proud to host Alberta’s Adaptation
Resilience Training module
recordings and resources. 4

Check out climatewest.ca for all training material ~
available through ART and other initiatives.
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Saskatchewan, and Alberta, is -




The aim of the Adaptation Resilience Program (ART) is to build the
capacity of professionals in Alberta to adapt to climate change.
This module was recorded in September, 2021.

Professionals across the Prairie region may find this training
useful.

Supported by the Natural Resources Canada’s Building Regional Adaptation Capacity and
Expertise (BRACE) Program and the Government of Alberta

I * Natural Resources Ressources naturelles
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Platinum member

Engineering

Adaptation Resilience Training

Knowing your Infrastructure for Building Resilient Communities

Jeff O’Driscoll, P.Eng. IRP, Division Manager, Infrastructure
September 2021
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Module Overview

* Demonstrate how climate data is
used in assessing and managing risk,
defining design parameters/criteria
and communicating climate impacts.

* The ART Infrastructure Stream focuses on buildings, roads
and bridges intended to have a minimum 50 year life cycle.
Some parts of the Stream’s content may be applicable to
other Infrastructure assets such as electricity grid
infrastructure, water treatment facilities, and dams.



—
Module Overview

* Introduction and Links to Previous Modules
 Climate Change Resilience Assessment

* Example Project

* Defining the Scope of an Assessment

» Defining Climate Data

* Break
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Module Overview

» Assessing Risk

* Group Exercise 1

* Break

* Risk Evaluation and Treatment
* Group Exercise 2

e Question and Answer Session



Links to Previous Modules




Context and relationships with other modules

Climate Risk Risk : . .
: L Economics Communication
y & 8 3 3

*

Agriculture Coi‘mmynl’ry Infrastructure eliERinEe |




Looking Back

I*l (E::;vmi?tgnéehgnag';dt‘.anada p;& RC Atbm_- Government ® C I i m a te D a ta

e e e T Projected temperature change in Alberta

The Weather Isn't What It Used to be: Separating Fact from Fiction and Alberta
Changing Climate By the end of the
David Sauchyn, Ph.D., P. Geo, Prairie Adaptation Research Collaborative 8- centu ry* .

Jeremy Fyke, Ph.D., P.Geo., Canadian Centre for Climate Services
Septebmer 2021

High Emissions Scenario
(RCP 8.5): +5.8°C

Moderate Emissions
Scenario (RCP 4.5): +2.9°C

Change in Temperature (°C)
f -9

2_
Low Emissions Scenario
0- (RCP 2.6): +1.7°C
=21
1950 2000 2050 2100

Year



Looking Back

* Risk Identification and Assessment

Associated
Engineering b@rb[\_. Government
E [
= g - g n -

‘ s f

Adapfétion Resilience Training

Core Module 3A: Risk Identification and Assessment

Owen James, AE Practice Leader Asset Management

September, 2021

Built / Social / Natural / Economic

Impacts

Event

Consequence

Likelihood
\ 4

Condition Effects

Consequence



Looking Back

Engineering

€>--. P - Risk Management

. A

il S} Scope, Context, Criteria ﬁ }
Adaptation Resilience Training

Risk Management: Learning which Climate Risks are Important NS

v
Risk
Identification
e
Risk
Analysis
v
Risk
Evaluation

\/

Risk Treatment i \

Recording and Reporting

to Manage and How

Owen James, AE Practice Leader Asset Management

September, 2021

MaIASY pue Bullojuoly

Communication and Consultation
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Looking Back

— FOUNDATI

L (el ot « Economics

Adaptation Rsilience Training .
Making Dollars and Sense of Climate Change: Economic Aspects of |ntegrated Assessment MOdeIS (IAMS) Of Cllmate Change COStS

Adaptation

Richard Boyd, Ph.D, M.Sc., B.A., Director of Research, All One Sky Foundation

September, 2021 @

Economic
dynamics

(CGE)

Economic
module

Future GHG
emissions
(BAU or
mitigation)

Abatement
costs

Economic
impacts

(damage

functions)

Projected GHG
concentrations

O . Climate \
Future climate module !
change ~
impacts o
(climate

sensitivity)



Looking Back

Associated
Engineering b@f‘m . Government

Adaptatlon Resilience Training

Core Module No. 4: Communication

Garry Drachenberg, P.Eng., Associated Engineering

September, 2021

« Communication

Figure ES-1 | Five Gears That Can Help Bridge the Implementation Gap

~

:‘o

/‘/ WORLD
g//\ RESOURCES
J INSTITUTE

https://www.wri.org/publication/climate-planning-to-
action




Climate Change Resilience Assessment
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Infrastructure and Climate

I Expected Lifecycle

Base system 50-100 yrs

WatDe?';‘j/ | Refurbishment 20-30yrs
PRIY Reconstruction 50yrs
: Base system 100 yrs
Storrgé\?vaenrltary Major upgrade 50 yrs
Components 25 - 50yrs
Road surface 10 - 20vyrs
Bridges 50 - 100 yrs
Rogds & Maintenance annually
Bridges

Resurface concrete 20-25 yrs
Reconstruction 50-100 yrs

Houses/ Retrofit/alterations 15-20yrs
Buildings Demolition 50-100 yrs



Climate Change Resilience Assessment

* Why?
To deal with:

Uncertainties of future climate

Risks to physicalinfrastructure
and infrastructure service

Service disruptions

Protection of people, property,
environment

Legal and financial implications

Lifecycle and management of
operations

Planning to improve resilience

* When?
* Full lifecycle

* Planning,
* Design and
* Operation
* Upgrade

Framework (clause 5)
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Climate Change Resilience Assessment

* PIEVC Protocol

* 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. (pievc.ca)

Relevant Interaction

Triggers Threshold
Within Time Horizon

Note: Ow nership and control of the PIEVC Program by partnership consisting of the
Institute for Catastrophic Loss Reduction (ICLR), the Climate Risk Institute (CRI) and
Deutsche Gesellschaft furlnternationale Zusammenarbeit (G1Z) GmbH.
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Climate Change Resilience Assessment

« [SO 31000
Compliant

e Usedin
Infrastructure
Canada
Climate Lens

 PIEVC Protocol

Project Definition

@ Scope, Context, Criteria @

Risk Assessment

—
Risk
Identification
v
Risk
Analysis
V
Risk
Evaluation

v

’ Risk Treatment ‘ i
: / Recording and Reporting

Data Gathering &
Sufficiency

Risk Assessment

MoINDY pue BuLIo}IUC

Communication and Consultation

Engineering - -4 -
Dislees Engineering Analysis

(Optional)

Conclusions &  [€----=-=========--

Note: Ow nership and control of the PIEVC Program by partnership consisting of the Recommendations

Institute for Catastrophic Loss Reduction (ICLR), the Climate Risk Institute (CRI) and
Deutsche Gesellschaft furlnternationale Zusammenarbeit (G1Z) GmbH.
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Climate Change Resilience Assessment

* For this Modules
Demonstrate how climate data is

used in an example project
Highway 2 between Rycroft and
-airview including Dunvegan

Provincial Park
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Example Project Description
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Climate Change Resilience Assessment
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Example Project

* Highway 2
between Rycroft
and Fairview

-_AA . -
Alberta Parks Dunvegan Provincial Park

To Fairview s

o T

To DUnVegarT: s
[ el B } Gard}:'\s =
G [ rrons :
- R .

B [ E
Harseshae Washrooms
Fitch 1]

[ Tkl © oo

Peace River

1530 Amp
Fomer

March 2020

Mbertan
Source: Government of Alberta, https://www.albertaparks.ca/parks/northwest/dunvegan-
pp/information-facilities/camping/dunvegan/



http://www.albertaparks.ca/parks/northwest/dunvegan-

Defining the Scope of an Assessment
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Defining the Scope of an Assessment

¢ EStathh Project D.ef'i"nition
* Infrastructure

 Climate

* Time Horizon
* Geographical Setting
Applicable Jurisdictions

Recommendations




—
Infrastructu re

Highway Bridge Provincial Park

Road Bridge Facilities
* Pavement Structure * Bridge Substructure / Foundation * Park Buildings
*  Embankments * Bridge Superstructure » Historic Buildings
Drainage * Bridge Deck * Roads and Paths
* Culverts « Joints andBearings * Drainage
» Ditches * Drainage  Power and Communication
Highway Safety Bridge Safety * Maintenance
* Maintenance * Lighting * RiverShoreline
*  Guardrails * Railings * Public Use and Safety
* Signage * Maintenance
Peace River

e River (elevation)

* Shoreline



Climate

Risk identification

* Very much a brain-storming process
« Getrelevant stakeholders involved - scientists, engineers, asset owners
« Use tools/matrices as prompts to help you e.g. PIEVC

e e ™ orought 1 Wind | Fiood | Tomado |

Bridges & culverts v
Buildings & structures v v v v
Rural communities v ¥ v
Roads v
Buried utilities v
Natural v ¥ 7

environments

« Begin to build information — where / when / who / extent / why /
existing controls 6

Temperature

Precipitation as Rain

Precipitation as Snow

Hail
Ice Accretion
Flooding

Fog

Ice
Frost

Wind Speed

Fire
Lightning

—

Mean values

Extremes

Frequency andIntensity
Annual/seasonal precipitationand rain
Drought conditions

Annual/seasonal precipitationand snow
Magnitude of snow events

Rain on snowevents

Frequency of events

Magnitude of events

Ice storm events

Ice buildup oninfrastructure

River / Lake Flooding

Flooding (precipitation)

Frequency

Visibility

River or lakeice

Freeze thaw cycles

Changein frost season

Extremes gusts / Thunderstorm winds
Tornado eventfrequency/intensity
Wildfire /Smoke

Lightning



—
Climate

Temperature Mean values
Extremes
Precipitation as Rain Frequency andIntensity

Annual/seasonal precipitation and rain
Drought conditions

Precipitation as Snow Annual/seasonal precipitationand snow
Magnitude of snow events
Rain on snowevents

Hail Frequency ofevents
Magnitude of events
Ice Accretion Ice storm events
Ice buildup oninfrastructure
Flooding River / Lake Flooding
Flooding (precipitation)
Fog Frequency
Visibility
Ice River or lakeice
Frost Freeze thawcycles
Changein frost season
Wind Speed Extremes gusts / Thunderstorm winds
Tornado eventfrequency/intensity
Fire Wildfire /Smoke

Lightning Lightning



Time Horizon

Recent Past

Alberta

Base system 50-100 yrs

WaEe?'nS]ls,l/ I Refurbishment 20-30 yrs o= B
PRl Reconstruction 50 yrs (]
1]
. Base system 100 yrs -
Storrge/fvaer;ltary Major upgrade 50 yrs E
Components 25 - 50 yrs = 6
Road surface 10 - 20 yrs E
Bridges 50 - 100 yrs
%??ddsef Maintenance annually E‘ 4
& Resurface concrete 20-25 yrs @
Reconstruction 50-100 yrs =
=
Houses/ Retrofit/alterations 15-20 yrs e
Buildings Demolition 50-100 yrs % A
c
£ 0
(&)

1950 2000

2021-2050

2051-2080

A

2050 2100

Year



.

Geographical Settlng and Jurisdictions
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Defining Climate Data



Defining Climate Data

Project Definition

* Collect data on:
* Baseline Climate (Recent Past

. Climate Change (2050, 2080) EEp
 Time Horizon

Data Gathering &
Sufficiency

Risk Assessment

» Establish level of precision
* Level of assessment = Level

of detail



—
Defining Climate Data

* 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 that can be leveraged by nearby communities.


http://www.parc.ca/

Defining Climate Data cime atss repor |

Municipality: Spirit River

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

°
e Climate Atlas of Canada . P e
Variable Period Mean Low Mean High Low Mean High
w e w e w o
79 45 86 135 50 96 154

summer 190 105 196 209 109 201 304

Precipitation (mm) “ 92 57 100 150 61 106 166

s s ow wm ww

¥ SLL-RRLTIITLY ] \I m o s e i £ G il
' J ] v\ Fort [ Mean Temperature’e) | spring MK 1.6 46 W 3 6.3 99
[ i | McMurra 15 154 17 18.6 17 19.1 212

? e ___il,z { ) 43 453 4106 61 1238 82 358
| / o

Precipitation (mm) m

“;’L'I-'

- —

[} 0 0 0

- A
Z e o(imshaw Jpeace River | / | anuar |
Z { N | Wabasca: CECTTRN, : = ' v o  on o=
< | - X pDesmargis EETTINNT, ~ v o« n
2 5 U i GO 50 ) CRCEICNIETTR ¢ sws  swn o ses  ows o
b L _\{ESSE;’ _EU I." Frost-Free Season (days) m 123 119 143 171 132 161 195
I o Slave L o |
2 High~2__—g) T /|
g ] NG Praine Y Slave ~J I
S = "tPE'.“E [ Malleyview] Lake g2 ’ i Lac La RCP 4.5: Low Carbon climate future
]rl. |Ver L | 5 l | 1 Biche Ca GHG emissions much reduced
p ‘ Lo & Rwan L L ' 1976-2005 2021-2050 2051-2080
Variable Period Mean Low Mean High Low Mean High
recpmonm T R S SR

190 111 197 203 109 196 292
“omow o wwww
m 2.5 12 43 7.4 24 5.4 8.4
15 154 16.7 183 158 17.6 19.5
“ 2.7 18 43 65 26 5.2 7.5
43 454 109 6.6 437 94 52

0 0 1

m May 12 April 15 May 5 May 20 April 7 April 30 May 16

Date of First Fall Frost | annual  [EEEERD Sep.8 Sep. 26 oct. 17 Sep.9 Sep. 20 oOct. 18
Frost-Free Season (days) m 123 114 140 170 119 148 180




Establish Climate Parameters

Variable

prcton(om | enal
Prcpiatonom | sunmar
rrepaonom |

Precipitation (mm)
Mean Temperature (°C)

.Mean Temperature (°C)

RCP 8.5

Period

winter
annual

spri'ng

1976-2005
Mean
444

190
92

Low

354

105
aT

2.2
1.6

2021-2050

Mean

470

High
601
135

150
133
5.6
T.T

2051-2080

Mean

498
96
201

High
638
154
304
166
140

8.1
9.9




Establish Climate Parameters

1976-2005 2021-2050 2051-2080
Variable Period Mean Low Mean High Low Mean High
Precipitation (mm) annual 444 354 470 601 363 498 638
Precipitation (mm) spring 79 45 86 135 50 96 154
Precipitation (mm) summer 190 105 196 209 109 201 304
Precipitation (mm) fall 92 57 100 150 61 106 166

83 53 a0 133 59 140
Q 22 o 56 39 8.1
E 1.8 -0 7.7 3 9.9

Likelihood

Method A Methed B Method C
Ar.nual
Negligible <1in1,000
Not Applicable
Highly Unlikely 1lin100 Likely to occur less frequently
Me7.n Te mpera ture Improbable than current climate
Remotely Possible 1in20
Possible 1linl0 Likely to occur as frequently
Occasional as current climate
Somewhat Likely 1in5
Normal
Likely >1in2.5 Likely to occur more frequently

Frequent than current climate



Establish Climate Parameters

Precipitation

Annual

Intensity

Intensity

Drought Conditions

Winter Precipitation

Ice Storms

Precipitation

Annual

Intensity

Intensity

Drought Conditions

Winter Precipitation

Ice Storms

Temperature

Annual

Summer

Winter

Extreme

Extreme

e Storms

Freeze Thaw

Mean Temperature
(deg C)

Mean Temperature
(deg C)

Mean Temperature
(deg C)

Very Hot Days
(+30 deg C)

Very Cold Days
(-30 deg C)

Freeze Thaw Cycles

Present

1.9

2050

3.9

2080

6




Assessing Risk



Assessing Risk

* Important considerations:

Risk tolerance
Are climate interactions
possible?

Cumulative or combination
events

Likelihood scoring
Consequence scoring
Judgments on uncertainties

Project Definition

Data Gathering &
Sufficiency

Risk Assessment

| Coﬁclusin;ls &

Recommendations

Engineering Analysis
(Optional)




—
Risk Assessment

5 Catastrophic 0 5 10
« Risk (R) is defined as
the product of the ) - ° ) °
Likelihood (L) of an ; S - ; 3 6 0 12 15
event and the 8
consequence (C) of i : i i ! i : ?
that event - should it 1 w0 1 2 3 4 5
occur. 0 No Effect 0 0 0 0 0 0
R=LXC R | D e DR U

LIKELIHOOD

0 1 2 3 4 5



Risk Assessment Worksheet

Climate Parameters

———————————————\

Climate Parameter

Consequence Score Temperature Precipitation
0 - No Effect

1 - Insignificant Winter

2 - Minor Annual Summer Winter Extreme Freeze Thaw Annual Intensity Intensity Precipitation Ice Storms Extreme Winds

3 - Moderate

& o LUy Mean Temperature |Mean Temperature (MeanTemperature | Very Hot Days Very Cold Days Freeze Thaw Annual Five Day Max CEV FloodRi
- rophi initati . ood Ri

ShaCalesionne (+30 deg C) (-30deg C) Precipitation (mm) | Precipitation (mm) DZ;:FZIEA‘;O;) Dry Days Snow (mm) Ice Storms fornado

Climate Projections
(Climate Atlas - RCP 8.5)

Infrastructure Components

InfrastructureI

Components Road

Presel 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 2 4 0 4 0 2 0 4 4 2 4 2 0 4 0 3 0 4 0 3 0 4 0 4 0 4 4 4 4 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

Presel 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 2050 4 o 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

Presel 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 2050 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

Presel 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 [ 3 0 3 0 3 0 3 0 3 0 3

- |Ditches 20t 4 0 4 0 2 0 4 0 2 0 2 0 3 0 3 0 3 0 3 0 3 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

Presel 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 20 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

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 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
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

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 2 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

\
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Group Exercise

o Workmg 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



Risk Assessment

1. Evaluate if a given
infrastructure

Method D

with a given climate
parameter (Yes / No)

No Effect
Insignificant

Minor

2. Evaluate the
consequence of the
climate interaction.
Assign a Consequence

Score (C)

Moderate

Major

Catastrophic

H
component will interact -

3. Review Likelihood (L) BRSNS
value provided. Consequence

4. Review Risk Scores Low Risk
(R) for each item
Medium Risk
Risk (R) =
Likelihood x




Reporting from Exercise 1 s mins







Risk Evaluation and Treatment




Risk Evaluation and Treatment

* Evaluate Risk:
 Summaries / Prioritize Risks
(Low/ Medium High)
« Review rational for
consequent scoping

* Begin to develop treatment
options

Project Definition

Conclu‘sioﬁs &
Recommendations

20Eepa
Engineering Analysis
(Optional)




—

Risk Evaluation and Treatment

Evaluate Risk:
* Risk Mitigation / adaptation
actions

* No further action

 Remedial action .

 Management action ®
« Additional Study

Avoid

Protect
Accommodate
Retreat




Risk Evaluation and Treatment

Risk Treatment:
* 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 inform design

* Inform operation and maintenance activities
* Inform infrastructure upgrades on areas to
adapt

* Inform adaptation plans




Risk Evaluation and Treatment

Communication

* Reporting / Presentations / Workshops /
Stakeholder Engagement

\ /%

Leadership and

« Decision Making (Context) cadersip n

* Financial case study
* Cost benefit analysis
* Triple Bottom Line analysis Kooyl FaenS)

* Opportunities to integrate sustainable
infrastructure




Group Exercise (s mins)
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Group Exercise

Avoid
Working as a Group Protect
e Comment on risk actions Accommodate

Retreat

* No further action
 Remedial action
 Management action

« Additional Study
« Comment on how to

communicate or report

mmmmmmmmmmm

CCCCCCCC

Ditches

Maintenance

Guardrails

ggggggg

Bridge Substructure/
Foundation




Reporting from Exercise 2 s mins







DISCLAIMER

All information in this presentation is intended for non-commercial use. Information
may not be copied, reproduced, republished, posted, transmitted, displayed,
distributed, modified, merged with other data, published in any form or create
derivative works from this information without the owner’s prior written approval. By
continuing to use this presentation, you confirm agreement with, and acceptance of,
the foregoing conditions ofuse.

To inquire about obtaining permissions, please send a request to AE
https://www.ae.ca/contact) or ClimateWest (info@climatewest.ca).



https://www.ae.ca/contact
mailto:info@clilmatewest.ca

THANK YOU!

If you have any questions, please contact info@climatewest.ca

To download this presentation and additional resources please visit: climatewest.ca

Building Prairie Resilience

Y.
& ClimateWest @



mailto:info@climatewest.ca
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