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Ontario Centre for Climate Impacts and Adaptation Resources

OCCIAR is a univershigsed resource hub for researchers and stakeholdeas providesinformation on
climate change impacts and adaptation. T@entre communicates the latest research on climate change
impacts and adaptatigriaises with partners across Canada to encourage adaptation to climate change and
aids in the developmerdnd appicationof tools to assist with municipal adaptation. The Centre is also a hub
for climate change impacts and adaptation activities, events and resountgs//www.climateontario.ca

Community Adaptation Initiaive

The Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) and the Clean Air Partnership
(CAP) have been selected to coordinate an outreach project on climate ch@ahgeCommunity Adaptation
Initiative is a project to help communitiegldress the challenges of climate chan@édais initiative will work

with private and public sector groups, conservation authorities and-gmrernmental organizations to
become more resilientd climate change and its impacts
http://www.ene.gov.on.ca/en/air/climatechange/communityadaptation.php
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Overview

In order to enhance the level of knowledge and activity related to climate change impacts and
adaptation, the Ontario Centre for Climate Impacts akadhptation Resources (OCCIlARs
engaged by the Cataraqui Region Conservation Authority to develop and conduct a one day
climate change adaptation workshop. Together with the Conservation Authority, OCCIAR
developed a facilitated day long session thatukbguide participants through a vulnerability

and risk assessment process which would arrive at adaptive responses designed to reduce
climaterelated risks. The session included a presentation of the science of climate change, local
climate data, local shate impacts and polled participants on their views on changed weather
and climate and how it affected the ecosystems and their way of life. Participants Wsre a
invited to share ways in which they have coped with variable weather and given projeations
future climate, would those coping strategies be suitable.

Participants were also presented with the various methods of adaptation planning that exist in
the literature. The risk management approach was explained and an interactive risk
management sessn followed.

The diversity of workshop attendees, including a majority contingent with natural sciences
background made the discussions incredibly fruitful. Previous working sessions like this one
often focus on adaptation in a community setting with moeenphasis on built system
vulnerabilities and adaptive measures. Workshop attendees were very familiar with the state of
the environment in their area and accepted and recognized the contributions that climate
change has made on ecosystem healfRrevious essions with representatives from
Environment Canada had introduced climate change impacts and adaptation, focusing on the
impacts in the~rontenacArchBiosphere Reserve.
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Workshop Agenda

Time

Agenda Item

9:00 a.m. to 9:10 a.m.

9:10 a.m. to 10:15 a.m.

10:15 a.m. to 10:30 a.m.

10:30 a.m. to 11:15 a.m.
11:15 a.m. to 12:15 p.m.

12:15 p.mg 1:00 p.m.

1:00 p.m.¢ 2:30 p.m.

2:30 p.m.g 2:45 p.m.
2:45 p.mg 3:15 p.m.

3:15 p.m¢4:00 p.m.

Welcome and Introduction

Climate Context

RegionalClimate Trends, Variability and Extremes
Non-climate Stressors

Climate Projectionsand Impacts

= =4 -4 -9

BREAK

Overview of AdaptationApproaches and Tools

The Risk Management Approach with Hazard and Impact Analysis
Exercise

LUNCH
Break out groups; Sectorspecific Hazard and Impact Analysis,
Identification of Adaptation Optionsfor Municipal Infrastructure and

Tourism

BREAK
Reconvene and report back, group discussion

Discussion of the Risk Management Exercise Process and Next St

Ontario Centre for Climate Impacts and Adaptation Resou
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Presentatiorand Discussion

The followingis a brief summary of the discussion and questions arising frondéydong,
facilitated information and planning session. The facilitator and lead presenterAv&@ouglas

from OCCIARAIthough compressed into a ddgng session, the goal of the day was to discuss
the various components of an adaptation planning process. Participants discussed climate data
(historic and future), vulnerabilities, risk assessment, adaptive responses gheimentation

and monitoring. The pesentations are available for viewing on tkevw.climateontario.ca
website while the delegate package contains some of the content that was discussed.

Questions fronparticipants:

1. How do you know the data is accurate given the location of climate stations, how do you
take into account climate variability on a local level?

0 The data that was presented is merely long term trends in average annual
temperature and precipitationVariability occurs on many different temporal
scales. Because the data only comes from one point (one location), it may not
fairly represent the climate of the entire area.

2. Why did you choose Brockville?

o Brockville was chosen randomll. was noted by paricipants that in eastern
Ontaric . NP Ol @Attt SQa OfAYIGS RFEGF RSY2yadN
and precipitation (therefore may be unrepresentative of the region, and lead to
an overstating obbservedclimate impactdor the regior). This wasiot known
prior to the workshop but is useful to inform decisions about enhanced
monitoring in the area.

3. Annual predgpitation is increasing, whileprecipitation is increasing in winterand
decreasing in summer, therefore does fall or spring (both) causevkeall increasing
trend?

0 OCCIARN/have to review the data to answer this questioat we suspect that
is the case. One must also keep in mind that average annual trends in
temperature or precipitation does not accurately convey seasonal variability and
inter-annual variability.

Questions posetty OCCIAR, responses from participants

1. What are your experiences with weather and climate (extreme events)?

7 | Ontario Centre for Climate Impacts and Adaptation Resou
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(0]

In the Frontenac park area, over the past two summére respondentcould
not use a tractorto cut trees (loss of incomes it was too wet durig the spring
and summer months. The ground wa® saturatedandwill have to tile the area
(added cost).

Increase in local pests such tasks. Participantreported sighting 23 ticks in one
day (this is extremely high)

In eastern Ontario, participants statédat people in the local area are losing ash
trees, not sure why they are dying. Was suggested that they are suseetuibl
extreme temperature and wat availability changes.

Noticing an increase in mictaurst, small intenseeventsthat are difficult to
track becase they are not always detecteby weather monitoring stations
(such events are often too localized and at too fine a temporal and s;gatdd.
This makes monitoring and responding difficult.

2. How have you been affecteat challengedy weather event®r weather variabilit

(0]

Lakes:Participantstated that inland lake levels have been affected. To counter
the decrease in precipitation dung the summer months anthe increase in the
winter, a change in operation maintenance has occug®&dter levels are being
kept higherin the spring to retairmore waterfor the summermonths (water is

let out more gradually)This is mostly to accommoigapeople on the lakdike
cottagers, and was in response to a very dry 2001 season.

Golf: Stated that irrigation may start earlier as winters are not as long (longer
season)Some goltourseshave approached the Ministry of Environment to ask
for irrigation permits earlier in the year.

Tourism: Charleston Lake Provincial Park: An employee stated that some visitors
are leery to do any ice fishing, but was unsure if this is a trend or not
Participants have noticed a variability in the winter, snow/rayitles¢ length

and duration of the seasons overall

3. Have you experienced losses due to weather events?

(0]
(0]

4. Have

Barns have blown down due to extreme wind storms

It has been reported that in North Frontenamads havewashed outraising
concerns about the logisticd reaching people in need

Brockville: operations participant stated road pavement is not enduring as long,
perhaps from increased rainfall (local knowledge)

any of your professional associations shared information with you about

adaptation approakes?

8 |
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o One participant reported being at an Engineers Canada presentation regarding
PIEVC.

Othercomments:

1 Slide referring to habitat decline: perhaps would be better statedrasgesn habitat
instead ofdecline

1 Golf slde ¢ participants questioned whether thenodel used to demonstrate an
increase in golf days was taking into account precipitation and other environmental
variables?

 Maplesyrupslide¢LJF NI A OA LI yia F2dzyR ig#duld likédfurhé® S & @S|
data of species in their own area

1 One participant was not familiar with the Delphi meth@dsed in the Lake Simcoe
Adaptation planning process)

T On March & the Cataraqui RegiondBservationAuthority is hosthg a workshop with
Environment Canada in Gananoque. This session will provide more data from all 6
weatherstations in he watershedand will alsoprovide an opportunity to look ahead at
how to develop strategies to deal with climate change. CountrgB initiate
sustainabity planning exercisgin the spring of 201¢ these plansshould incorporate
climate change Frontenac has completeds Community Sustainability Pan and is
moving towardimplementingthat plan. This workshop will also look at how and when
to value ectogical services. Mara will send out invitations to everyone in attendance.

1 Comment made that it is important to look at both negative gmukitive resultsof
climate change (e.g. decreased heating costs in winter, snow removal costs)

9 | Ontario Centre for Climate Impacts and Adaptation Resou



Climate Change Impacts and Adaptation in the Cataraqui Region 2011

Risk Asessment Process

The workshop also includedan interactive RiskAssessmensession. During this facilitated

session, workshop participants were introducedthe process,and thentaken step by step

through the processThe session provided participants witht@l to methodically analyze

climate risks and demonstrated howclimate risk information could help make informed
decisions

It should be noted that Risk Assessment is a framework or guide for effective deuisking.
It does not guarantee that a correct solution will be chosen. It is up to the deaisaier to

adopt criteria to evaluate the control strategies chosen (CSA, 1997).

The process is a series of sigps.

Step 1: Getting Started

Step 2: Preliminary Analysis

Step 3: Risk Estimation

Step 4: Risk Evaluation

3
Step 5: Risk Controls and Adaptation Decisio

Step 6: Implementation and Monitoring
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Risk Discussion 1:

Step 1: Getting Started

This step capturethe administrative processlt identifies the stakeholders and the project
team, especially those with the relevant expertise, andgtisé responsibilities of each member
of the project team and the resources needed to complete the risk management framework.

This stepdentifiescurrent climatehazard é€xtremeg that could produce negative impacts; and
that will likely not diminish witkclimate change and may increase in magnitude or frequency.
e.g.heavy summer precipitation, rapid spring melt of snow, extreme and extended drought, etc

In this step, participants were asked to: identify the climatic hazard; and identify the
stakeholdersprganizations or groups that should be involved in the process

Results:

1 The climate hazard chosen wlasg-term change (20 year) in temperature and
precipitation (warm, wet) in the winter (although they did not want to rule out other
seasony, with the possibility of ice storms.

1 The scope was the watersheegion.

1 The timeline was 20 years

1 The group decided the Team should consist of representatives from:
V Conservation Authority
A Biologists 7 NI
V  MunicipalityCounty Dry C
A Planning Warm
A Operations M
A Etc )
Business Sector
Emergency Response
Community Leaders/Organizations \- / o
Sectoral Representation o
A Agriculture
A Forests
A Etc
Climatologist
Elected Officials
Provincial Departments
Stewardship Councils

Dry Cool| = Wet Cool

< K<< L

< < <KL
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1 It was noted that the team could consist of a core steering committee and otioers!
be brought in to provide advice or expertise.

Step 2: Preliminary Analysis

In this step, participants took the hazard amtentified the impactsit could cause through a
GNAE] a0Sy Il NA 2 ¢ dowIR)ang high€r8.g. PNB"Pordar yinpdctdzR S
Participants were asked toonstructrisk scenarie showing the outcomes that may occur from
the hazard identified in Step 6 aSR 2y (GKS O2YYdzyArAdeQa
vulnerabilitieg. Analysis will allow participants to identifisk control points, develop risk
management strategies and contingency plans.

Impacts:

Longterm change (20 year) in temperature and precipitation (warm, wet) in the winter (and othe
seasons), with the possibility of ice storms

1%' Order Impact 2" Order Impact 3 Order Impact 4" Order Impact

Road hazards Main highways affected
and/or closed

Winter flooding — :
Instability of ice cover of

creeks and lakes

Impact on gravel roads| Increase in potholes

Fish (spawning,
migration, breeding)

Wildlife (breeding,
calling, spawning)

Disruption of Habitat

Stress on trees

Inability to plant in the
spring

Unsuitable conditions
for planting

Ground and soil

saturated with water Mobilization of nutrients

Mobilization ofbacteria Impact on human

Runoff health
Reduction of drinking Impact on human
water Quality health
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Lack of protection Impact on wildflowers anc
against frost other seeds

Lack of protection from

Reduction of snow ) i
grazing animals

Reduced snow on trails | Impact on snowmobiling,
crosscountry skiing, etc

Earlier onset of insects| Potential for disease Impact human health

Reduction in maple
syrup production

Step 3¢ Risk Estimation

In this step, participants stimated the frequency (or probability) and severity (or
consequences) of the impact tife risk scenarios developed in the previous step.

Results:

It was noted that is important to update the risk information library through the entire process.
This willenable decisions to be communicated to others and be revisited, if necessary. For
example, since value discussions are a large part of this prodessmentng why certain
values are assigned to risks valuable €.g. some may feel that assigning a modt
environmental consequencéom a road washout is too highebause itdoes not endanger
human life, but others (e.g. a downstream outfitter) might feel that this is tog.low

Estimate of Frequency 5, with 1 being low and 5 being high)

Risk Scenaui Frequency
Stress on Trees 4
Winter flooding 5
Flooded Highways 2

Estimate of Severityl(c 5, with 1 being low and 5 being high)

Risk Scenario Severity
Economic/Social/Environmental
Stress on Trees 3
Winter flooding 3
Flooded Highways 4
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Step 4¢ Risk Evaluation

In this step, participants ranked the risks in order to determine which were least severe and
which were the most severe. Risk was calculated by multiplying the estimates of Frequency
and Severity determined in thsteps above.

Risk Scenario Risk value
(Frequency x Consequence)
Stress on Trees 12
Winter flooding 15
Flooded Highways 8

Tablel: Risk Evaluation Matrix

Extreme
. Flooded
Major .
- Highways
S Stress on Winter
® | Moderate .
3 Trees Flooding
Low
Very Low
Very Unlikely to Occasional Moderately Oceurs Often Virtually Certain
Happen Occurrence Frequent
Frequency/Probability
legii:rizlscl:(c;r:-t':gr Moderate risk:
P y Some controls
measures .
. required
required
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Step 5: Risk Controls and Adaptation Decisions

This stepis aimed at producingtrategies that willreduce the newly determined climate
related risks to eceptablelevels Usually, control strategies will consist of implementang
series ofrisk control options

Participants were asked to identifigasible risk controand adaptationoptions specifically
related towinter flooding and stress on treeg\lthough it is natural to subonsciously rule on
costbenefit or suitability for adaptive optiongarticipantswere encouraged to list all posstbl
risk-reducing activities and vet them through screens at a later time.

After the options were identified, participants were asked to evaluate the options on the basis
of expense (large expenses$$), whether it would benefit the watershed (B) or whettibe
benefit was uncertain (U).

Risk Control or Adaptation Measure Evaluation
Increase road height
Increase culversize U
Add wetlands to watershed B
Add dams $$$
Channelize creeks $$$
Winter Flooding | Stormwater ponds U

Move people off ofloodplain
Fill in low areas

Build dykes

Remove inappropriate dykes
Good planning B

It was also conveyed that in a real adaptation planning exercise, additional and more detailed
reviews of the adaptive measures would be conductBdurticipants were encouraged to
develop additional criteria that would gauge the extent to which these measures could be
implemented.

Step 6¢ Implementation and Monitoring

This purpose of this step:
1 To develop and implement the adaptation plan
1 To ensureahat the implementation plan will be monitored for effectiveness and costs of
the adaptation responses
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1 To decide to continue or terminate the risk management process.

Participants were not asked to complete this step it was conveyed that details of
responsibility, financing, timeliness and other factors would be included in the implementation
step.
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Risk Discussion 2:

Step 1: Getting Started

1 The climate hazard chosen in the second facilitated discussiomngaght (increase in
temperature and a decrease in precipitation) in the summer.
1 Theplanning horizon chosewas 20 years.

1 The group decided the Team should consist of representatives from:

V Conservation Authority
A Low water response team (consists of MupéiReps, Dam Operators,

Water Users, Sectors and Interest Groups)

Agriculture Sector

Climatologists

Researchers

Fire Department

Emergency Services

Public Health

< <K <K<K KLK KL

Step 2: Preliminary Analysis

Impacts:

Drought (increase in temperature and a decreaspriecipitation) in the summer

1% Order Impact 2" Order Impact 3 Order Impact 4™ Order Impact

Reduced crop
production

Reduced agricultural
output

Dry Wells

Dry soll Erosion

Reduced crop

Increase salinity of soll .
production
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Wild fires

Water bans

Degraded water quality Beach closures

Increase in blocked
intakes

Decrease in recreationg
Beach closures

_ use
Low water levels in lake :
and rivers Increase in water Loss of fish
temperature Algal blooms Beachclosures

Reduced power
production (at a time
when power demand is
high)

Stress on trees/forest

Change to wetland

. Decrease in amphibians
habitat P

Increase in water
demand (e.g. golf
courses)

Step 3¢ Risk Estimation
Estimate of Frequency @5, with 1 being low and 5 being high)

Risk Scenario Frequency

Low water levels in lakes and rivers 5

Degraded water quality

Algal blooms

2
5
Increase in blocked intakes 4
5

Increase in water demand
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Estimate of Severityl(c 5, with 1 being lovand 5 being high)

Risk Scenario Severity
Economic/Social/Environmental
Low water levels in lakes and rivers 2
Degraded water quality 3
Algal blooms 4
Increase in blocked intakes 4
Increase in water demand 4
Step 4¢ Risk Evaluation
Risk Scenario Risk value
(Frequency x Consequence)
Low water levels in lakes and rivers 10
Degraded water quality 6
Algal blooms 20
Increase in blocked intakes 16
Increase in water demand 20

Table2: Risk Evaluation Matrix

Extreme

Moderate

Severity

Very Low

Increase in
blocked intakes

Low water
levels

Very Unlikely to Occasional Moderately Oceurs Often Virtually Certain
Happen Occurrence Frequent y
Frequency/Probability
H'S:rizls(l:(;ﬂ:gr Moderate risk:
P y Some controls
measures )
. required
required

19 | Ontario Centre for Climate Impacts and Adaptation Resou



Climate Change Impacts and Adaptation in the Cataraqui Region 2011

Step 5: Risk Controls and Adaptation Decisions

Risk Control or Adaptation Measure Evaluation
Nutrient Management
Extend intake pipe $$$
Less shoreline development
Algal Blooms

Improve storm water management
Aeration
Shoreline management

Grow drought resistant plants (home owners, golf
courses, etc)

Water conservation education

Water restrictions (pricing)

Increase water | Enforcement of existing rules $$$
demand Develop alternative sources of water (to reduce
. $$3 longterm
pressure on municipal system)
Storm water collection techniques easy

Promote more efficient irrigation practices
Watershed planning

Extend the intakdarther out and deeper into the lake long term
Back up intake (twin)
Make sure can reverse pump to unclog intake

Increase in blocked
Intakes

Step 6¢ Implementation and Monitoring

This purpose of this step:
1 To develop and implement the adaptation plan
1 To ensure that themplementation plan will be monitored for effectiveness and costs of
the adaptation responses
1 To decide to continue or terminate the risk management process.

Participants were not asked to complete this step.
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Discussion and Conclusions

The delegatesvho attended this climate change adaptation workshop were above average in
terms of their knowledge of the health and direction of the ecosystems in the Cataraqui
watershed. The majority of delegates also had natural sciences backgrounds with fewer
municpal people in attendance, thus much of the discussion focused on the impacts of climate
change on natural systems.

Delegates were appreciative of the package of information that was offered prior to the
workshop. The climate trends data as well as the gutipns of future climate spawned good
discussions about continued impacts to the natural environm&here was a suggestion that
additional information on watershedpecific impacts would have helped focus the discussion
of adaptation options in areas &ky concern and not hypothetical impacts.

Theworkshop attendees participated willingly in the risk management exercise. They saw value
in the process and arriving at the prioritized risks and adaptive responses encouraged the
participants to apply the sk management approach to other risk scenarios within the
watershed.

The workshop also gave an opportunity for different agencies to come together to talk about
the expansive nature of an issue like climate change. Although each agency has its own specific
responsibilities, it was apparent that a collaborative approach to adaptation planning is
necessary, both for sharing of vulnerability and impacts information as well as the generation of
adaptive solutions.

OCCIAR is impressed by the initiative of thea@gui Region Conservation Authority to access
information and resources in their path to adaptation planning.
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Appendix 1- Delegate Package
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Adaptation in the Cataraqui Regiors being held by the Ontario Centre for Climate Impacts
and Adaptation Resources (OCCIAR) as part of its Community Adaptation Initiative Project.
OCCIAR is a universiigsed resource hub for researchers and stakeholders searching for
information on climé& change impacts and adaptation. T@Bentre communicates the latest
research on climate change impacts and adaptataewvelops tools and frameworks to assist
with municipal adaptation andiaises with partners acros9ntario andCanada to encour&g

and sipport adaptation to climate change

The mandate of the Ontario Centre for Climate Impacts and #atiap Resources (OCCIAR) is

1 Tocommunicate the science of climate change including its current and future impacts;

1 To encourage the development anidhplementation of adaptation strategies in order to
reduce climate vulnexbility and increase resiliencgnd

1 To create and foster partnerships with stakeholder growpishin Ontario and Canada in
order to advance adaptation action.

The Centreis alsoa hub for climate change impacts and adaptation activities, events and

resources.

Theobjed A @Sa 2F (2RI &8Qa ¢2NJ] akKz2L) I NB

1 To review the known ways in which climate has changed in Gla¢araqui regiorand
understand how that has impacted natural, built amgman systems;

9 To review selected projections of climate and resulting potential impgpeific to various
sectors

1 To quantify and prioritize the risks associated with the impacts of climate changee
Cataraqui Regigrand

9 To discuss potentiabdaptation options approaches and tool® reduce climaterelated
risks
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Climate ChangBackground

Climate is naturally variable and has changed significantly over the history of the Earth. Over
the past two million years, the Earth's climabas 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, sunspot cycles, volcanic eruptions, to fluctuations in
greenhouse gases and aeobsconcentrations. When considered together, they effectively
explain most of the climate variability over the past several thousand years. These natural
drivers alone, however, cannot account for the increase in temperature and accompanying
suite of climéic changes observed over the™26entury.

Climate change may manifest itself as a shift in mean conditions or as changes in the variance
and frequency of extremes of climatic variabl€dobal average surface and lowteoposphere
temperatures during e last three decades have been gressively warmer than all earlier
decades, and the 2000s (20@®) 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 thathe 2000s was the warmest decade out of the six that are abailfor its
national study, with an average tempeuae of 1.1°C above normal. In order, from warmest to
coolest, the remaining decades are: 1990s (+0.7°C); 1980s (+0.9%0§ #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 problesestans and
watersheds as well as all levels of governmeérttere is confidence in the abjiliof 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 desified. The first

is mitigation, which is aimed at slowing dovand lessening the potential future impactsf
climate change by emitting less greenhouse gases in the atmosphere or capturing it through
various sequestration methods. The second is adamtatwhich is aimed ateducing 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 champe. primary focus of this
workshop is oradaptation.
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Climate Change
(including variability)

!

Impacts and

Mitigation (reducing Autonomous Adaptation Planned Adaptation

greenhouse gas emissions
A A

v
A

\ 4

Responses and w
Investments

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

Impacts and Adaptation

There is consensus among internatiosalentists that climate change is occurring, that the

impacts are already being felt in regions all around the world and that they will only get worse.
GLYLI OGla RdzS (G2 |t 30SNBR FTNBIdzSyOAaASa IgvB Ayi(Sy
eventsab OSNE tA1Ste G2 OKIy3aSe¢ 6Lt/ /3 WHAnnTOLO®

Even after implementing measures to reduce greenhouse gas emissions, some degree of
climate change is inevitable and is already hawognomic, social and environmental impacts

on communities. Adaptation limits theegative impacts of climate change and takes advantage

of new opportunities. It is not an alternative to reducing greenhouse gas emissions in
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to address impacts redting from the warming which is already unavoidable due to past
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overall magnitude of climate change, which increases the likelihood of successful adaptation

and decreges associated costs. Adaptation is not a new concept as many approaches have
already allowed us to deal with our extremely variable climate. The nature and rate of future
climate change, however, poses some new challenges.

Ontario is relatively well adaged to present climatic conditions; however, it may not be ready

for the impacts resulting from changes in average and extreme climatic conditions. Recently,

Ontario has experienced climatic events such as such as drought, flooding, heat waves and
warmer winters. These have resulted in a wide range of impacts including water shortages,
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lower Great Lakes water levels, declines in agricultural production, power outages and
outbreaks of watetborne diseases.

Developing an effective strategy for adaptaticequires an understanding of our vulnerability
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climate change, the clinti@ 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, and hence
vulnerabilities, vary ignificantly 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, econonalbawoural 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 responses that include both mitigatiamdeadaptation.

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 1lndicators such as: economic resources;
availability of, and access to, technology, information and skills; and the degree of
preparedness of its infrastructure and institutiofSmit, et al., 2001pre all necessary in
developing and acting on a climate change adaptation strategy (Figure 2).

It is imperative that decisiemakers understand current vulnerabilities and the extent of future
change to make welhformed adaptation planning decision®Vithout this, insufficient actions
or actions that inadvertently increase vulnerabilities could be made.
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Table3: General differences in adaptive capacity, which affect vulnerability to climate change, between
urban and ural communities (Atlantic Canada, Quebec, Ontario and Prairies) (Lemmen et al., 2008).

URBAN CENTRES RURAL COMMUNITIES \
Strengths Strengths
Greater access to financial resources Strong social capital
Diversified economies Strong social networks

Greater access to services (e.g. health care, sog

: : Strong attachments to community
services, education)

Higher education levels Strong traditional and local knowledge

Welldeveloped emergency response capacity | High rates of volunteerism

Highly developd institutions

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

High dependence on critical, but aging 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

Figure2: 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 @ather andclimate data for Brockville
Ontario. These graphs provide insight into how much certain climate variables, in this case
temperature and precipitation, have changed over the life of the weather station. In
conducting a regional analysis of climate chanagditional stations from multiple sources
would provide a more substantive evaluation. Ttetacbelowwere obtained from Environment
Canada.

Daily Weather

Daily climate data fromthe Brockville PCCweather station obtained from Environment
Canada, wasaveraged to obtain monthly values for temperature asdmmed to obtain
monthly values foprecipitation (Environment Canada, 20). Seasonal climate values (winter
¢DJF and summetJJA) were calculated by averaging the monthly data. In the following
section, temperature and precipitationath, for the yeard 966 to 2010 are displayed annually
and seasonally (summer and winter) with line charts (Fig@ds 5) and includes: mean,
maximum and minimum temperature and annual precipitati@ata was missing from 1970,
1978, 1979, and 1980Average annual mean and minimum temperature could not be
calculated for these yearsAverage annual maximum temperature could not be calculated for
1970 and 1978.Total annual precipitation could not bealculated for 1970Average winter
and summer minimum and mean temperature could not be calculated for 1979, and 1980.

Mean temperature is defined as the average of temperature readings taken over a specified
amount of time; for example, daily meanngperatures are calculated from the sum of the
maximum and minimum temperatures for the day, divided b{ERvironment Canada, 2008)
Maximum temperature is the highest or hottest temperature observed for a specific time
interval and minimum temperature ithe lowest or coldest temperature for a specific time
interval (Environment Canada, 2008Precipitation includes any and all forms of water, liquid

or solid that falls from clouds and reaches the ground and is expressed in terms of vertical
depth of wate which reaches the ground during a stated per{&hvironment Canada, 2008)
Total precipitation (mm) is the sum of all rainfall and the water equivalent of the total snowfall
observed during the dayEnvironment Canada, 2008)According to EnvironmenCanada
(2008), most ordinary stations compuieater equivalent of snowfall by dividing the measured
amount by ten; however, at principal stations it is usually determined by melting the snow that
falls into Nipher gauges. This method normally providesn@e accurate estimate of
precipitation than using the "temo-one" rule(Environment Canada, 2008)

28 | Ontario Centre for Climate Impacts and Adaptation Resou



Climate Change Impacts and Adaptation in the Cataraqui Region 2011

HistoricalClimateData forBrockville

AnnualTemperature and Precipitation
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Figure3: Average annual mean, maximum and minimum temperature (°C) and total annual precipitation
(mm) from 1966 to 2010. Data from Brockville PCC (Environment Canada, 2010) shows that average
annual mean temperature hascreased 1.7 °Caverage annual maximum tgrerature hasincreased

1.8°CG average annual minimum temperature hascreased 1.6°Cand total annual precipitation
increased 120 mnat this location over the 44 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 1966 to 2010. Data from Brockville PCC (Environment Canada, 2010) shows that average
winter mean temperature hasncreased3 °C average winter maximum temperature hascreased

2.6°G average winter minimum temperature hascreased 3.5°Cand total winter precipitation
decreased 25 mnat this location over the 44 years of record.
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Summer- Temperature and Precipitation
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Figure 5. Average summer mean, maximum and minimum temperature (°C) and total summer
precipitation (mm) from 1966 to 2010. Data from Brockville PCC (Environment Cana@psi20d/s that
average summer mean temperature hasreased 1.1 °Gaverage summer maximum temperature has
increased 1.3°Caverage summer minimum temperature hascreased 1°Cand total summer

Total Summer PrecipitatiorBrockville
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precipitationincreased 52 mnat this location over the 44 yes of record.
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Climate Change Projections for Eastern Ontario

The following mapgFigures 6¢ 11) appear compliments of the Canadian Climate Change
Scenarios Network at Environment Cangdaw.cccsn.cah Thetemperature and precipitation
maps areensemble projections of global climate models (240sing amedium emissios
scenario(mean of the combination of low (B1) and high (A1B) projectidif® maps show the
mean change from 1961990 to 204Q2070 or 2058.

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

Latitude

Longitude

Figure6: Projected Change in Annual Air Temperat(@CE€CSN, 201@nsemble projection shava
change ifTmeanannualair temperature from 19641990 to 2042070 or 2050s; medium emissions
scenario. Approximate locatidor Brockville is shown by the red dot. Projection shows &2.7

increase
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Latitude
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Figure7: Projected change in winter air temperatuf€CCSN, 2010y he ensemble projection shosv
the change in mean winter air temperature from 19@B90 to 204£2070 or 2050s; medium emissions
scenario. Projection shows a 3increase
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Figure8: Projected Change in Summer Air Tempera{f@€CSN, 2010)he ensemblerojection shows
the change in mean sumen air temperature from 19641990 to 204£2070 or 2050s; medium missions
scenario. Projection shows2a6°C increase
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Figure9: Projected Change in Annual Precipitati@CCSN, 2010)jhe ensemble projection shows the
change irannual precipitatiorfrom 19611990 to 204%2070 or 2050s; medium emissions scenario.

Projection shows &.96% increase
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FigurelO: Projected Change in Winterecipitation(CCCSN, 2010). The ensemble projection shows the
change irwinter precipitation from 196&£1990 to 204£2070 or 2050s; medium emissions scenario.

Projection showsm11.68% increase.
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Common Grid - Composite of Models
Mean change from (1961-1990) to (2041-2070 or '2050s')
Summer - Medium - Change 1in Precipitation (%)

#*

CCCSN - RCSCC

i

Latitude

&l

44N B

40N

Figurell: Projected Change in Summer Precipitation. The ensemble projection shows the change in
summerprecipitation from 196¢1990 to 2042070 or 2050s; medium emissions scenario. Projection

shows &2.7% increase.
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Climate change will impact both municipafrastructure and the tourism sector. Projected
future pavement damage and premium golf days are presented in the graphs Heilguvg 12;
Fenech, 2010). Using a frost index and projections for A2, A1B and B1, projections suggest that
pavement damage Widecrease 18% over the next 40 years and 49% by 2100. Looking at
observed data, premium golf days have increased 1 day per year over the past 40 years and
projections suggest an increase in 22 days per year by 2100.

Figurel2: Projected Future Pavement Damage and Premium Golf Days (Fenech, 2010).
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