol 1 ™
° Frae phaber iran| Y n ™ - = e
= Minnedosa I B

ia p 23 ar 14 L L]

ir aa i T Ha ns

5 {5 Ta (5] T& i

Ans - i A m L

[} 1 (] [ ] [] (1]

[l m a8 " s Le)

1 " " ] L L]
An T By 11 LITR ] Apdn LLTE] Vap I
L8 ] B TR o™ Bea. I B Lo ]

hLL 1 R 17 124 e

RCP 4.8: Low Carbon climate future
rimEscre sl e
TETE-GOS AiE -3 oS- JERG
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nr &% as! w1 s g1
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praaa My i durnd ap 1 oy 11 Way 2y
Dindw = Firnl Fall Froml Bape Eap 3 Ot B i3 Bap. 33 Ot 1
Fieni-Pies Bsmme fhuysi m m mw " k1] -
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DEFINING CLIMATE - STEP 2

Climate Atlas Report
Municipality: Minnedosa

RCP 8.5: High Carbon climate future

r.?:!H'I?:I emissions continue 1o Increasea al currant rates
1976-2005 2021-2050 2051-2080
Variable Period Mean Low Mean High Low Mean High

Precipitation [mm) annual 480 are 511 658 ars 513 BB5
Precipltation {mm) . Spring 107 60 119 187 6T 126 199
Preﬁi-plmiun“tmrhi . E:;IITII'-I'I;l' 208 1 211 3 110 201 lod
Precipitation [m'r.n] . tall 100 52 1098 178 58 108 173

Precipitation (mm) winter oo 43 108 48 . 118
Mean Temperature ("C) annual 0 2 5.5 4 o 8.3
Moan Temperature [“C) . spring : 0.2 6T 2.4 8
Maean Temperature ("C) summar 16T 1w 18.9 20.8 18.7 21.2 23.5
Mean Tempersture ["C) . fall 3 3 52 Ta 53 T.5 -]
Mean Temperature ("2} winter 5.8 -16.9 13 8.3 14 -10 -5.9
Tropical Nights annual i} o 1 5 a 1 20
YVary hot days (+30°C) annual T 5 18 36 14 38 62
Very cold days (-30°C) annial 18 1 a 10 a 3 ]
Date of Last Spring Frost . gnnual May 21 Apri| 27 May 13 May 30 April 13 ey 4 May 21
Date of First Fall Frost . annual Sep. 18 Sep. 9 Sep. 28 OcL 18 Sep. 20 Oct. 9 Oct, 28

Frost-Free Season (days) annual 118 108 135 160 127 154 184
— m——— ENGINEERS

T e wmm] GEOSCIENTISTS Associate
MANITOBA =

d—
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DEFINING CLIMATE - STEP 2

Middle Baseline Approach

u Li ke I i h OOd Likelihood - Establish Base

Score (L)
1 A Likely to occur less frequently
than current climate
I
|
2 I
I
Establish :
. : Likely to occur as frequently
3 Current Climate Baseline .
e par ot as current climate
I
s |
l
| Likely to occur more
5 I frequently than current
v climate

| i —
INSTITUTE Ass oaa tEd



DEFINING CLIMATE - STEP 2

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 480 376 511 656 a7s 513 665
Precipitation (mm) | spring 107 60 19 187 67 126 199
Precipitation (mm) [ summer 208 121 m 313 110 201 3og
Precipitation (mm) I 100 52 109 178 55 108 173
Precipitation (mm) | winter 43 109 46 118
Mean Temperature ("C) | annual 0 2 5.5 4 0 8.3
Mean Temperature ("C) | spring y . 0.2 6.7 24 4 9

Mean Temperature (*C) | summer 16.7 17 189 208 18.7 2.2 235

Middle Baseline Approach

Likelihood )
score (L) - Establish Base Method
Annuai
1 A Likely to occur less frequently
1 than current climate
1
Mean Tzmperature 5 I
|
Establish Likely ¢ P l
ikely to occur as frequen
3 Current Climate Baseline y . 5 i
as current climate
Per Parameter
|
A |
|
| Likely to occur more
5 I frequently than current
v climate

— m— ENGINEERS
T e wmm] GEOSCIENTISTS
MANITOBA

Associated =——
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DEFINING CLIMATE - STEP 2

Temperature

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

-1 3

2050 18 9

- =

o

Climate Atlas
Data or
Projection

Assigned
Likelihood
Score

m— m— ENGINEERS .
e, wm) GEOSCIENTISTS Associated =
STRATEGIC ADVISORY SERVICES

MANITOBA




DEFINING CLIMATE - STEP 2

Precipitation
. . Drought Winter

Annual Five Day Max Heavy
C e Lay Precipitation Days Dry Days Snow (mm) Ice Storms
Precipitation (mm) | Precipitation (mm) (20 mm)
I H
[s11] ¢ o1 ] 3| 5] 4

K}
4 2447

2050 511 4 61 K] .

Climate Atlas
Data or
Projection

Assigned
Likelihood
Score

m— m—ENGINEERS .
T . wa) GEOSCIENTISTS Associated =

MANITOBA




DEFINING CLIMATE - STEP 2

Extreme Events

Wildfire /
Extreme Winds Lightning Smoke

Tornado Lightning Flood Risk Report
/ lce Jams

2050

2080

Climate Atlas
Data or
Projection

Assigned
Likelihood
Score

m— m—ENGINEERS .
T . wa) GEOSCIENTISTS Associated =

MANITOBA




ASSESSING RISK - STEP 3

Step 3 - Assessment
, [ S0p3 Elments 8 Sup- i m
Climate Parameters v Risk Assessment Specialist |~ g . .
e = v Climate Specialist & . -
& EW-H’O Consequence ¢ Planiing =3 =3
< ——— v Technical / Engineering P
E Cm_ 7".-" jence _' Risk v Environment d
w Score Assessment v Operations & Maintenance 2 1 |
PR LS S S . v Management, Finance i ]
: Risk ﬁ* : v Legal, Insurance ‘
Score ) _

v People

« Indigenous

CLIMATE
R/SK
INSTITUTE

" |[mportant considerations:

Risk tolerance

Are climate interactions
possible?

Cumulative or
combination events
Likelihood scoring
Consequence scoring
Judgments on
uncertainties

@ Associated =



ASSESSING RISK - STEP 3

= Risk (R) is defined as the ’ . N
product of the Likelihood (L) g o = s = [N
of an event and the N I
Consequence (C) of that O

event — should it occur

Negligible N ely Somewhat Lik Like!
Applicable ble | Frequent
LIKELIHOOD

0 1 2 3 4 5

" R=EXxLxC

— m— ENGINEERS .
T e sl G 08 I E N TS TS — Associated =
MANITOBA T



ASSESSING RISK - STEP 3

= Risk A

Elements

F_______

m— m—ENGINEERS
T . wa) GEOSCIENTISTS
MANITOBA

Consequence Score
0 - No Effect
1 - Insignificant
2 - Minor
3 - Moderate
4 - Major
5 - Catastrophic

Climate Projections.
(Climate Atias - RCP 8.5)

Infrastructure Components

ssessment Worksheet

Climate Parameters

’__________________\

Temperature
e

Mean TemperatureMean Temperature|Mean Temperature|  Very Hot Days

(deg©)

(+30 deg C)

Very Cold Days

(-30 deg C)

Freeze Thaw
Cycles.

Climate Parameter

Five Day Max

Precipitation (mm) | Precipitation (mm)

Precipitation

Heavy

Precipitation Days
(20 mm)

Drought
Conditions

Dry Days

Winter

Precipitation

I |

Tomado

Road
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
-|Pavement Structure | s 4 0 4 0 2 0 4 0 0 2 0 4 0 3 0 4 0 3 0 4 0 4 0 4 0 4 0 4
2080 5 0 5 0 2 0 5 0 0 2 0 5 0 3 0 4 0 3 0 4 0 5 0 5 0 5 0 5
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
208 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
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 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
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 0 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
208 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
Highway Safety
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
<|Maintenance 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 o 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
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
=|Guardrails 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
208 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 0 3 0 3
~|Signage 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
208 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

— m— EMGINEERS

GEOQSCIENTISTS
MANITOBA

ERiaated O
NING

STRATEGIC ADVISORY SERVICES



ASSESSING RISK - STEP 3

= 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 (E)
= Evaluate the consequence of the climate
interaction. Assign a Consequence Score (C)
= Review risk assessment results and discuss how
the risks could be addressed

m— m— ENGINEERS A
T . wa) GEOSCIENTISTS @ASSOCIated .
MANITOBA e p———



ASSESSING RISK - STEP 3

= Risk Assessment (Workshop)

Consequence

= Evaluate if a given
infrastructure component
will is exposed to a given
climate parameter
(E): Yes (1) / No (0)

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

— m— ENGINEERS
e ==m=] GEOSCIENTISTS
MANITOBA

Method D

No Effect

Insignificant

Minor

Moderate

Major

Catastrophic

Review
Likelihood (L)

value provided.

Review Risk
Scores (R) for
each item

Risk = Likelihood x
Consequence

Low Risk

Medium Risk

Y

m— N GINEERS T A
= GEOSCIENTISTS @l&%@g%m NING

MANITOBA



ASSESSING RISK - STEP 3

Climate Parameter

Consequence Score Temperature Precipitation Extreme Events
0 - No Effect - ¥
1- Insignificant Annual Summer Winter Extreme Extreme Freeze Thaw Annual Intensity Intensity (DIl Wi Ice Storms | Extreme Winds |  Lightning Flood WY
2 - Minor Conditions Precipitation Smoke
3 - Moderate Heavy
4 - Major Mean Tem%eramre Mean ';empceramre Mean Temperature| Very HotDays | VeryCold Days | Freeze Thaw y e B EREaD ) [ — — Mt Flood Risk Report
59 Catastrophic ) (+30 deg C) (:30deg C) 0 mm) /lce Jams

Climate Projections . 2456 I H
(Climate Atlas - RCP 8.5) = a e B ot
[205] |

Infrastructure Components

Road
Present 3 15 3 9 3 12 3 12 3 6 3 9 3 12 3 9 3 9 3 3 0 3 0 3 9 3 9
-|Pavement Structure 2050 4 s|10|Y|4a|3|12|Y|2]|4|8|Y|2|4|8|Y|4|2]|8|Y|[3|3|09|Y|a|4[16]Y |3|[3[9|Y|4|3[122|Y]a]4 4 0 4 oY |4 |3 [12]Y|4]3]12
2080 5 10 5 15 1 4 2 8 4 8 3 9 4 16 3 9 4 12 5 5 0 5 0 5 15 5 15
Present 3 6 3 0 3 0 3 9 3 9 3 12 3 12 3 9 3 9 3 3 0 3 0 3 9 3 12
«|Embankments 2050 | Y [ 4|2 2|4 4 0 2 o|y|2|3[e|y|a|3[12]y|3|a|r2|y|[a]alt6]y 3|3 |o]|y|[a]s]|n 4 0 4 0 4 oy |43 [12]y|[4] 41
2080 5 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 0 3 0 3 0 3 9 3 6 3 12 3 12 3 6 3 9 3 0 3 0 3 0 3 3 9
| Culverts 2050 4 0 4 0 2 o|y|2|3[e|y|a|2[8|y|3|alr|y|[a]alt6|y |3|[2|6|y|[a]3]|n 4 0 4 0 4 oy |[4]|a y |43 |2
2080 5 0 5 0 1 0 2 6 4 8 3 12 4 16 3 6 4 12 5 0 5 0 5 0 5 5 15
Present 3 0 3 0 3 0 3 9 3 6 3 12 3 12 3 6 3 9 3 0 3 0 3 0 3 3 9
~| Ditches 2050 4 0 4 0 2 0 2|3 |6|y|a|2|8|y|3|al2|y|4a a6y |[3|2]|6]|y|[4a]|s]|2 4 0 4 0 4 oy |4]a y|a|3|2
2080 5 0 5 0 1 0 2 6 4 8 3 12 4 16 3 6 4 12 5 0 5 0 5 0 5 5 15
Highway 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 3 3 9 3
<|Maintenance 2050 ) 0 ) oy |2|2[4]|y|a]a y|2]|4]8 2 0 ) o|y |3 |3 |9 |y|[4|a|16|y |3|2]|6|y|4|3|122]y]|4]|4 y 4|4 y | 4] 4 y 4|3 |12y |44
2080 5 0 5 0 2 4 5 1 4 2 0 4 0 3 9 4 16 3 6 4 12 5 5 5 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 3 3 0 3
=|Guardrails 2050 4 0 4 0 2 0 4 0 2 oy |2|3]|6 4 0 3 o |y |[4]3 |12 3 oy |4 |3 |12|y|a]|3]|12 4 0 4 0 4 oy |[4]3 |12
2080 5 0 5 0 2 0 5 0 1 0 2 6 4 0 3 0 4 12 3 0 4 12 5 15 5 0 5 0 5 0 5 15
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 9
- Signage 2050 4 0 4 0 2 oy |[4]|3]12 2 oy |2|3]|6 4 0 3 0|y |[4]3 |12 3 oy |4 a6y |4|3|12y|4]|4]16 4 0 4 oy |[4]3]|12
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 5 0 5 0 5 15
Bridge
. Present 3 0 3 0 3 0 3 0 3 0 3 9 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 12
Bridge Substructure /  —— — — 1 1 51 1 51 1 &5 .. o e e S e e e e = 1 = ol M=
| Foundati 2050 4 0 4 0 2 0 4 0 2 olyl2]|3]s 4 0 3 0 4 0 3 0 4 0 4 0 4 0 4 oy |4]|al. y
oundation 2080 5 0 5 0 2 0 5 0 1 0 2 6 4 0 3 0 4 0 3 0 4 0 5 0 5 0 5 0 5
Present 3 0 3 9 3 9 3 12 3 9 3 12 3 0 3 9 3 12 3 0 3 9 3 0 3 9 3 0 3 6
-|Bridge Superstructure 2050 4 o|y|a |3 |22y |[2|3|6|y|[4]|4 16|y |2|3|6|y|2]|4]3s 4 oy |3 |3 |9 |y|[4]4]16 3 oy |[a|3|n2 4 0 y|a4|3]|12 4 o|y|[a|2]|8 y
2080 5 0 5 15 2 6 5 1 3 2 8 4 0 3 9 4 16 3 0 4 12 5 0 5 15 5 0 5 10
Present 3 0 3 9 3 9 3 12 3 9 3 12 3 0 3 9 3 12 3 0 3 9 3 12 3 9 3 0 3 6
® Bridge Deck 2050 4 oy |4 |3 |12y |2]3|6|y|4a|4 16|y|[2]3|6|y|2]4]s 4 oy |3 |39 |y|[4]|4]|16 3 oy |4 |3 |12y |a|4a]|16 y|a]|3|12 4 ofly|4]|2]|8 vy
2080 5 0 5 15 2 6 5 1 3 2 8 4 0 3 9 4 16 3 0 4 12 5 n 5 15 5 0 5 10

m— m—ENGINEERS
T . wa) GEOSCIENTISTS
MANITOBA

Associated =——

STR/

GIC ADVISORY SERVICES



REPORTING - STEP 4

= Evaluate Risk:
= Summaries / Prioritize Risks
(Low/ Medium High)
= Review rational for
consequent scoping
= Begin to develop treatment
options

v Risk Assessment Specialist
v Climate Specialist

v Planning

v Technical / Engineering

v Natural Environment

v Operations & Maintenance

v People

v Indigenous

| i —
INSTITUTE Ass ouated .



REPORTING - STEP 4

= Risk Treatment:
= Risk mitigation / adaptation actions
= No further action Avoid

= Remedial action Retreat -
= Avoid / Retreat / Protect / % i
Accommodate Protect
= Management action 4%% I
I 2

= Additional StUdy Accommodate
= Explore

= Natural Infrastructure

= Mitigation Opportunities

= Codes Standards - CC Based
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REPORTING - STEP 4

Risk Action

Remedial Action

Management Action

= Example Project Comments

No Further Action

Further Study or Work Requires

Road

Medium risks were r?oted in the near and far futgre Remedial Action / Further Study: MI should
related to extreme high and low temperatures, high
Pavement Structure intensity rainfall events winter precipitation ice storms
and wildfire smoke. High risks were identified in
extreme heat and ice storms.

review pavement structure design for increased
temperature and impacts to surface during ice
storms.

Medium risks were noted in the near and far future Remedial Action / Further Study: HVAC upgrades

- . should consider future extreme temperatures.
Upgrade to Heat Pumps rglated to average temperature mcreasgs, e_xtreme Increased wildfire smore may requir‘c)a upgrades to
— HVAC Components hl\?hnfn\(,jvil:twrterrnpie:TtLtji:)e:}ct:algsr:olrr::agsllityh:ili:faIelmd building filtration and air exchanges. Building
- Natural Infrastructure: events winter preciprta orms, ightning should consider additional insulation, increased
. wildfire smoke. High risks were identified in extreme shading or other uparades to reduce impacts to
Shadmg of Structures heat and wildfire smoke. HVAC%ystems = °
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REPORTING - STEP 4

= Next Steps:
= Further risk assessment
= |nform concept or planning phases of
infrastructure on areas to adapt

= Use the climate data and risks to inform design

= |nform
= operation and maintenance activities
= upgrades on areas to adapt
= adaptation plans

= Mitigation Opportunities
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REPORTING - STEP 3

= Communication
= Reporting / Presentations / Workshops
/ Stakeholder Engagement
= Decision Making (Context)

" Financial case study .J

" Triple Bottom Line analysis
= Opportunities to integrate sustainable
infrastructure
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Questions?

_—— = ENGINEERS

S e Contact: Jeff O’Driscoll, P.Eng., IRP, odriscollj@ae.ca
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