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ADAPTATION AT TRANSPORT CANADA

= Adaptation Policy
= Northern Transportation Adaptation Initiative
= Transportation Assets Risk Assessment initiative

Northern Transportation Adaptation Initiative: 2018 Permafrost
Workshop — site visit to view injection ice along the
Inuvik Tuktoyaktuk Highway
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OUR ADAPTATION INITIATIVES

Northern Transportation Adaptation
Initiative

Objective: Aims to enhance northerners’
capacity to adapt their transportation
systems to climate change.

Funding: Established in 2011; $6.9M over
three years (2018-2021)

Activities:
- Research to generate new knowledge

- Development and testing of innovative
technologies and practices

- Collaborative activities to share
knowledge and build capacity

Transportation Assets Risk Assessment
initiative

Objective: Better understand climate
risks to federally-owned transportation
infrastructure and potential adaptation
solutions that could be employed

Funding: $16.35M over five years (2017-
2022)

Activities:
- Climate risk assessments

- Purchases and installations of tools and
technology

- Associated training
- Research and analysis
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CLIMATE RISKS & ADAPTATION PRACTICES IN THE
CANADIAN TRANSPORTATION SECTOR 2016

Released in 2017

Synthesis with high-level conclusions
on the current state of knowledge on

climate risks and adaptation practices
for the Canadian transportation sector

Scope: All modes of transportation, all
regions of Canada with specific
examples and case studies

Over 700 publications synthesized by

42 lead and contributing authors, and

228 expert reviewers were engaged in
the process

CASE STUDY 1

Climate
Risks & Adaptation
Practices

For the Canadian Transportation Sector 2016

CASE STUDY 1: IMPLICATIONS OF A CHANGING CLIMATE
FOR THE TIBBITT TO CONTWOYTO WINTER ROAD

The Tiobitt to Contwoyto Winter Road (TCWR; Figure 8) is a 570-km private industrial road {akso used by the
public) in the Northwest Temitories and Nunavut. It provides access and supplies to three active diamond
mines and other mining locations. The majority of the road is built over frozen lakes, and both the construction
and operation of the road are sensifive fo climate variafions. Thus, winter warming trends have been
idenfifled as a concem for the longevity of the road

TCWR Facls:

» The TCWR is the busiest heavy-haul winter road in the world, moving a record 10,922 loads (330,002
fonnes) in 2007. I provides access to a region served by no other highways.

* The minimum ice thickness required for very light loads is 70 cm, while 107 cm is required for maximum
loading (42 fonnes). Ground-penetrating radar is used fo measure ice thickness.



CLIMATE RISKS & ADAPTATION PRACTICES IN THE
CANADIAN TRANSPORTATION SECTOR 2016 CONT’D
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Series of chapters with
information on:
- regional populations, economy,

climate
and transportation networks

- key risks, opportunities and
adaptation practices by mode

- knowledge gaps

Report can be found at:

http://www.nrcan.gc.ca/environment/
resources/publications/impacts-
adaptation/reports/assessments/2017/196
23

How climate and weather can affect rail transportation
(lllustration created by www.soaringtortoise.ca)

EXAMPLES OF IMPACTS ON RAIL
TRANSPORT
Flooding, wash-outs, and obsiructions of
railway fracks and embankments, bridges, and
culverts, floeding of below-grade tunnels

CLIMATE FACTOR(S)

+ Exireme precipitafion (heavy rainfal} and

ossociated standing water, landslides, mudsiides,
rock siides, debris floods, ice-jam flooding

+ Storm surges/sea level rise in coasial areas

Rail bridge scour and damage to bridge
structures from ice jams

* Exireme precipitafion (heavy rainfal, fiood-

induced erosion)

Buckling of rail racks

* Permafrost thaw
* Exireme heat or large termperaiure fuctuations

Broken rail racks and equipment malfunctions
and failures (may include broken wheels,
reduced effecfiveness of brakes, frozen switches)

* Exiremne cold

Damage to signalizafion equipment, rail line
obstruction (i.e. fallen power lines/trees),
railcar blow-over

* High winds
* Exireme precipitafion
* Freezing rain S
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HOW TO REACH US:

Elizabeth Smalley

Manager, Adaptation Policy | Transport Canada
@ +1 (613) 993-8412

>4 elizabeth.smalley@tc.gc.ca

Catherine Kim

Manager, Northern Transportation Adaptation Initiative | Transport Canada
& +1 (613) 991-0867

>< catherine.kim@tc.gc.ca

Donavan Jacobsen

Manager, Transportation Assets Risk Assessment initiative | Transport Canada
@ +1 (613) 993-3504

>< donavan.jacobsen@tc.gc.ca



CANADA’'S CHANGING CLIMATE REPORT:
BACKGROUND AND STATUS

Transport Canada webinar

February 27, 2019

Canada



Climate science assessments

 The Canada’s Changing Climate Report (CCCR) is @
science assessment that INFORMS mitigation and
adaptation decision-making

 Robust conclusions about current and future climate based
on assessment of current state of knowledge

« Assessed confidence levels in key findings
A select number of climate indices assessed

« Future climate projections based on selected scenarios:
focus on RCP2.6 (low emissions) and RCP8.5 (high emissions)

 The Canadian Centre for Climate Services provides links to
InNformation sources such as climate science assessments




Canada’s Changing Climate Report is part of
the NRCAN-led national assessment process

« National assessments focused on impacts and adaption
have been undertaken regularly, including climate
trends and projections for Canada.

« For this first fime, a stand-alone report is being prepared.

« Assesses current knowledge about how and why
Canada’s climate is changing and future changes, to
inform climate adaptation and mitigation action.

« Based on assessment of available literature.

Climate
Risks & Adaptation

CANADA IN A CANADA'S MARINE COASTS :
ina CHANGING CLIMATE Practices

CHANGING CLIMATE:

COUNTRY STUDY:

Climate impacts and Adaptation

&

HIGHLIGHTS FOR CANADIANS




Current NRCAN-led National Assessment

Canada in a Changing Climate: Assessing the Knowledge for Action

—_— Interactive Website
ongoing outreach and engagement and all products

Phase 1: Phase 2: 2017-2021

2016-2018 — I
Health Assessment

Canada in a Changing
Climate - Regional
Perspectives

Canada’s
Changing
Climate report

Canada in a Changing
Climate- National
Issues

O Indigenous
Resilience —

Phase 3:
2020-2021

Enhanced
Synthesis

/

|
Targeted outreach products




3'd party web site under development to
deliver Canada’s Changing Climate report

@ (o od &, Q Reports ¥ Downloads Graphics Newsroom T SHARE

Canada’s Changing

Climate

The climate is changing — in Canada and throughout the world.
Globally, international assessments continue to identify rising
air and ocean temperatures, shifting precipitation patterns,
shrinking glaciers, declining snow cover and sea ice extent,

rising sea lavel agd changes in extreme events (IPCC, 2013).

Download full report Download graphics Explore Chapters |
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Canada’s Changing Climate Report: an ECCC-led
collaborative endeavour

Contributors: Natural Resources Canada, Fisheries & Oceans Canada, non-government experts
Table of Contents
HEADLINE STATEMENTS FOR THE WHOLE REPORT (10)

* Aset of 10 short, readable, plain language paragraphs that tell the story in Canada’s Changing Climate Report
CHAPTER 1: ABOUT THIS REPORT

» Setting the stage; explaining use of IPCC confidence and likelihood terms for Key Messages

CHAPTER 2: UNDERSTANDING OBSERVED GLOBAL CLIMATE CHANGE
* Evidence that global warming is unequivocal and that human activities are the main cause

CHAPTER 3: MODELLING FUTURE CLIMATE CHANGE
* Basis of future projections, sources of confidence and uncertainty, irreversibility of climate change
CHAPTER 4: CHANGES IN TEMPERATURE AND PRECIPITATION ACROSS CANADA

* Average changes and extremes; attribution of warming in Canada to human influence; attribution of extreme events
CHAPTER 5: CHANGES IN SNOW, ICE AND PERMAFROST ACROSS CANADA

* Snow cover (seasons, amount), Canadian Arctic and Atlantic sea ice, lake and river ice, glaciers, permafrost

CHAPTER 6: CHANGES IN FRESHWATER AVAILABILITY ACROSS CANADA

» Streamflow, streamflow-related floods, lake levels, soil moisture and drought, groundwater

CHAPTER 7: CHANGES IN OCEANS SURROUNDING CANADA

* Ocean temperature, salinity, sea level changes including extreme water levels, acidification, oxygen levels
CHAPTER 8: CHANGES IN CANADA’S REGIONS IN A NATIONAL AND GLOBAL CONTEXT

* Snapshot of changes for northern Canada and 5 regions of southern Canada based on content of Chs. 2-7
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CLIMATE CHANGE IMPACTS AND
OPPORTUNITIES FOR TRANSPORTATION

NTCL cancels barge to Fort Good Hope, Inuvik,
Tuktoyaktuk

Mackenzie River water levels lowest since 1981: NTCL

CBC News - Posted: Sep 25, 2014 7:54 AM CT | Last Updated: September 25, 2014

High tides threaten low-lying Isthmus of
Chignecto

rancis Campbell (fcamy p y

| Narrow stretch of land that connects province with
| New Brunswick named by UN as one of two most
'| vulnerable areas to climate change on continent

e

Increasing temperatures

Alter pavement materials and ice roads
Cause roads and rail to buckle
Affects the performance of vehicles and airplanes

Extreme weather events

Causes waslouts and flooding
Forces flight delays and cancellations

Declining sea ice

Extends shipping season
Opens new northern shipping routes
Creates More ice hazards

Lower fresh water levels

Reduces loads for barges

. . 'Itfeltlike asinking boat": Police rescue 1,400
passengers from waterlogged commuter GO
train

A five year old girl and a seven-month pregnant won.
sasse who werd o record bre

wan were among -
o s, sl . S 7 L B ea level rise and storm surqge
train under water

Damagesinfrastructure in coastal areas

CANADIAN

CENTRE FOR
CLIMATE
SERVICES

THE CANADIAN PRESS/Winston Neutel



WHY CONSIDER CLIMATE CHANGE?
TRANSPORTATION INFRASTRUCTURE PLANNING

Estimated lifespans of
. Between 2046-2065
Transportation Infrastructure

Average temperatures projected* to
Roads increase by

4.7°C In winter
20-50 years 2.9°C in summer

Bridges Average precipitation projected* to
increase by
20-100 years 18.1% between in winter

6.% between in summer

Rail 24 hour precipitation extremes could
10-100 years become 2 x more frequent

*Values represent projections relative to the 1986-2005 baseline period for the high
emissions scenario (RCP 8.5) at the 50t percentile of CMIP5




WHY CONSIDER CLIMATE CHANGE?
REDUCE LOSSES AND DISRUPTIONS TO OPERATIONS

Extreme weather Toronto Storm 200

Cars caught in floods were safety hazards
4 M to rebuild a culvert
Arterial Road closed for 14 months

Sea level RiseChignecto Isthmus
(TransCanada Highway, CN Rail)

Estimate climate change could cause approx. 300 M
in lost trade and 1.2 M in traffic delays

Increasing temperatures Tibbitt to
Contwoyto WinterRoad

1,200 loads transported by air due to shortened
winter-road season in 2006




CLIMATE INFORMATION AND DATA
INFORMS ADAPTATION MEASURES

Climate Change Adaptation Cycle

Define Planning purpose
po Assess climate impacts

Set, review, and/or
¢' revise adaptation
goals, strategies,

and actions : : :
Climate information and
data is needed to
Adjust actions aSSESS
as needed Impacts and
_ opportunities
Monitor
action Implement

effectiveness adaptation actions

CANADIAN =)= E Figure source:

CENTRE FOR https://blackfeetclimatechange.com/our-

‘S:IE- :"‘\‘,‘:‘g E < g\ﬁ @,\GO@ environment/climate-change-adaptation-plan/



https://blackfeetclimatechange.com/our-environment/climate-change-adaptation-plan/

CANADIAN
CENTRE FOR
CLIMATE
SERVICES

CANADIAN CENTRE FOR
CLIMATE SERVICES

Established so that Do SHwaTe s ces
Canadians have the
information and
support they need
to understand and
plan for climate
Impacts

BUILD LOCAL CAPACITY

OFFER TRAINING AND SUPPORT

CANADIAN Se g

CENTRE FOR

CLIMATE — ,
SERVICES lg:_ghf @{%




CANADIAN CENTRE FOR CLIMATE SERVICES
WHAT ARE CLIMATE SERVICES?

* Developed based onsers’ needs

* Provide climate information tihelp people, communities,
and economic sectors plan for climate change

* Help answers questions like:

What climate What do the Should | plan to design ang
projections are trends and construct infrastructure
available for my projections differently?
needs? say for my

region?

CANADIAN
CENTRE FOR
CLIMATE
SERVICES




CCCS WEBSITE

* Facilitate access to existing climate data, tools and related
resources throughionsolidation and provision of links

 Build capacity to understand and use climate information by
providing:

v Guidance and contextual information on climate data, its interpretation,
and use

v" Interactive access to main ECCC climate datasets, with ability to download

v" Library of climate resources with search and filter functionality: sources
Include federal, provincial and territorial governments, national
professional organizations, climate consortia

www.canada.ca/climate-services/

CANADIAN
CENTRE FOR

CLIMATE
SERVICES



http://www.canada.ca/climate-services/

CANADIAN

CENTRE FOR

CLIMATE
SERVICES

CCCS WEBSITE

mate Service

Canadian Centr

3

Library of climate
resources

Datasets, tools,
guidance and related
resources

www.canada.ca/climate-services/

e for Cli

Climate
information basics
Climate change
concepts, trends and
role of climate
information in
decision-making

Climate Services
Support Desk
1-833-517-0376

Get help from our
climate experts to
find, understand and
use climate
information

Display and
download climate
data
View selected climate
datasets on maps or
download data


http://www.canada.ca/climate-services/

CANADA'’S CLIMATE:
HISTORICAL TRENDS AND FUTURE
PROJECTIONS

CANADIAN i
CENTRE FOR 20X Lf{

CLIMATE — ,
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HISTORICAL CLIMATE
Temperature trends across Canada

Annual national temperature departures and long-term trend, 1948-2017
5
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Annual
temperatures
averaged across
Canada have
warmed by 1.8°C
over the past 70
years.

T |
I*. Environment and Environnehent et
4 Climate Change Canada Changement climatique Canada

‘Departures from 1961-1990 average (blue) / Ecarts par rapport & la moyenne 1961-1990 ‘(bleu)
:  Linear trend (red) / Droite de régression (rouge)

1950 1960 1970 1980 1990 2000 2010
Year/Année




HISTORICAL CLIMATE
Precipitation trends across Canada

. Annual total precipitation anomalies Southern Canada | | Annual total precipitation anomalies Canada |

000 1630 o w0 o 2000 1900 1520 140 1560 1980 2000
YasrfAnnbe YaanAnnde

Annual Total Precipitation Trends (%) (1948-2012)

Precipitation is more variable but in
general has increased in Canada over the
past century.

CANADIAN
CENTRE FOR

CLIMATE
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HISTORICAL CLIMATE
Snow Cover

Annual variations in spring snow cover extent, Canada, 1972-2016

Snow cover extent in million square kilometers
10

__April
— May
- — June
- - Linear
trend
line

1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016

Since the early 1970s, snow cover extent has decreased significantly in
Canada in response to a warming climate.




HISTORICAL CLIMATE
Canada’s decreasing sea ice

CANADA'S DECREASING SEA ICE

Summer sea ice is decreasing by nearly 7% per decade

CANADIAN
CENTRE FOR

CLIMATE
SERVICES

Arctic waters could be
nearly ice-free in
summer by the 2050s.

However, summer sea
ice is thickest in the
Canadian Arctic
Archipelago region and
may remain longer.




FUTURE CLIMATE

Temperature
25th Percentile 50th Percentile 75th Percentile
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FUTRE CLIMATE
Precipitation

25th Percentile 50th Percentile 75th Percentile l

Average
projected winter
precipitation
change (%)
relative to the
1986-2005
baseline period.
(CMIP5 mult
model ensemble;
RCPA4.5)

2016 - 2035

2046 - 2065

2100

2081




FUTURE CLIMATE
Snow Depth

Surface snow thickness change(%) rcpd5 In 2050: DJF (50%)

Surface snow thickness percent (%)
change
 RCP4.5 for Winter (Dec, Jan, Feb)

2050

BN [ [
-100 -80 -60 -40 -20 0 20 40 60 80 100

Surface snow thickness change(%:) rcpd5 In 2080: DJF (50%)
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FUTURE CLIMATE
Extreme Events

24-hour precipitation extremes 24-hour precipitation extremes
1986-2005 201 6-20305anad§)¢6-2065 2081-2100 1986-2005 201 6—201.%3" ad?046—2065 2081-2100
. CMIP5 RCP2.6 = CMIP5 RCP8.5
A common way to o e B BN 0| N N
illustrate changes in H mzrmms”’ ---- L SURORLE * mzmem;"’--.,__
. . -] 20 — o o 20— B R ‘
climate extremes is i wz,m;-w ..... - - ~ .g g * -
“return period” of an A i =S — . R .: e
ovent. ' O e mem E L e e
’ 20[00 20120 20I40 20’80 2(:80 2 1[00 ’ 20100 20:20 20[40 21;60 20]30 21I00
These graphs show that
extreme we ath er events Annual maximum temperature Annual maximum temperature
Canada Canada
. . . 1986-2005  2016-2035  2046-2065  2081-2100 1986-2005  2016-2035 20462065 2081-2100
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CLIMATE SERVICES SUPPORT DESK

* Climate Services Support Desk officers are available to assist
users In finding, understanding and using climate data,

Information and tools to consider climate change in planning
and decisioamaking

« Support desk activities are coordinated with experts from
regional climate consortiand federal departments

= @

1-83351#0376 Info.cccscecsc@canada.ca




Thank you!
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Core Public Infrastructure Initiative |
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Council Canada recherches Canada



CRBCPI Update

Outline

* Project Overview

e Climatic Design Data
« Bridges

* Roads

* Rail Transit

» Life Cycle Assessment
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To develop dECISIOL? ﬁ\ |
mcludmg codes, guide: ™

the design of resilient new lfldlnqs and
_CPI and rehabllltatlon of existing




Responding to Climate Change

Funding from Infrastructure Canada

$42.5M over 5 years (2016-2021)

Pan Canadian Framework on Clean Growth and Climate Change

NRC Expertise

e Model Codes
Infrastructure
 Building Science

Environment and Climate Change Canada

« Historical data
« Climate modeling and projections




Canada’s Changing Climate

Climate change can lead to:

Increased load and/or reduced resistance of Core Public Infrastructure (CPI)
Higher stresses on existing CPI

Shorter service life of CPI

Increased risk of failure of CPI assets and loss of service

Increased risk of loss of life, injuries, illnesses due to CPI failure

Increase potential liability issues with existing codes and standards
(unreliable climatic data)

000



CRBCPI Scope

Assets
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Developing Future Climatic Design Data

« Partnership with Environment and Climate Change Canada
(ECCC) and Pacific Climate Impacts Consortium (PCIC)

« Updated historic data and projected future climatic design
data

« Climate extremes: temperature, precipitation, wind & flood

« Accounting for uncertainties in climate models & scenarios
and in performance of Buildings & CPI

* Projected climatic data from ECCC expected to be complete
by March 2019 (will need to be reviewed)

 Investigation of non-stationarity and uniform risk is ongoing




Developing Future Climatic Design Data

Change in degree days below 18°C (+3.0°C global mean temperature change) Historical

CMIPS RCP2.6
CMIPS RCP4.5
CMIP5 RCP8.5
CanESM2-LE RCP8.5

CanESM2-CanRCM4 LE
1986-2016 baseline

Change in degree days below 18°C (debiased)
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(ECCCQC)



Bridges — Understanding the aging of bridge
elements In a changing climate

« Partnerships in place with Ottawa University,
Ryerson and University of Toronto

« Guidelines for climate change adaptation of
existing bridges under changing climate
hazards

e Supporting research: corrosion, water/ice
loads, freeze/thaw, scour potential

« Climate change adaptation technologies
Including high performance concrete, FRP-
based adaptation, and structural monitoring

NRC’s Coupled Loading Lab

000 o



Bridges — Updating the Canadian Highway
Bridge Desigh Code (CHBDC)

Climate change provisions for bridge design for
implementation in CSA's Canadian Highway Bridge Design
Code (CHBDC)

« Durability, sustainability and resilience focus for 2019

*  Section 2 : "“Durability of Bridges” of the Bridge Code will
be renamed “Durability and Sustainability”, includes
provisions for bridge sustainability, resilience and
adaptation to climate change and extreme weather
events

« Design Life and Service Life clearly defined

CSA contract in place to develop full provisions for 2024
CHBDC NRC’s Coupled Loading Lab

10



Bridges — Remote Monitoring
by Satellite

Partnership with Transport Canada’s Innovation Centre
 Remote detection of bridge deformation (mm accuracy)

« Measurement validation with numerical modelling

« Assessment of failure risk due to excessive traffic and 06 —
- O DLoS (all fixed FEM dat
climate loads L g | DoS(aliplersiied) | —emFEMdata
S K ----InSAR data
.. . > 0.2 N
« Decision support tool for bridge performance and 3 \
0.0 \

maintenance assessment

0.2 2T

* Guidelines for the use of satellite-based monitoring 0.4 ,\\V/:lf
of core civil infrastructure 06

Thermal Sensitivit

0 50 100 150 200 250 300 350
Distance from north to south end of bridge (m)

Validation of satellite-measured (INSAR) data
with 3D bridge finite element model (FEM) data

000

Demos including North Channel Bridge, Cornwall



Cable-Stayed Bridges - Understanding ice accumulation
and shedding

« Developed improved ice trajectory models to provide a
better prediction of the impact of ice fragments falling from
stay cables on a bridge deck.

« Testing aerodynamics of cables with simulated ice \
. . Evaluating the aerodynamics of representative
accretion demonstrated that cable aerodynamic drag ce shapes to improve six tra,-ectory i

coefficient can be twice as high as design guidelines.

Triggered a review of the Post-Tensioning Institute (PTI):
Recommendations for Stay-Cable Design, Testing and
Installation

o ‘f‘ i E )
Testlng stay cable models with simulated ice
accretion in the NRC Wind Tunnel

® 12



Roads - Evaluating Climate Change Impact on
Pavement Structures

Simulating the impact of climate change on pavement behavior _ =
by the 2050-2080 horizon, including freeze/thaw cycles. : ‘

Guidelines on preventive measures and mitigation technigues
to minimize negative impacts on City’s road network.

Examining different technologies for improving road resiliency
Including: Fibre Reinforced Asphalt Concrete (FRAC); asphalt
reinforcement geogrids; modifiers to improve asphalt
resistance at high-temperature and/or low-temperature

Asphalt low temp. cracking

000 :



Roads — Optimizing the performance of perwous
concrete pavement 22

Improved standard measurement methods for
permeability

Field trials of permeable concrete mixtures //WMj - e
D« #7748

(orcre’l Concrete.
Optimization of permeable concrete mixtures for strength
and permeability

Assessing the freeze/thaw performance
of different pervious concrete mixtures

00



Transit - Increasing our ability to monitor the changing
conditions of rail transit

Priorities were defined with Canadian Urban Transit Association
(CUTA), three projects are underway:

. L ‘d gy J
Rail instrumented with strain gauge and optical
fibers

« Effects of Extreme Heat and Freezing Rain on Rail Transit (with
Toronto TTC)

« Investigating the Impact of freeze-thaw cycles on Railway Tracks
(VIA's Smiths Falls subdivision)

« Rail Stress Management Research to investigate the buildup of
thermal stresses (rail breaks in cold weather, buckling in hot)

e~ L N tl
VIA ride comfort monitoring: Strong correlation
found between passenger comfort and ground
penetrating radar results

000 5



Understanding the impact of climate
change on Life Cycle Assessment (LCA)

Emissions
& Waste

* Guide for LCA of buildings and

| Treatment
core public infrastructure in a N
changing climate gProduction

2 1

- Life ~ Input:

Energy and »
Material

» Practical engineering tools for
LCA in a changing climate

e Case studies of Bridge and
Road LCA

Maintenance
Repair &

)
=

Operation
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Creating Resilience on all Fronts

« Codes and Regulation

e Standards

 Best Practice Guidelines
« New Technologies

« Specifications

« Commissioning

* Incentive Programs

 Education & Training

000
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I*l Transport  Transports
Canada Canada

Questions?

UPCOMING WEBINARS

SmartICESea Ice Monitoring & Informatioig Adapting to Climate Change
Date: March 12t 2:00 — 3:00 pm EST

Incorporation of Climate Considerations: Transportation Infrastructure Design
Date: March 19t 1:00 — 2:30 pm EST

Thank you for joining us today!



