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Executive Summary

The workshop captured a diverse array of
attendeesincluding academics, consultants,
city staff and conservation authority staff.
The appeal forinformation in the area of

climate change adaptation indicates that
there is an understanding of the need for
adaptation and a desire to be partf @

group who undertakes the development
and implementation of a climate change
adaptation strategy. Eacbf the workshop

participants broughttheir own priorities

and was able to make the connection to
how they will be affected by climate change
and potertial solutions for their fieldThese

solutions are often beneficial to other areas
of study and other sectors thus providing
multiple benefits. Discussions during the
workshop indicated interest both from an
ecosystems perspective as well as the
impacts b built and human systems. This
balance will be helpful when addressing
environmental, social and economic aspectg
of climate risks in the watershed.

The workshop created a venue for
Conservation Authority and City of
Hamilton staff to talk about priorigs,
ongoing activities and most importantly
partnerships and how to work together in
adaptation.Efforts to undertake adaptation
planning can be seen in other Ontario
communities and watersheds. These effortg
can provide valuable insight for the
Hamilton Conservation Authority and for
the City of Hamilton. The City of Toronto is
one such example. Although there are

benefits in reducing Greenhouse Gas
emissions and  conserving  energy,
adaptation creates a valuable response to
the current and future impast of climate
change.

There is inherent uncertainty in climate
models and their ability to project climate
change at reduced spatial scales is limited.
However, adaptation requires planners and
other stakeholders to gathesand make use
of the most up to dée information and
advance climateognizant decision
making. Managing adaptively through the
Precautionary Principle will help reduce
climate risks andwill also build local
resilience Workshop  participants
identified a number of support pieces that
would facilitate adaptation planning in the
Hamilton Watershednhcluding:

1 Enhanced communication and
education of CA staff, City staff and
the general public

1 Enhanced watershed monitoring;
human, financial and educational
resources

1 Mainstreaming of climatechange
into existing policies and decision
making frameworks

1 Developing tools in order to assess
and manage climate risks

1 Taking stock of and building upon
current, ongoing initiatives

1 Leveraging partnerships with all
stakeholders

Some
multiple

adaptation
benefits.

measuse provide
Protection and

4 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)



Climate Change Impacts and Adaptation in the Hamilton Conservation AutiMatgrsheds

enhancement of green spaces provides
both parkways for people and movement
corridors for different animals.

Workshop attendeesalso commented on
the benefits of having a business case that
accanpanies the plans for adaptation. In
some cases, managers need to provide
some indication of adaptation costs and a
clear picture of the benefits they provide.

Finally, he local academic community can
provide vast research support for local
adaptation planing. Information such as
weather and water data, ecosystem
sensitivity/vulnerability ~ research  and
adaptive capacity building techniques all
inform adaptation planning.

5 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
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Workshop Agenda

8:30 am to 8:50 am

Registration (and light breakfast)

8:50 am t09:00 am

Welcome and Introduction
SteveMiazga Chief Administrative Officer, Hamilton Conservation Authority

9:00am to 930 am

Climate Change Adaptatiogthe Context- Al Douglas, OCCIAR

9:30 am to 10:00 am

.S@2yR GKS {G2NXYY ¢2NRYy(G2Qa -MRaboatRisE
and Cost Managementavid MacLeod, Toronto Environment Office, City of Toron

10:00 am to 10:30 am

Hamilton - Climate Change and City Actions
Brian Montgomery, Air Quality and Climate Change Coordinator, City of Hamilton

10:30 am to 10:4%am

BREAK]ight refreshments)

10:45 am to 120 pm

Components of Adaptation Planning Al Douglas, OCCIAR

12:00 pm to 1:00 pm

LUNCHprovided)

1:00 pmto 1:30 pm

Overview of Adaptation Frameworks and Tools: Risk ManagemeiitDouglas,
OCCIAR

1:30pm to 2:00 pm

Watershed Resilience and Climate ChanlyieMaster Centre for Climate Change
Research Mike WaddingtonMcMaster University

2:00pm to2:30pm

Building Resilience and Managing Change in our Watersheldzel BretonHamilton
ConservatiorAuthority

2:30 pm to 3:00 pm

Summary of Conservation Authority Regional Adaptation Workshop
Jane LewingtonConservation Ontario

3:00pm to3:15pm

BREAKlight refreshments)

3:15pm to3:45pm

Group Discussion:

What role do you think the HamiltoBonservation Authority should play in adapting
climate change?

3:45 pmto 4:00 pm

Groups Report Back

4:00pm to 430 pm

General Question and Answer Perigduestions for all of the speakers)

4:30pm

Meeting Adjourned
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Overview

In collaboration with the Hamilton
Conservation Authority, the Ontario Centre
for Climate Impacts and Adaptation
Resources held a or#ay workshop in
Hamilton to help the Hamilton Conservation
Authority, the City of Hamilton and local
environmental groups altess he
challenges of climate change.

The goals of the workshop were to help
participants :

i1 to learn about climate change impacts
and adaptation;

i to learn about what others are doing to
adapt;

1 to review the known ways in which
climate has changed ithe Hamilton
Conservation Authority Watersheds and
understand how that has impacted
natural, built and human systems;

1 to review selected projections of climate
and resulting potential impacts;

I to examine various tools (e.g. RiskK
Assessment/ Management) aNable to
help communities and watersheds
identify and prioritize risks associated
with climate change;

1 and to discuss the role dhe Hamilton
Conservation Authorities in climate
change adaptation.

Introduction

Steve Miazga, the Chief Adnstrative
Officer for the Hamilton Conservation
Authority began the day by welcoming and
thanking delegates for participating in this
important workshop.Mr. Miazga continued
by saying he Hamilton Conservation
Authority Board has accepted that climate
change isan issue that needs to be
addressed and it will be included in a
strategic plan later this yearHamilton has
already experiencedclimate change with
several gtreme weather events this year
The Hamilton Conservation Authority
understands it is happengnand for the
community (.e. for the environment,
people and safety) climate change needs to
be addressed.He concluded by saying that
the Hamilton Conservation Authority wants
to hear what participants have to say at the
workshop andhopes they canbecome a
leader in climate change adaptation.

8 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
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Presentations

The following are brief summaries of the presentations made at the worksAd®
presentations are available for viewing on thevw.climateontario.cavebsite.

9 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
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Climate Change Adaptation: the Context

Al DouglasDirector,Ontario Centre for
Climate Impacts and Adaptation Resources
(OCCIAR)

Al Douglasbegan his presentation by giving
a brief overview ofthe context of climate
change adaptation Fossil fuel emissions
have continued to increase in the
atmosphere trackingin linewith the W g 2 NJ
cas€) scenarie developed by the
International Pank on Climate Change
(IPCC) Current and continued emissions
commits the planetto further global
climate change. The IPCC has also showri
that climate nodels using both natural and
anthropogenic forcings correlaterell with
observed temperature over the last 100
years.Furthermore the number of climate
related disasters has increased dramatically
over the last 50 years.

In Canada, very significant changes i
temperature have occurred in the
northwest since 1948 and in Ontario
temperatures have changed between 0.4
and 0.6C. As a result, Ontario has
experiencel impacts in the form of
weatherrelated challenges (e.g. shortening
of winter road season, increase in spruce
budworm, less snow, dry conditions and
drought, heat stressyector borne diseases
and flooding). Thes weatherrelated or
extreme events, which will increase in
intensity and frequency into the future,
have and will continue to test systems.

B (vulnerable.

Mr. Douglas continued by saying thatis
understood that the climate is changing
along with becoming more variahleand
that we are exposed. Often, adaptation
ocaurs autonomously (i.e. we copdut it is
the residual impactghat determines our
vulnerabilty. For those, we have to respond
with planned adaptation. Climatchange
will present new challenges that test our
critical threshold to cope making us more
Adaptation will increase our
resilience Unlike coping which is shert
term and motivated by crisis, adaptation is
a longer term, continuous procesthat
combines old and new strategies and
knowledge. In conclusion, Mr. Douglas
stated thatincreasing our adaptive capacity
(e.g. access to information, knowledge and
skills, etc) will helus andour systems deal
with climate change.

Adaptive Capacity

The ability of a system to adjust
to climate change (including
climate variability and extremes)
to moderate potential damages,
to take advantage of &
opportunities, or to cope with
the consequences.

IPCC, 2007

OCC#AR
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Seé2yR (GKS {G2N¥YY
Change Adaptation Program
L (aboiit Risk and Cost Management
David MacLeod, Toronto Environment
Office, City of Toronto

¢ 2

Mr. David MacLeod began his presentation
by saying that theCity of Torontgas well as
the GTAthe province a8 well as theountry
need to be resilient and can accomplish
this through GHG mitigation and
adaptation

Anticipated climate change impacton
Toronto, includingmore extreme weather
events (e.g. heavy rain, flash floods, etc
could result in damagei 2 ¢ 2 NP
infrastructure (i.e. damage to buildings,
water, sewer transportation infrastructure,
electrical systems). More heat waves and
smay could result in more heat stress,
illness and death. It is an added stress ol
resources required for assisting local
vulnerable  populations with  limited
mobility (e.g. homeless, isolated seniors),
Flooding is a massive problem in Toronto
The City deermined that theroot cause of
the washout of Finch Avenue from the
August 2005 storm was an undersized
culvert; Toronto has over 154 large culverts
and is now undertaking a climate change
vulnerability assessmentnothree of these
culvetts. The storm alg resulted in a loss of
cultural and natural heritage features,
disrupted businesses, damaged cars an(
flooded basements.

S

NEY(G2Qa

I tAYLFGS

Toronto is looking at several way to build
resilienceby helping residents protect their
property with lot grading and sewer back
flow valves, through green roof incentive
programs, sustainable parking lots, urban
naturalization, sustainable sidewalks, road
weather information systems and 3 in 1 salt
trucks that allow for flexibility to variable
road and weather conditions.

In 2008, the Climate Change Adaptation
Strategy was approved by City Council. This
strategy will help the City ensure the safety
of both citizens and staff, enhance
customer service, reducend avoid costs
associated with extreme weather and

y piréctré due diligence. There are many

groups in the Toronto area working on
climate change adaptation and Mr.
MacLeod is working on developing the
Toronto Region Action Group on Extreme
Weather Resilierewhich would allow all of

these groups to work together.

Mr. MacLeod concluded by sharing some of
the major adaptation programs that are
happening in the City of Toronto including
Heat and Smog Alerts, Wet Weather Flow
Master Plan, Basement FloodirRrogram
and the Climate Change Adaptation
Strategy, which includes a climate change
risk assessment.

11
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Hamilton - Climate Change and City
Actions

Brian Montgomery, Air Quality and
Climate Change Coordinator, City of
Hamiton

Mr. Brian Montgomery began his
presentation by sharing work done by the
Federation of Canadian Municipalities

(FCM) which determined that
municipalites  have  control  over
approximately  45%  of  Canadian

greenhouse gas emissions. Hamilton ha
been inwlved with climate change issues
for several years beginning with their
partnership with FCM. Involvement
continued with Vision 2020, Regional
Emissions Plan, Climate Vulnerability
Study and individual community efforts
such as Tonnes for Trees. Hamiltoas

also undertaken action on climate change
with its Corporate Air Quality and Climate
Change Strategic Plan (20R608) The

action plan which included both
mitigation and adaptation and an
emissions inventoryset targets ofa 10%

redudion of 2005 enssions by 2012 and
20% emissions of 2005 levels by 2020
The emissions inventory looked at
corporate operatios and community

emissions (e.0. steel, waste,
transportation, agriculture (i.e. livestock)).
The study concluded that the biggest
emitter was tre steel industry(regulated

by provincial and federal government)
but the energy use in theommunitywas

[72)

still large and could be dealt with locally
through policies and directives.

In June of 2010, Hamilton released a
RAaOdzaaAzy LI udSMomx ¢l 1 Ay 3
residents about its greenhouse gas
emissions and provide a forum for ideas
and actions to reduce emissions. A
Climate Change Town Hall took place in
March of 2011 and topics discussed
included buildings, water, local economy
and business, and mog people. More
information can be found at
www.hamilton.ca/climatechange As
well, the Buildings Energy Density
mapping looked at the consumption of
energy in the City of Hamilton. e®ral
buildings within the city have green
roofs/walls and heat vulnerability
mapping has helped identify where
vulnerable populations exist. Along with
the work of the city, many other groups in
the community are talking about climate
change and/or haveclimate change
programs in place.

Mr. Montgomery concluded by hsiring

GKS / Adeé 2dimatelChandel 2y Qa
Charterwhichwas developed as a means

to send a common message to council

and the community to show that action is

taking place. His group is proaching

people to endorse the charter during the
OriteqQa /[/EAYIOGS [ KIFy3S
October.

12
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Components of Adaptation Planning
Al DouglasDirector,Ontario Centre for Climate Impacts and Adaptation Resources ABECI

Mr. Al Douglas began an interactive session on the components of adaptation planning by
stating that a good starting point is lookinglastoricalclimate data. The data must be from a
representative station, be continuous and cover a period of 30 ye@ontinuous temperature

and precipitation data, from 1970 to present, was collected from Environment Canada for the
Hamilton A weather sttion. Grgphs of temperature showhe change in average mean
temperature for the area, over the period of recoréas 0.9C, witha largerincrease in the
winter (1.7°C) and less in the summer (0G). The Average Maximum Temperature increased
1.3°C. Graphs of precipitation show an approximate 3% increase in annual precipitation over
the period of record.

Mr. Douglas continuedy talking about vulnerability andosed a series of questions to the
workshop participants.

1. Has your area experienced extne weather events?

Answer:
1 The area had recently experienced a few extreme weather events (i.e. wind,
torrential rainfall) that resulted in electrical outages and fallen trees.

2. Have your operations been challenged by weather events?
Answers:

1 Extreme wedter events are a public safety issue. One participant found planning
events for children challenging and has had to cancel events due to extreme
weather,

1 High flows in rivers have prevented access to data resulting in projects delays

1 Warmer weather hasprovided opportunities to parks, but they have also
experienced negative impagcts

1 Over the last 6 years, each extreme weather event has been different (e.g. high
intensity to long events). Each has posed operational challenges

1 Reservoirs are impactedhen a melt event occurs and the snowpack is lost early in
the year.

3. Have you experienced losses due to weather events?

Answers:

13 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
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1 Some businesses have experienced extreme financial losses from weather events
(i.e. damage from high wind, sewer backilppding) as they were unable to deliver
products to customers

1 In Hamilton the ski hill and wave pool are highly sensitive to weather and it is hard
to plan for the year

Vulnerability is a function afurrent exposureto climate variability and changsensitivityand
adaptive capacityr the ability to implement adaptationHow has the community coped in the
past and at present? If changes in the natural system occur, will the community still be able to
cope?This neds to be examined in the context of the current situation and includes influences
outside of climate change (e.g. population growth).

Climate models are used to look into the future. Each year the climate modptsve and

they projecthow temperatureand precipitationmaychange. In Canada, the Canadian Climate
Change Scenarios Network (CCCSN) at Environment Canada, OURANOS in Quedoeficand
Climate Impacts Consortiu@CIl¢provide climate modelling. It is important to remember that

some eventscannot be determinedas they occur at too final a spatial and temporal scale.
Statistical downscaling can help with these events, but it requires expertise not available to
everyone This should not be areason fafl { A y 3 aNRIA/NS (UsTThRECOSNEhAS? V & P
created ensembleprojections using 24 global modeldpr temperatue and precipitation
(ccesn.ca). The ensembdbows a 9% increase in winter precipitatioy the 2050s(relative to
1961-1990and using a medium emission scenario)

According to the IPCC, southern Ontario can expect increased frequency of heavy precipitation
events, reduced snowpack and more winter rain, earlier spring freshet and more frequent
summer dry spells and heatwaves (among otheisdvels in theGreat Lakesre projected to
change which has implications for hydropower and navigation. Climate chandsawellboth
positive and negativémpacts onthe tourismand agriculture industries and municipalities will
have to know how their infrastructure will be vulradle or at risk. Community managers need

to be aware of how climate variability and change will manifest itself and how it will translate
into impacts and risks for the community.

Mr. Douglas continued by posiagseries ofjuestionsto the audience

Questions:

14 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
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1. Can you relate to the projected impacts that were just discussed?

2. In what ways have you coped with changed weather and its impacts?

3. Given the projections of change, will these coping strategies continue to be adequate?
4. What will you ddifferently?

Answers:

1 Public works industry haan infrastructure deficit; $150 million for natural deterioration
alone and now climate change is affecting it. New infrastructure is being built on old
standardsand is supposed tbe in rvice forl00 years

1 If municipal infrastructure, society, communication, power grids, railways, provincial
roadwaysandgas supply adapted, only lighe job would be done. It is important to know
how each area interacts witie others.

1 Landowners are king land due to storm events.

1 Terrestrial ecologists to plant for what will be here in the future (planting selection).

1 City of Toronto is planting Carolinian species anticipating warmer temperatures.

1 Messaging needs to change depending on who you arkingrwith. In a meeting with

climate experts and scientistg was decided that communication is the greatest barrier to
climate change. There is a need for different messages for different people.

There are microclimate challenges due the geography of the lakeside and airport. Each can
have very different temperatures and precipitation events. It could be raining everywhere
else but not in Hamilton. It is also the intense precipitation events gi@iticians pay
attention to.

Education plays an important role and all levels need to be educated. It is no longer
acceptable to shake our heads and say that we are not sure. We need to get to the stage
where people understand that change is goindheippen and that we have to cope.

We are not sure what the future will be, we have to plan for the range as it is no longer
stationary.

Part of the difficulty is howinformation has been communicated in the past. We need to
talk about frequency and duran, for example a change of°C might mean 3 more
extreme events per year the degree may not be as important to people as 3 more events
GKFG FtE22R olaSySyidao L O Qif impA&siiat & lgcaléand 3t 2 0 |
individual level.

The messag@eeds to be tailoredo the audience and we have to begin targeting key
audiences such as the public and council.

15
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Overview of Frameworks and Tools

Al DouglasDirector,Ontario Centre for
Climate Impacts and Adaptation Resources
(OCCIAR)

Mr. Douglas began his presentation saying
that there are a series of assessment
methods that can help guide adaptation
planning. Information neds to be framed
to make sense to those whare tasked to
deal with climate changeFor example,
businessesrad municipalities need to think
about disruptions and downtimes; banking
and lending sectors will want to know if
companies are paying attention to weather
related events; and the insurance sector is
beginning to develop tools to define risk.
Insurance 8k can be quite significant (e.g.
storm in GTA in 2005 $500M total and
$247M in sewer backup payouts). ltiso
important to consider if due diligence been
exercised in recognizing climate and
weatherrelated risks.

The IPCC (2007) has defined foufedént
assessment approaches. The Impac
Assessments scenariodriven, uses expert
input, includes a good range of futures and
is good at identifying key issues, but
sometimes uncertainty can lead to inaction.
Risk Assessment deals with likelihoods an
consequences. Municipalities understand
the concept of risk and there are risk
assessment tools verspecific to Ontario
that helps identify priorites and
acceptability of risk. It is not always about
eliminating risk but reducing it to an

—F

acceptable leel. Vulnerability Assessments
determine to what degree a system is
susceptible to or unable to cope with the
effects of climate change and adaptation
options are often what is already being
done (e.g. best practices). Policy
Assessments determine how feétive
policy, programs and projects are given a
changing climate. Integratedssessments
combines  knowledge from diverse
disciplines and recognizes the complexity of
the issue. There are also more specific
methods that can be used for different
sectors such as the Public Infrastructure
Engineering  Vulnerability = Committee
(PIEVC) protocol.

Once identified, strategies need to be put in
place to reducethe vulnerabilities and
increase coping capacities. There are a
range of possible responses when
consicering adaptation options, these
include: no regrets, profit/opportunity, win
win, lowregret, avoiding sustainable
investments and averting catastrophic risk.

Adaptive management is a structured,
iterative process of optimal decisianaking

in the faceof uncertainty, aiming to reduce
uncertainty through system monitoring.
Even though the future is uncertain,
strategies need to be flexible in case the
right decision was not made. Continued
monitoring and evaluate will allow
incorporation of new science nad
information to make adjustments.

16
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Building Resilience and Managing Change in our Watersheds

Hazel Breton, Hamilton Conservation Authority

The Hamilton Conservation Authority focus
on a number areasincluding water
management, natural areas and built
heritage, outdoor recreation, education and
awareness and corporate sustainability. In
terms of its core mandate, regulatory
responsibilities for hazard management for
flooding and erosion focus on prention,
protection and response; and legal
agreements and memorandums  of
understanding with variousagencies are
help with ecosystem protection. The
Hamilton Conservation Authoritgndorses
adaptive  environmental ~management,
information-based  decisioomaking, a
precautionary approach and collaboration.

Arecentwind storm resulted in fallen trees
rain storms have causedflooding in
basements and low flow conditionshave
affected riparian flora and fauna in streams.
The Hamilton Conservation Authoriiglong
with other groups, will have to take into
account projected changes and impacts in
their watersheds.

Adaptive  strategies already being

considered by Conservation Authorities
include implementing riparian buffers;
enhancing and restoring  wetlands,
reforesting, putting more storage on the
landscape, raising awareness of the impac
of northward migration of flora, fauna and
disease; reviewing and if needed adjusting
dam operations; implementing good risk

management policies; maintaining a current

watershed plan and building
demonstration projects. The Hamilton
Conservation Authority needs to consider
and encourage changes within its programs
(e.g. water management needs to take
climate change into aceint).
Understanding the science is first in
reaching the desired endpoints (i.e. climate
adaptation and mitigation, weather ready
state, resilient communities, healthy
watersheds).

The Hamilton Conservation Authority and
its partners wll need to continue to
managewatersheds in the face of ongoing
and future issues; contributions of loading
to Cootes Paradise and Hamilton Harbour;
future issues including growth,
redevelopment, aging infrastructure,
deterioration in water quality, flooding and
changing climate; within the context of
Integrated Watershé Management to
address these issues in a proactive manner;
and programs with climate change as an
additional but integrated consideration.

Next stgs are to continue the dialogue
with staff, board, foundation and partners
to work towards a strategy by dzember;
increase understanding of how climate is
changing and the associated impacts and
apply this understanding to plans and

2LISNF A2y aNBSaNB &aQwWy & 0 NI @

access the need for policy and guidelines;
and periodically review and update the
above
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Smmary of Conservation Authority Regional Adaptation Workshops

Jane Lewington, Conservation Ontario

Conservation Ontario represents 36
Conservation  Authorities in  Ontario.
Conservation Authoritiewill play a key role
in building resilience of local watershed
climate change, a role that has been
recognized in the Expert Panel Report
Some hae already begun to asss what
climate change means to their business
a component of their businesslgn and

informally at the program level Some
Conservation Authorities have begun
mitigation efforts within their own

operations (e.g. green buildings, fleet
vehicles) while others are developing
science and monitoring to track the impacts
of climate chang.

Through collaboration between
Conservation Ontario and OCCIAR, thre
workshops were held this year to help
hyGFrNA2Qa [/ 2y aSNDF ()
the challenges associated with climate
change. The objéwes of the workshops
were to raise awarenes of climate change
and its implications to @hservation
Authority business provide an update on
provincial perspective and initiatives
provide opportunity for ©nservation
Authorities to share current climate change
initiatives and dscuss challenges dn
approaches for incorporating adaptation
and mitigation intotheir programs Results

D

from the workshops provided important

insights andwill inform and support further
adaptation planning and action.

Outcomes

Key Themes:

Conservation Authorities reane:

il

2K

Enhanced communication and education
to share information, knowledge and
approaches

Enhanced monitoring of climate and
weather and modelingf the

interactions of climate andcosystem
componentsas data provides the

science for informed watershed
management decisions

Human, financial aneéducational
resourcesn order to keep pace with
growing watershed management
responsibilites .
Local&l foarfydelimAte chande RR NB a a
initiatives(continue to build)
Mainstreamng ofclimate changento
existing ©nservadion Authority

programs and policies

Educatinghe publicabout their role in
adapting to climate change impacts
Venuefor Conservation Authorities to
share successes and challenges related
to climate change

Toolsto be developedb help with
adaptation panning. ©nservation
Authorities need resources such as
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guidelines and tools to aid adaptation
planning at the watershed level
Buidingupon what is already
happenincR2 y Qi y SSR
re-invent the wheel

Leveragd 2 Y A SN GA2Y !
resouices & working groups by
developing joint partnerships with
governments and agencies

i 2

Specific short term priorities:

1 Share GnservationAuthority strategies,
models and matrixes

1 Develop gorum orvenue to share
information

1 Develop climate change educati@nd
communication materials specific to
Ontario watersheds and Conservation
Authority programs

1 Undertake local modellingollect and
compile local watershed climate data
and cevelop the story.

1 ldentify critical partners (Provinge
Municipalites which Agencies?)

1 Develop climate change white papers to
garner support fromenior
marnagement and Conservation
Authority Boards

1 Begin to develop individual
Corservation Authority strategies and
tools

1 Assess how Conservation Authority
operations can incorporatelimate
change considerations themselves

Long term priorities:
A Build the Science

A

A

| 2YaSNDIF GA2Y

o Enhance monitoring and tracking for
climate change impacts
o0 Use common climate change data

O 2 Y Laiilléttipis dystems at watershed

scale

Hz(i K ® NBvaluaté cutent modelling to see if

it is suficient
Address aging flood program
o Work with province to improve
flood plain mapping, IDF curves,
flood forecastingand
detection/communication
Promote incorporation of climate
change into provincial policy
Identify budget implication$or climate
chang adaptation andlevelop
guidance
Begin work on specific issues such as
shorelines, water levels, stewardship
planting, natural heritage studies, storm
water management, regulations, etc.
Assess how climate change adaptation
is incorporated into Gnservation
Authority IWM plans
Developarisk maragement framework
Identify and set up training modules for
ConservationAuthority staff
Identify opportunities(e.g.
tourism/outdoor)

hydl NA2Qa
Advocacy link climate change and

Integrated Watershed Management and
contribute to definition of climate

change responsibilities
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Centralhub for Informationg

CGonservationOntario to facilitate

information sharing

Education andwareness

0 Among provincial/federal
stakeholders

0 Providecommunication support to
ConservationAuthorities €.g.
resources, presentations, etc.)

Promote consistency among

Conservation Authoritie

Partnershipdevelopmentg identify and

facilitate new partnerships around

climate change

Identify areas where @senation

Authorities can leverage resources

Facilitate training/workshops for

GonservationAuthority staff

Keep ©nservationAuthorities informed

on developments around climate

change initiatives

Facilitate development of guidance

documents

Solicit and provid input to climate

change initiatives on behalf of

Conservation Authorities
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Appendix 1: Group Discussion
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Group Discussion

What role do you think the Hamilton Conservation Authority should playadapting to
climate change?

Leadership role in communit@n to the public

Conservation Authority and municipality should work together to include climate change in
subwatershed plans. Internally, Conservation Authority could work on policy development
and regulations to include climate change. Some issues are out of Conservation Authority
control and must be addressed by the province.

Develop aomprehensive map of hamds.

The Hamilton Conservation Authority should play a role in the discussionghaittity on

urban boundaries. What the city decides to do on the boundaries may have a bigger impact
than climate change. These changes, combined with extreme events will make the event
more hazardous.

1 The insurance industrythrough the Insurance Buae of Canadas highly motivated to
understand Theyare testing arisk assessment toohnd Hamilton was one of the first
communities to provide data.

1 Instead of dealing with hazardshow do we protect ourselves and what have we done to
insulate ourselgs by integrating it into our assessments. Can we turn hazards into
enhancements?

1 Valuing lands in different ways e.g. wetlangapply new methods to evaluate the services
of the Conservation Authority.

1 Targeted acquisition of land to connect existipgrcels ¢ a natural heritage system
approach.

Making tools available teand teaching landowners on how to manage their land.

Protecting the watershed can do more to improve Hamilton Harbour than is currently being
done. Maintaining rain barrels to redeicthe amount of water going into the sewer
(education program). Also, if the land is sensitive it should cost higher to develop.

1 The city is not mandating green rooksjt if anyone isnterested they will not stop itThere
are some demonstration sitesOne min barrel program this summer and is at grass roots
level.

1 Storm water master plan showed areas that need to be fixéabst 12 pages was looking at
swales and council did not even pick up on We reed to move this type of thinking
forward, rot as an afterthought.

1 Departments need to support each other in areas that can benefit both.
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Hamilton Conservation Authority could map the tree canopy in the watershed (adaptation
and mitigation)

Communicatiorg the general public will not want to spd money on green infrastructure
unless they know what the benefits will ighe message needs to get out to the public and
the people who will be investing in it.

Communicatiorg visiting neighbourhoods and partners with the knowledge to teach them
about climate change. Show the community we all agree and need their help to move
forward.

Town hall discussions with testimonials.

Involve people who have already been impacted by recent stayimsng the issue to the
forefront so it is not forgotten.

Needfor greater communication between the City and the Conservation Authority.

¢CKS [/ 2yaSNDIGA2Yy ! dziK2NAG&2Qa YIAYy LiJzN1J}2as
more (e.g. reforestation, drinking water, etc) with less resources which is very difficult.

1 Nedl practical, cost effective approaches (funding) to get the public involved with green
initiatives.

1 Demonstration projects.
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Appendix2 ¢ Delegate Package
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Ontario Centre for Climate Impacts and Adaptation Resources

Climate Change Impacts andidaptation in theHamilton Conservation Authority Watersheds
is being held by th®ntario Centre for Climate ImpactsgaAdaptation Resources (OCCIAR)
collaborationwith the Hamilton Conservation
Authority. As part of the OntaridRegional
Adaptation  Collaborative this capacity
building workshopwill help the Hamilton
Conservation Authority and its partners
address the challengesassociated with ,
climate change and move forward on ‘\
adaptation. .

als

£ .

OCCIAR is a universiigsed resource hub for

researchers and stakeholders searching for

information on climate change impacts and adaptatidheCentre communicates the latest
research on climate change impacts and adaptataevelops tools and frameworke assist

with municipal adaptatiorand liaises with partners acros9ntario andCanada to encour&g

and support adaptation to climate ahge

The mandate of the Ontario Centre for Climate Impacts and #atiap Resources (OCCIAR) is
to communicate the science of climate change including its current and future impacts;
encourage the development and implementation of adaptation strategiesrdter to reduce
climate vulneability and increase resiliencyand create and foster partnerships with
stakeholder groupswithin Ontario and Canada in order to advance adaptation actibhe
Centreis alsoa hub for climate change impacts and adaptation activities, events and resources.

Theobjed A @Sa 2F (2RI &Qa ¢2NJ] akKz2L) I NB

1 to learn about climate change impacts and adaptation;

1 to learn about what others are doing to adapt;

1 to review the known ways in wticclimate has changed in the Hamilton Conservation
Authority Watersheds and understand how that has impacted natural, built and human
systems;

1 to review selected projections of climate and resulting potential impacts;

1 to examine various tools (e.g. RiskssAéssment/ Management) available to help
communities andvatersheds identify and prioritize risks associated with climate change;

1 and to discuss the role ofthe Hamilton Conservation Authorities in climate change
adaptation.
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WorkshopAgenda

8:30 am to 8:50 am

Registration (and light breakfast)

8:50 am t09:00 am

Welcome and Introduction
Steve Miazga, Chief Administrative Officer, Hamilton Conservation Authority

9:00am to 930 am

Climate Change Adaptatiogthe Context- Al DouglasOCCIAR

9:30 am to 10:00 am

Climate Change Adaptation in the City of Toront®avid McLeod

10:00 am to 10:30 am

Climate Change Adaptation and the City of HamiltoiBrian Montgomery

10:30 am to 10:45 am

BREAKIight refreshments)

10:45am to 1200 pm

Components of Adaptation Planning Al DouglasOCCIAR

12:00 pm to 1:00 pm

LUNCHprovided)

1:00 pmto 1:30 pm

Overview of Adaptation Frameworks and Tools: Risk ManagemeiitDouglas,
OCCIAR

1:30 pm to 2:00 pm

Watershed Resiliencand Climate ChangéMcMaster Centre for Climate Change
Research Mike WaddingtonMcMaster University

2:00pm to2:30pm

Hamilton Conservation Authority Hazel Breton

2:30 pm to 3:00 pm

Summary of Conservation Authority Regional Adaptation Workshop
Jane LewingtorConservation Ontario

3:00pm to3:15pm

BREAKlight refreshments)

3:15pm to 3:45pm

Group Discussion:

What role do you think the Hamilton Conservation Authority should play in adaptir
climate change?

3:45pm to 4:00 pm

GroupsReport Back

4:00pm to 430pm

General Question and Answer Perigquestions for all of the speakers)

4:30pm

Meeting Adjourned
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Background
Climate Change

Climate is naturally variable and has
changed significantly over thastory of the
Earth. Over the past two million years, the
Earth's climate has alternated between ice
ages and warm interglacial periods. There
are a number of climate variability drivers,
from changes in the Earth's orbit, changes
in solar output, sunspo cycles, volcanic
eruptions, to fluctuations in greenhouse
gases and aerosotoncentrations. When
considered together, they effectively
explain most of the climate variability over
the past several thousand years. These
natural drivers alone, however, caot
account for the increase in temperature and
accompanying suite of climatic changes
observed over the ZDcentury.

Climate change may manifest itself as a shift
in mean conditions or as changes in the
variance and frequency of extremes of
climatic varables Global average surface
and lowertroposphere  tenperatures
during the last three decades have been
progressively warmer than all earlier
decades, and the 2000s (20{I®) was the
warmest decade in the instrumental record
(NOAA, 2010)Arndt et al.,(NOAA 2010)
compared temperature data for the last 6
decades in Canada and concluded tttae
2000s was the warmest decade out of the
six that are avadble forits national study,
with an average tempetare of 1.1°C

above normal. In order, from warnsée to
coolest, the remaining decades are: 1990s
(+0.7°C); 1980s (+0.4°C); 1950s (+0.1°C);
1960s (0.0°C); and 19709.2°C)(Arndt et

al., NOAA, 2010)

There is growing recognition that these
changes may pose challenging problems for
sectors andvatersheds as well as all levels
of government There is confidence in the
ability of climate simulation models to
provide managers with useful projections of
future climate scenarios to support planning
and management across a range of space
and time scales.

Globally, two broad policy responses to
address climate change have been
identified. The first is mitigation, which is
aimed at slowing dowrand lessening the
potential future impactsof climate change
by emitting less greenhouse gases in the
atmosphere or capturing it through various
sequestraion methods. The second is
adaptation, which is aimed atducing the
negative impacts of climate change through
actions other than the reduction of GHG
emissions, and also making the best of the
positive effects of climate changeThe
primary focus of tls workshop is on
adaptation.
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Climate Change
(including variability)

l

Impacts and
Mitigation (reducing Autonomous Adaptation Planned Adaptation

greenhouse gas emissions
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v
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A 4

Responses and W
Investments

Figurel: Adaptation and mitigation in the context of climate change(ified fromSmit et al., 1999
cited in Lemmen et al., 2008)

Impacts and Adaptation

There is consensus among international RdzS (i 2 LI & d SYM0R)a A2y acé
scientists that climate change is occurring, Reducing greenhouse gas emissions
that the impacts are already being felt in  decreases both the rate and overall
regions all around the world and that they = magnitude of climate change, which
gAtf 2yte 3ISG 62NESO iockeases e dikelhoad ol 2uceessiulS NE R
frequencies and intensds of extreme adaptation and decreases associated costs.
weather, climate and sekevel events are Adaptation is not a new concept as many
GSNEB fA1Sft e ,200). OKI y 3 S approached have already allowed us to deal
with our extremely variable climate. The
Even after implementing measures to nature and rate of future climate change,
reduce greenhouse gas emissions, some however, pose some new challenges.
degree of climate change is inevitable and is
already having economic, social and Ontario is relatively well adapted to present
envionmental impacts on communities. climatic conditions; however, it may not be
Adaptation limits the negative impacts of ready for the impacts resulting from
climate change and takes advantage of new changes in average and extreme climatic
opportunities. It is not an alternative to conditions. Recently, Ontario has
reducing greenhouse gas emissions in experienced climatic events such as such as
addressing climate change, but rather a drought, tooding, heat waves and warmer
necessary complemén® & ! RI LJG I G Ainfersg AThebe have resulted in a wide
necessary to address impacts resulting from range of impacts including water shortages,
the warming which is already unavoidable lower Great Lakes water levels, declines in
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agricultural production, power outages and
outbreaks of wateiborne diseases.

Developing an dééctive strategy for
adaptation requires an understanding of
2dzNJ @dzf YSNI oAt AGe (2
vulnerability depends not only on climate
OKlFy3aS odzi I f az
(IPCC2007). Vulnerability is determined by
three factors: the natte of climate change,
the climatic sensitivity of the system or
region being considered, and our capacity
to adapt to the resulting changes. The
tremendous geographic, ecological and
economic diversity of Canada means that
the 3 factors mentioned above, drhence
vulnerabilities, vary significantly across the
country. In many cases, adaptation will
involve enhancing the resiliency and
adaptive capacity of a system to increase its
ability to deal with stress.

Adaptation responses include biological,
technical, institutional, economic,
behavioural and other adjustments that
reduce vulnerability to the adverse impacts,
or take advantage of positive effects, from
climate change. Effective responses to
climate change require an integrated
portfolio of responsesthat include both
mitigation and adaptation.

Ontario is generally well equipped to adapt
to climate change, but this adaptive
capacity is not uniformly distributed across

the province.Ontario has noted differences

in adaptive capacity between urban and

rural communities (Table 1). Indicators

such as: economic resources; availability of,

and access to, technology, information and
SRiflshad tiie Deglekdf prepdreneds Gidel dzNB

infrastructure and institutiondSmit, et al.,

2y  RS@¥)far lalYieoessantdh delafing &rfd

acting on a climate change adaptation
strategy(Figure 2)

It is imperative that decisiomakers

understand current vulnerabilities and the
extent of future change to make well
informed adaptation planning decisions.
Without this, insufficientactions or actions
that inadvertently increase vulnerabilities
could be made.

Tablel: General differences in adaptive capacity, which affect vulnerability to climate change, between
urban and ruracommunities (Atlantic Canada, Quebec, Ontario and Prairies) (Lemmen et al., 2008).
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URBAN CENTRES RURAL COMMUNITIES \
Strengths Strengths
Greater access to financial resources Strong social capital
Diversified economies Strong social networks

Greateraccess to services (e.g. health care, soc

: . Strong attachments to community
services, education)

Higher education levels Strong traditional and local knowledge

Well-developed emergency response capacity | High rates of volunteerism

Highly developedhstitutions

Limitations Limitations
Higher costs of living Limited economic resources
More air quality and heat stress issues Less diversified economies

Lack of knowledge of climate change impacts ar

o Higher reliance on naturaésource sectors
adaptation issues

Al e S @0 Efifiezl) Dl Isolation from services and limited access

infrastructure
Issues of overlapping jurisdictions that complical Lower proportion of population with technical
decisionmaking processes training

Access to Information

Social Capital Economic Knowledge
Wealth
&
Skills
Infrastructure
Access to Technologies Institutions

Figure 2: Determinants of adaptive capacigdaptedfrom Smit et al., 2003 as cited in Warren and
Egginton, 2008)
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Historic Climate and Climate Trends

The following is a compilation and summarization of weather and climate dateldorilton
Ontario(Figure 3 7). These graphs provide insight into how much certain climate variables, in
this case temperature and precipitation, have changed over theofithe weather station. In
conducting a regional analysis of climate change, additional stations from multiple sources
would provide a more substantive evaluation. Ttetacbelowwere obtained from Environment
Canada.

Daily Weather

Daily climate data &m the Hamilton Aweather station(43°10'18.072" N79°56'03.036" W
John C Monro Hamilton International Airpgrtpbtained from Environment Canada,asv
averaged to obtain monthly values for temperature and precipitatimvironment Canada,
2011). Seasonal climate valuese( winter DJE spring MAM, smmer JJAand fall SONwere
calculated by averaging the monthly data. In the following section, temperature and
precipitation data, for the yeard970 to 201Q are displayecannually and seasonallyvinter,
spring, summer and fallwith line charts (Figure8 to 7) and includes: mean, maximum and
minimum temperature and annual precipitatioBefinitions of mean, maximum and minimum
temperature and annual precipitation can be found in the Glossary.

Maximum, minimum, and mean temperature data and precipitataata were missng from

the Environment Canada datasktr January and Februad970 As a resultaverage annual
mean temperature, average annual maximum temperature, average annual minimum
temperature, average wintermean temperature average wintermaximum temperature,
average winteminimum temperaturetotal annualprecipitationand total winter precipitation
could not be calculated fdr970Q
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HistoricalClimateData forHamilton

AnnualTemperature and Precipitation
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Figure3: Average annual mean, maximum and minimum temperature (°C) and total annual precipitation
(mm) from B70to 2010. Data fronHamilton A(Environment Canada, 20)Lshows that average annual
mean temperature hasncreased0.9 °C average annual maximum temperature hasreased 13°G
average annual minimum temperature hagreased0.5°Cand total annual precipitatiomcreased26

mm at this location over thd1l years of record
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Winter Temperature and Precipitation
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Figure4: Average winter mean, maximum and minimum temperature (°C) and total winter precipitation
(mm) from 1970 to 2010. Data from Hamilton A (Environment Canada, 2011) shows that average winter
mean temperature hasncreasedl.7 °C average winter maximum tempetare hasincreasedl1.8°G
average winter minimum temperature hascreasedl.4°Cand total winter precipitationdecreased9

mm at this location over the #iyears of record.
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SpringTemperature and Precipitation
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Figure5: Average spring mean, maximum and minimum temperature (°C) and total spring precipitation
(mm) from 1970 to 201(Data from Hamilton A (Environment Canada, 2011) shows that average spring
mean temperature hasncreased0.7 °G average spring maximum temperature hasreasedl1.1°G
average spring minimum temperature hasreased0.2°Cand total spring precipitatiomncreasedby
only 4 mm at this location over the Byears of record.
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SummerTemperature and Preciition
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Figure 6: Average summer mean, maximum and minimum temperature (°C) and total summer
precipitation (mm) from 1970 to 2010. Data from Hamilton A (Environment Canada, 2011) shows that
average summer mean temperature hasreased0.3 °G average summer maximum temperature has
increased 0.4°G average summer minimum temperature hascreased 0.3°C and total summer
precipitationincreased @ mm at this location over the Byears of record.
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FallTemperature and Precipitation
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Figure7: Average fall mean, maximum and minimum temperature (°C) and total fall precipitation (mm)
from 1970 to 2010. Data from Hamilton A (Environment Canada, 2011) shows that average fall mean
temperature hasncreased0.7 °C average fall maximum temperature hasreasedl.3°G average fall
minimum temperature hagncreased0.1°Cand total fall precipitationncreased16 mm at this location

over the 4 years of record.

Future Climate dimate Change Projectiorier Southwestern Ontario
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The following mapgFigures8 ¢ 13) were created bythe Canadian Climate Change Scenarios
Network at Environment Canadaww.cccsn.ch Thetemperature and precipitation maps are
ensemble projectiors of 24 global climate modelsusing a medium emissioa scenario
According to the CCCSN (2011he t'medium' projection represents the mean of the
combination of low (B1) and high (A1B) projectiowith the Yw' projection represenng the
all-model mean resulting from the least aggressemission assumptioilfthe result from the
commonly referenced SRIB3 scenarip and orrespondingly, the 'high' projection results
indicate projected changes with the most aggressive emission assumptienmaps show the
mean change from 1961990 to 204Q2070 (or 205®). The projections are summarized in
Table 2.

‘"  Common Grid - Composite of Models
Tt ~Mean change from (1961-1990) to (2041-2070 or '2050s')
'éﬁ Annual - Medium - Change in Air Temperature at 2m (°C)

CCCSN - RCSCC

Lotitude

Langitude

40 Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)


http://www.cccsn.ca/

Climate Change Impacts and Adaptation in the Hamilton Conservation AutiMatgrsheds

Figure8: Projected Change in Annual Air Temperat(@CE€CSN, 2Q). Ensemble projection shasa
change ilfmeanannualair temperature from 19641990to 2041¢2070 or 2050s; medium emissions
scenario. Approximate location fetamiltonis shown by the redtar. Projection shows a&C

increaseby the 2050s
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.2%

OCCSN RCSCC

Lutitude

Longitude

Hgure9: Projected change in winter air temperatuf€CCSN, 2@l The ensemble projection shows
the change in mean winter air temperature from 128990 to 204%2070 or 2050s; medium emissions
scenario. Approximate location foHamiltonis shown by the redtsr. Projection shows 2.8°C

increaseby the 2050s
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Latitude

‘_ Common Grid - Composite of Models
_ Mean change from (1961-1990) to (2041-2070 or '2050s')

& Summer - Medium - Change in Air Temperature at 2m (°C)

CCCSN = RCSCC

[ N —

9E"W 92 8387w
Longitude

FigurelO: Projected Change in Summer Air Tempera{@€CSN, 2@ The ensemble projection
shows the change in mean summer air temperature from £3690 to 2042070 or 2050s; medium
missions scenaricApproximate location for Hamilton is shown by the stdr. Projection shows a

2.6°Cincreaseby the 2050s
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‘ ~ Common Grid - Composite of Models
: Mean change from (1961-1990) to (2041-2070 or '2050s")

& Annual - Medium - Change 1in Precipitation (%)

CCCSN - RCSCC

N ——
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Longitude

Figurell: Projected Change in Annual Precipitat{@CCSN, 2@ The ensemble projection shows the
change in annual precipitation from 19611990 to 204%2070 or 2050s; medium emissions scenario.
Approximate location for Hamilton is shown by the adr. Projection shows 4.5% increaséy the

2050s
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‘ Common Grid - Composite of Models
Mean change from (1961-19390) to (2041-2070 or '2050s')
N Winter - Medium - Change in Precipitation (%)
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Figurel2: Projected Change in Winter Precipitati@CCSN, 2@ The ensemble projection shows the
change inwinter precipitation from 196¢1990 to 2042070 or 2050s; medium emissions scenario.
Approximate location for Hamilton is shown by the =dr. Projection shows 8.34%increaseby the

2050s
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‘ Common Grid - Composite of Models
Mean change from (1961-1990) to (2041-2070 or '2050s")

Summer - Medium - Change in Precipitation (%)
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Figurel3: Projected Change in Summer Precipitatf@CCSN, 201Mhe ensemble projection shows the
change in summer precipitation from 1961990 to 2042070 or 2050s; medium emissions scenario.
Approximate location for Hamilton is shown by the red star. Projection shows a 0.11% dduyd¢hse

2050s
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Table2: Summary of the ensemble projectiof€CCSN, 2011)

Climate Change Projections for Southwestern Ontario

Ensemble projections show a mean change from 18830 to 20412070 or
2050s, medium emission scenario

Annual Air Temperature 2.6°C

Winter Air Temperature 2.8C

Summer Air Temperature 2.6°C
Annual Precipitation 4.5%
Winter Precipitation 9.35%
Summer Precipitation -0.11%
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Climate trends and projected values f8outhern Ontaridrom 2010 to 2050

Observed climate trends and climate related factors, along with projections to the 2050s are
summarized in (Tablg). These were created for the Institute of Catastrophic Loss Reduction by
James Bruce (2011) and can be used for initial assessment of adagidorities. The author
suggests that for more detail, the appropriate comprehensive reference should be consulted.
Projections of values from 2010 to 2050 are based on outputs from climate models using the A2
scenario and extrapolation of observedends since the 1960s (Bruce, 201Ranges in
observed and projected values indicate differences over the rediolist of references and
further instruction on how to interpret these tables can be found in the repqrClimate
change information foradaptation ¢ Climate trends and projected values for Canada from
2010 to 2050.

http://www.iclr.org/climateextremesbruce.html

Table3: Observed climate trend and climatelaged factors and projections to the 2050s.

Temperature
Observed (Trends) By 2050 (from 2010) | Notes
Temperature °C (19562007)
Max °C Min. °C °C
Annual Oto1l 05to1.5 21035 See
Winter 05to1l 05t015 2t035 Note
Spring | 0.5t0 1.5 0.5t0 1.5 210 4 1
Summer| 0.5t01.5 15 2t03
° Autumn | -0.5t0-1.0 0.5 2t03
3
;!; Temperature Extremes (195@®007)
g' Frost Free Days 0to 30 25
e Growing Days > 5°C 10 to 30 20
Toronto Tya> 30°C | igg:ggoi\/(;rage Double ,\IS;:;
6
Tmax o
20 4°C
ThaxH N [B1E
(i.e. double
frequency)
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