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Executive Summary

Climate affects people and the places where they live. Seasons, temperatures, precipitation
types and amounts, and extreme weather tiondiall contributeo the identity of a region

or aty. A key factor in many aspects of community plannsgdaping to thelocal climate

and designing and maintaining the infrastructure needed to serve those that live there. If the
climate of an ares expected to change, a community will need to proactively consider the
impact on land use decisions and how infrastructure systems are managed.

The Intergovernmental Panel on Climate Change projects that Canada will continue to
experience warming tresdand changes in precipitation over the next hundred years, even if
societies drastically reduce their carbon emissions. This means that communities must plan to
adapt to the impacts of a changing climate, as well as mitigate their contribution to climate
change. Proactive adaptation means planning to account for both the positive and negative
effects of climate change, rather than simply reacting to the changes as they occur. Whenever
possible, climate change adaptation should occur in such a way thebmplementary with
mitigation actions.

In the 2008 Prince Geordguality of Life Survey, 54% of survey respondents indicated that
they were extremely or definitely concerned about the issue of climate change. Over 80% of
respondents indicated that theayd their family were likely to be affected by climate change,
and 88% of people thought that Prince George, as a City, would be affected. This shows that
Prince George citizens are aware of climate changa@ndoncerned about itepacts on

the commurty.

North-central British Columbia is highly susceptible to climate change. Analysis of climate

information in Prince George shoans average warming trend of £.@ over the past 100

years Minimum temperatures have increased at a faster rate d€2xhile maximum

temperatures only increased at 9Clover the 100 year perio@lhis means that Prince

Georgehas become 61l ess col dbé, and adrhirerdthermor e pr ec |
than snow. The rise in minimum winter temperatures has hagaimpact on the region

with the recent mountain pine beetle epidemic. Sectors in BC that are already being impacted

by climate change include forestry, water resources, tourism and health.

Annual temperatures in the Prince George region are projeciecrease by 1.4° C to

2.1° C over the next 50 years, and precipitation is projected to increase by 3% to 9% over
this time period. A greater increase in temperature and precipitation is predicted to occur in
winter months, anédvenmore precipitatiowill fall as rain These projectedhangsin
precipitation and temperature imply compbiejustnentsto streanflow in the area. Changes

in temperature of this magnitude will likely have a serious impact as they are above the
historical range in variabiy for this region and hence will create conditions fance

George hasotexperienced before in its histofMore instances of floods and extreme
weather are predicted.

The purpose of this document is to outlithe climate changadaptatiorpriorities fa the

City of Prince George. The City has partnered with the University of Northern British
Columbia (UNBC) to determine the priorities for adaptation in Prince George, and to begin
to recommend actions and next steps towards implementation. Mantfeschave occurred
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in the City in collaboration with other organizations such as the Pacific Climate Impacts
Consortium (PCIC), the Fraser Basin Council and Smart Growth on the Ground (SGOG).
This report summarizes and draws upon results from the fiogpglocuments and events:
e the AClI i mate Change in Prince George: Summar
Pr oj ecepdrtons o
e the APl anning for Climate Changeo talhor kshop
Columbia annual conference;
e the AAdaptienghtacmgl iimatPri nce G&®mincegeod wor ksh
George staff in 2008;
o feedbackrom the SGOG downtown revitalizatigmocess in 2008 and 2009; and
e the 2008 Prince George Quality of L{{#@OL) survey.

The climate i nf or mat iClmange in Prmga Géolge Summaryoof t A Cl i me
Past Trends and Future Projectionsegercsas used t
at theSGOGevent This allowed participants to consider past climate information and future

projections as they discussed adtipta The outcomes of the aforementioned exercises were

analyzed along with the QOL surveeycome up with dist of adaptation prioritiefor the

City. Each of the events indicated the same general priorities for adapidtehstof

impacts that Cityepresentativeand local stakeholdefsel pose the biggest threat to Prince
Georgeappears below indble 1.

Table 1: Priority i mpacts that will affect Prince George
Level of Priority Impact

o Forests
Top Priorities :
Flooding
Transportation infrastructure
High Priorities Severe weather / emergency response
Water supply

Slope stability

Medium Priorities | Stormwater

Buildings and utilities
Health
Other Priorities Agriculture

New residents and businesses

The order in which the impacts sld be addressed by Prince George is not the same as the

order shown in the priority impacts table. This is because for some impacts (such as flooding
andforestg Prince George has already started to identify and implement adatdions.

For other inpacts (such as stormvea} the City has only begun to consider climate change
adaptation in its planning and operations. | my
ranked lower because theend to benorepositiveand socially oriented, and tiisk

analysis framework used in this research fesos negative physical impacts. These

priorities should be further considered, especially because thquetardial positive



Adapting to Climate Change in Prince George Picketts et al

implications associated with some of these changes that can be exploitedtothé G b enef i t
(such as longer growing seasons for agriculture)

An overview of what is currently taking place in the City concerning priority impacts is as
follows:

U Forests: the City has initiateavildfire hazard mitigation work on both municipal
lands ad within its Community Forest Agreemeatd has a wildfire management
strategy in place that accounts for changing ecosystems.

U Flooding: the City has retained a team of consultants dnee finalizeca flood risk
evaluation, in consideration of flood pestion measures, that takes climate change
into account.

U Transportation infrastructure : Prince George is implicitly adapting to
transportation impacts, but has not explicitly stated climate change in its plans.

U Severe weather / emergency respons€ity and provincial emergency response
plans are in place, but the plans do not currently consider climate change.

U Water supply: The City has initiated a water smart program to protect water quality
and quantity that can be built upon in a climgttenge adapti@n strategy

U Slope stability: Although there are strict regulations regarding development on
slopes, climate change has getbeen a consideration when investigating slope
stability and erosion.

U Storm water: Hydrological analyses for storm sewer irstraictureand overland
flow and storm detention pondsenow requestedtconsider larger storm events.

U Buildings and Utilities: There are currently no codes and practices to account for the
impacts of climate change on buildings and utilities.

Strategies to addresshese priorities should be incorporated into the upconmitegrated
Community Sustainability Plan (now called Smart RanCommunitie¥ andthe Official
Community Plan (OCP) review procdss the City Some of the impacts cédre addresseit

the Annual Provisional Financial Plan and/or the Asset Management and Performance
Measures documer@ommittees ogroups should be established to assess the impact
priorities in more detaiidentify adaptation strategi@nd communicate with the pu@liin

many cases thesasks can be incorporated into the mandates of groups that will be created
as part of theCSP(Smart Planand OCFprocessesor groups thataire already in place.

The impacts identified are interrelated, and there is significartap in many of the
solutions(e.g. many strategies will address more than one imp&s8uch, adaptation

strategies should be created in an integrated fashion with maximum communication between
the groups. To incorporate climate chaagaptation int@ommunity plangffective
communication of climate information, and a detailed understanding of the impacts in Prince
George is required. Local topical experts, academics, community members, and
representatives from other levels of governnstauld partipate in creating adaptation
strategies.

This documentanbe utilized as a basis to establish and then implement effective long term
strategies to adapt to climate change. Further research and collaboration needs to occur
regarding all of the priaties identified. Prince Georgs well positioned to become a

national leader irommunityclimate change adaptation. The Gign implemat effective
adaptation actionsnsuring thaits residentsnaintain a high quality of life in a changing

world. In orderto support this continued work the City should seek funding opportunities,
grants, and (new and continued) partnerships.
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1. Introduction to Report

This report is the culmination of nearly two years of wiykheUniversity of Northern
British Columbia (UNBC)n partnershigwith the City of Prince Georgé&xtensive
assistance has been providedimny outside individuals and groups.particular, he
Pacific Climate Impacts Consortium (PCIC) and fnaser Basin Coundiave both
provided a large amount etipport to this project.

This is not intended to be thi@al step in this research, butle areport that educates
readers on climate change and identifies prioritiesdiaptatiorin Prince George.

Further actiomeed to be takemegarding all of the priorities identifiedo that the @y

can implement effective adaptatioreasure$o male ita better place to live in a

changing world. Public engagement activities nluesa part of the process that the

citizens of Prince George have a chance to comment on, contribute to, and evaluate this
process. Tase initiativeshould be implementelongside extensive climate change
mitigation action.

The adaptation strateggeas identified in this document are not intended to be viewed as
a list of appropriate solutions or expert opinion. Theyesmpls of actions that have

been successfut other regionsnd are included tdemonstrat@ossble solutionsand
creative ideasAn independent process of validation should precede the implementation
of the strategies mentioned hereinpbothers.

Some of the materiaglontainedn this report issdapted fronother documents and
articles prepared by the author as part ofygoatiuate studies at UNBC. These other
documents are as follows

Picketts, I. Curry, J. an@Rapaport, E. 2009. Raising Awareness of Climate Change Adaptation
i n Pl aPtamGamadad9(1): 444.

Picketts, I.M., Werner, A.T. and Murdock,T2Q09. Climate dange in Prince Georgasummary
of past trends and future projections. Pacific Climate Impacts Consortium, Univefsifictoria,
Victoria BC

Picketts, I. 208. Adaptingto climate change workshop. Planning We&0(3) 1213.

The material in thislocumentis intended tde ncorporated into the upcoming Official
Community Plan (OCP) review and PhasefltheIntegrated Community Sustainability
Plan (ICSP); which is noknown as th&mart Plarfor Communities (Smart Plarifhe
ICSPforPric e George has been named &6myPGOo.

11



Adapting to Climate Change in Prince George Picketts et al

2. Climate Change Awareness

According to thdntergovernmentdPanel onClimate Change (IPCCJ§20079), the
average air t e mfaeiraaechsedb$.740( ovee thertwehtiétls cerguayr
This temperature rise has had a strong influence on the global hydrological cycle,
resulting in significant increases in precipitation in some areas of the world, and extreme
droughts in others. Increasing esttte shows that most of this temperature rise can be
attributed to greenhouse gas emissions generated by human activities, and not to natural
climatic oscillations. The activities that are primarily responsible for the increased levels
of greenhouse gasase fossil fuel production and use, livestock rearingdeidrestation
(Davidson et al2003), all of which are very relevant to the econahiprince George

and British Columbia.

There are many sobering statistics from a huge variety of sourcesawateprery strong
support for the notion that the climate is changing at an unprecedented and unnatural rate,
and that this is affecting more than simply the surface temperature of theegartiples
of these statistics include:
¢ ¢elevenof the twelve warmst years on earthetween 1850 and 2006 (since
detailed records have been kept) occurred between 1995 and 2006 (IP@C 2007
e theloss of volume, and sometimes complete disappearahgkciers from
around the world over the twentieth agmyt (Dyurgerov ad Meier, 2000);
e asubstantial increase of great floods during tHB @htury (Milly et al.2002)
e an estimated nindold globalincrease ireconomidosses from natural disasters
between the 1960s and the 1990s (Kowas Kunreuthe2001); and
¢ worldwide observeadhanges in biological functiorssich as earlier timing of
spring eventsike plant leaf unfolding, bird eglaying and animal migrations
(IPCC 2003).

2.1. Global Implications of Climate Change

Although climate change is a global issue, its impa&tsrast readily observable at the
local and regional scale (SmighSmith 2009). Many of the experiences that the City of
Prince George has undergone with regards to climate change are similar to those that
communities around the world are experiencingpdctssuch as flooding and forest fires
are affecting regions and countries across the globe, accumulating in seodusng

term problems (McLamb 2009).

This section outlines some major climate change impacts at the global level. These
impacts arelosely nterrelategdmultifaceted and complicated by manfactors.This

discussion is relevant to tiagty's adaptation stratedgyecause iprovides examples of
problems that Prince George may directly encounter, or be affected by as other regions of
theworld encounter thenit is intended that this section provide a global perspective and
context within which the City's climate change actions can be framed.

12
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Food Systems & Security

In 2008, the Food and Agricultural Organization (FAO) formally recognized
implications of climate change on food and agriculture production and supply. As a
fundamental pillar in human survival, the threat of negative impacts on food security is
applicable to everyone. Climate is described by the FAO (28€3) integral fator in

food performance that affects tiy@ality, typesand valueof foodthat isgrown Extreme
weather eventsncluding drought and floodsandamage or destroy crops or
infrastructure, and affect the transport and distribution of the food supp&ns{BAO

2008; United Nations 2008). Ironically, other emerging demands such as the market for
biofuels (as a lowcarbon fuel sourcegre also competing against tthemands of food
security Crops(such as sugar, maize and palm oil) are affected by thipetomy

demand, amidst rising oil prices that further compoprdblems (United Nations 2008;
Laurence 2006)).

Health

Anotherimportant factoin human survival affected by climate change is health. Global
climate change can affect human health througimgeraf mediums at miyple levels.
Climate change alterggional weather through extremes in temperature amipistion
(Patzet al.2005).A report completed by the World Health Organization (WHO) explains
that local factorgsuch as contamination patays and transmission dynamiegfected

by climate change can result in impacts such agdiutionrelated healtiproblems, and
various types ofliseases (McMichaadt al.2003;Martens 1998). Indirect climate change
impacts on health include incredseases of skin cancers and wdierne diseases.
Directimpacts include storm related injuriesdeathsAnother close relationship to
health is water scarcity, whigimpairs human health and development (McMichekl.
2003).

Economy

According to tle International Monetary Fund (200#)e economic impactef climate
changecan be divided into two major categories:
1. Market Category: includes effects onlimatesensitive sectors such as
agriculture, forestry, fisheries and tourism. It also includesadgnto coastal
areas from sekevel rise changes in energy expendies (for heating or cooling)
and changes in water resources.
2. Nonmarket Category: includes effects on health (such as the spread of infectious
diseases and increasedter shortages analtution), leisure activities€.g.
sports, rea@ation, and outdoor activitie®gsystems (e.g. the loss of
biodiversity)and human settlements.

An additionalsociceconomiampact includes increasing conflicts over how fossil fuels

should be managed|atted and reduced (Newell & Paterson 1998). Also there is the
Adoublingd up of climate change and economic
regions of the globe. Research shows that poor reasidearban and rural arease more

vulnerable to Kifts in markets and capitalhese poorer residents also tend to live in

geographical locations such as hillsides, floodplains, or dry arid arease¢kasceptible

to geophysical climate change impagthich make them even more vulnerable (O'brien

& L eichenko 2000).
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Ecosystems

Climate change is influencing all aspects of ecosystems. This includes everything from
birth, death, and growth rates of populatic@@mmunity structurg and the cycling of
nutrients. Climate change is directly altering wateailability which affects the

distribution and abundance of plant and animal species (Smith & Smith 2@0®us
changedo ecosystems hawareadybeen noted such asifts in biodiversity richness
toward the nortlandthe salinization oflands next toestuarieslue to sea level rig&mith

& Smith 2009 Currie 200). While it is difficult to plan for the uncertainties of climate
change and its impacts on humans, it is as hard if not harder to consider the uncertainties
related tats impacts on the natal environmen{Smith & Smith 209). This is of
paramount importancas humans are completely reliant on the resources the natural
environment provides.

2.2. Community Adaptation to Climate Change:

Climate is a key factor in almost all components assocvatbcdcommunityplanning and
operations, andffects most land use decisio@anada willcontinue to experience
warming trends and changes in precipitatover the next hundred years regardless of
eventhe most sevemitigative actiongIPCC 200D). Someof the sectors already
affected by climate change British Columbia (BCommunities include water
resources, forestry, agriculture, transportation, tourism and health (Walker &
Sydneysmith 2008). Planning issues that are affected by climate dragthat must be
accounted for itommunity decisions, as outlinedKing County(2007), Parks (2007),
BC Government (20@9, the BC Ministry of Water Land and Air Protectio(R004)and
the Federation of BC Naturalists (2006¢lude

U energy costs U transportation costs

U naturalarea preservation U permafrost degradation

U sealevelrise U food supply

U severe weiher events U agriculture

U air quality U huning

U inland flooding U tourism

U river flows U human migration

U stormwater management U building infrastructure

U erosion 0 transportation infrastructure
U river ice and icegms U emergency response

U aquifers U wastewater management

U surface waters U forest species conservation
U forest fires U human health

U wildlife U energy transmission

U water shortages

ThelPCC(200b) def i nes [leddustnentin natural @ Bumsygtems in
response to actual or expected climatic stimuli or their effettich moderates harm or
expl oits benefThis meahshabadgptationisuplannir(gittees . 6
reactively or proactivelydo accounfor the positive and negative effects of climate
change. Mitigation is defined by the IPCC (260& s an anthropogenic intervention to
reduce the anthropogenic forciofjthe climate system; it includes strategies to reduce
greenhousgas sources and essions and enhancing greenhousesijass This means
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that mitigation consists of actions that reduce the amount of greenhouse gases into the
at mosphere, or increase the earthoés abilitie

Climate change adaptation is by no means, m&xlimate is inherently variable and
societies have been adapting to changes throughaftrathdern history (Adger et al.
2006. While climate change adaptation has a long social histongmunitieswill
encounteclimatic conditions and climate chge rates that have yet to be experienced in
modern human history (Bsel 2007). Howevetherehave been huge advandes
humanso abi | idderresscietyhown hasahe knowledge dekdrmine the
causes of climate change and to predict the erferhanges. This gives communities the
opportunity to plan for and implement matectiveand proactivedaptatiorstrategies
(Hay and Mimura 2006).

Historically, more attention has been focusaumitigationthan adaptation in the clirtea
change wod. One major reason the fact that mitigation reduces all of the long term
impacts of climate changehereas there are some impacts that are difficult or impossible
to adapt to (such as rising sea levels on small island nations). Mitigation reduces the r
causes of climate change problems, but adaptation depends on the accuracy of models
and impact projections. Alsmeasuring and reducing greenhouse gas emissions is much
more straightforward than adapting to uncertain changes in the environment (Fussel
2007).

Over the last numbef years the attention has shiftedhe climate change world
towards daptationas well as mitigationAdaptation ismow accepted as amavoidable
reality that communiés must seriously consider and plan fidris is becase
anthropogenic greenhouse emissions, already in the atmosateecesrently tiecting

the climate and will continue to do so for the foreseeable future,iietmme is a
successful global mitigation effafitiergel and 2vers, 2007) Climate change W
imposelarge impact on communities and natural systems for generations (IPCGR007

Adaptation can be an effective response to climate change at a regiongbcosde.
supportingreasongor this,as summarized by Jacques (@00nclude:
e smaller,local organizations can move quickly to influence local adaptation to
specific problems whereas large organizations, which are needed for large scale
mitigation, move very slowly:
e adaptation can be created &pecific needs of an area. These needs may be
obscured whetooking at a larger picturend
e small scale adaptation may occur Oo6from t h
paricipation of local stakeholders.

Table2-1 provides a summary of the definitions of climate change mitigation and
adaptation, ashsome of their key similarities and differences:
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Table 2-1 Definitions, differencesand similarities between mitigationand adaptation. Adapted from
Swart and Raes2007.

Mitigation

Adaptation

Anthropogenic intervention to reduce th¢

Adjustment in natural or human systems ir

Defirition . response to actual or expected stimuiitheir
sources or enhance the sinks of . :
effects, which moderat&éarm or exploits
greenhouse gases - "
beneficial opportunities
Issue Dominant focus | Examples of exceptiong Dominant focus Examples of exceptions|
Cause / | Primarily addresse! Smart growth with low Primarily addresses | Drought resistant bio
energy needsand low
effect causes - consequences fuels can addresboth
vulnerability
Main objective Cobenefits for local air : L Forestry adaptationmay
. s . Main objective
Spatial scale avoiding global pollution, energy - have global
L avoidinglocal damage
changes security, jobs consequences
Mainly energy, Mitigation optionsin Mainly urban planning, Renewable energy
@ Sectors transport, building water and land water, agricultureand sources can be
= and industry management health vulnerable
() .
£ Longterm benefit | Cobenefits for local air shortterm bgneﬁt .
5 . . . from reducing Preparing for long term
Time scale from avoided pollution, enegy . .
. L vulnerability to current impacts
climate change security, jobs .
climate
Benefic Mainly benefits Cobeneﬁts for local air Mamly.beneﬂts thpse Smart growth,
- - pollution, energy who implement it .
iaries others (altruistic) L - agriculture, water use
security, jobs (egoistic)
Anticipatory actions
. Usually incentives| No-regrets policy (e.g.| Often incentives not without immediate
Incentives g .
needed energy efficiency) needed benefits may need
incentives
_§ Goal Aiming at reduction of climate change risks
_‘_E‘ Benefits Having ancillary benefits that may be as important as climeatated benefits
S
0 Drivers Driven by availability/penetration of new technology & societal ability to change

There are also many barger t hat i

nhi

bit

c o mmu snmallande s 6

abi

regional scale adaptation measures. A common barrier is financial restraint due to smaller
taxation opportunities at a local and regional le@her barriers include reduced access
to technologcal and managerial capacity, and traegional obstacles to cooperation

(Jacques 238). In Canada, very few communities have begun to consider climate change

adaptation. This is also an inhibiting factor, as difficult to find neaby examples or
mocels to work from.

The distinction and separation between adaptation and mitigation can be difficult. Both
strategies have the same desired outcome, which is reducing the consequences of climate
change $wart & Raes 2007 Mitigation can be considered te the most effective and
reliable method oliong termclimate change adaptationi@sel 2007). However it has
become clear that climate changenisre than simply an environmental problem. It
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cannot be addressed by osBtting environmental targets anchétables, as was done
with the ozone depletions problem in the early 1990s (Munasinghe and Swart 2004).

Adaptation and mitigation meassmo not have to be mutually exclusive. For example,

Smart Growth Principlesuchas mixed land use and limiting ddgpment on natural

andsensitive areagre perfectly consistent with climate change adaptation strategies

(Ruth 2006. (For more informatiombout Smart Growtpleaserefer to ®ction5.4or

AppendixE.) Recent interest in thi®pic haded to theaddiion of a new chapter in the

IPCCImpacts, Adaptation and Vulnerability working grongporte nt i t l-ed 61 nt er
Rel ationships Bet we e n, whict aupiteawaysohat thayrcah beMi t i g a't
complementary (IPCC 200y.

It is imperative that climatehange adaptation measures @asistent and

complimentary withmitigation efforts Adaptation should not occur and the expense of
mitigation, nor should mitigation occur at the expense of adapt@iamen and Waddell
2008) To reduce the risks of climathange societies must pursue a portfolio of both
adaptation and mitigation actions. It is important to consider thenglsionships
between the two, and be aware of trade offssymérgies between adaptation and
mitigation (IPCC 2007d)Due to costraints in the scope of this project, the coalescence
of mitigation and adaptation measures will not be discussed in.detail

Climate Change Modeling:

Consulting with the people who are affected by decisions is a cornerstone of government
decisionmaking. Toproperly consult with people on decisions related to climate change,
stakeholders must have the proper information available to them to understand climate
projections, and theassociatedisks and uncertaintiedéw Zealand Ministry of the
Environment2008). Ensuring that stakeholders have proper information is the
responsibility of local and regional governments. This includes enghanigformation

is communicatednd understoodt a local leve(New Zealand Ministry of the
Environment2008).

In order to effectively plan for climate change it is essential to produce detailed global
climate change scenarios (Mit¢thet al.1999). These scenarios are undertaken in order
to inform decisiormaking when planners are faced with an uncertain future (IPCC
20079). Coupled oceaatmospherelgbal climate modek (GCMs)are widely accepted

as the most reliable mechanism to model future climates (Nlitehal.1999; IPCC
2001).Theyare representations of the climate based on its physical, chemical and
biological properties, their interactions, and their feedback proceRedsrthuiset al.
2009. These models havenproved over the last decadend it is now possible to create
high spatialresolution scenarios based upon the projections from. therthermore,
probabilistic characterization of future so@oonomic and clinta impacts is becoming
available to more accurately model emissions scenarios (IPC@&2007

Global Climate Modek computeveather patternsom around the worldeveal times

per day projeied overfuture time frames. Ths® models are prodsctrom geespatial
grids that overlay the globe and contain the data points for precipitation, temperature, and

17



Adapting to Climate Change in Prince George Picketts et al

other climate relative processRegional Climate Models (RCMsg)yeable to accurately
represent factorke mountains, cloud radiaticand landatmosphere intactions

(Kunkel and Liang 2005 Large advances have recertlgenmade in GCMand RCM
technologies, and higheesolution scenarios have become available that allow impact
studies tdoe performed at a community scale (IPCC 2007

The need for good models to help to infaadaptatiordecisions is what has led to the
partnership with PCIC othis projectA summary 6the modeling results from the
Climate Change in Prince Geord®as Trends and Future Projecti@eport is included
asSection 3of this report.The following information about PCIC simmarizedrom
their website, which can be foundhdatp://www.pacificclimate.org(PCIC 2009:

The Padic Climate Impacts Consortiums dedicated to stimulating collaboration to
produce practical climate information for education, policy, and deemiking in the
Pacific Northwest. The Consortium informs adaptation in both operaactigities and
long term planning in order to reduce vulnerability to climate variability, climate change,
and extreme weather events. PCIC bridges the gap between:

¢ scientific research and applications
researchers and usgrs
geophysical sciences: metetmgy, hydrology, geography
physical sciences, economics, social relevaaod
climate centers in Pacific North America

ThePac f i ¢ Cli mate | mgoasts Consortiumods

Aféeto stimulate collaboration among
industry to redue vulnerability to extreme weather events, climate
variability and the threat of global change. The consortium for

climate impacts will bridge the gap between climate research and

climate applications and will make practical information available to
goverrment , industry, and the publico.

Adaptive Capacity:
Adaptive capacity cabe described asi¢ ability of a community to develop and
implement a comprehensigérategy towards climate chan@C Government 20GH.
This may also be referred to &sitiency The greater the adaptive capacity of a
community, the larger the set of adaptation options that is available to it for
implementationYoheand Tol2002). A municipalitgs adaptive capacity is a function of
many variables, as outlined in Crabbe and R¢PQ®6), including:

¢ the range of technological options available;
the resources available;
the structure of critical institutions;
the human resources and leadership available;
the access to risk spreading mechanisms;
the ability of decision makers to maygaand evaluate information;
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o the credibility of the decision makers; and
e the publicbs perception of the risks that

BC has considerable adaptive capactspared tanost oftheworld (due to its

strengths regarding most of thetars listed abovg)NValker and Sydneysmith 2008)

Prince George is taking a leadership role in climate change planning, and has extensive
technological, human and monetary resources availbtain the City are many

individuals and groups that have calesably expertise on adaptation, and who are
committed to implementing adaptation actiofise citizens of this region have also been
exposed to the effects of climate change with the recent flooding problems and pine
beetle epidemic. Although these exeeaannot be attributed directly aothropogenic

climate changestudies have shown that there are clear linkages between changes in the
climate and flooding and pest outbreak evéhtitly et al.2002; IPCC 2003). The

negative consequences of these reeeants are the likely causes for the high degree of
concern about climate change among Prince Geesydents (seeeStion 5.1).

It is importantto note thagroups at an economic and social disadvantage are particularly
vulnerable to climate change pacts(IPCC 2003). This is relevant for many First

Nations communities within and near to the C
underserviced residentBhis is also relevant to many other communities and groups in

Northern BC. Therefore it is ingptant that Prince George play a leadership role in

addressing this issu€his adaptation work can serve asmadelthat other communities

canwork from as they create their own adaptation strategies

Community Adaptation Framework

There is a growing bodgf researclaimed at helping communities to develop strategies
to adapt to lbmate change. Some of thsclosely relatedat strategic planning, which
typically implements the concepts of Strengths, Weaknesses, Opportunities and Threats
(SWOT) to identiy and prioritize strategic actions. Threats and opportunities are external
to the community or organization, and strengths and weaknesses are internal or within the
organizationThe SWOT modelis typically easy to use, and it is applied often to
planningscenarios. There are many different versions of strategic planning. To apply it to
adaptation in cmmunities one mugbcus on the ability of the municipality to deal with
or respond to the issues (Bryson 1995).
The Adaptation antimpacts Research Divisimf Environment Canada&) collaboration
with the University of British Columbjdave producda gui debook entitl ed
Communitiesd Gui debook f @(Bizikodamtmlt2@08)iTlisn t o CI i
guidebook igesigned to assist municip#dis as they incorporate climate change
adaptation andhitigation into their shorand long term plans amaperationslt has been
referenced eensively when developiniipe framework for this projecthe objectives of
the guidebookoutlined byBizikovaet al.(2008), are as follows:

e assist local decision makers in applying current scientific knowledge on climate

change impacts to facilitate actions at the local scale;
e help communities to promote their sustainable development priorities in a way
that acounts for climate change adaptation and mitigation needs;
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¢ identify capacity needed to be able to carry out successful adaptation and
mitigation actionsand

e create a network of local cases aiming for integrated responses to climate change
to foster inform#on and experience exchange that will be beneficial for
practitioners, policymakers and researchers.

Other important dagments that exist on the subject of community adaptation

frameworks that were carefully considered in this exeindedeParks (205), the

Australian Government (200&jng County(2007), the City of Chicago (2007) and the

New ZealandMinistry of the Environmen2008).They were all reviewed while

conducting this researcBome of these documents discussedbriefly in this
docunent and they are examinégdn mor e det ai | in I an Picketts
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3. Climate Change in North-Central BC

The information in this section & overviewof key concepts from the repdi€Climate

Change in Prince Georggummary of pasttrendsahdut ur e p(Piokptisetali on s 0O
2009). The full report can be accessethaPCIC websitelfttp://pacificclimate.org/or

by contacting the City.

Disclaimer regarding this section: information has beetaoted from a variety of sources and

while efforts have been undertaken to assure its accuracy, it is provided without warranty as a
service by the Pacific Climate Impacts Consortium. Any decision taken based on the information
contained here is the solesponsibility of the person taking the decision

3.1. Overview

The northern regions of Canada (including nortkeantral BC) are highly susceptible to
climate change. Because of the expected changes to the climate and the potential for
disruptions to systemb&at humans rely on, it is important that northern municipalities are
provided with information that they can use to develop and implement effective climate
change adaptation and mitigation measures. This section provides an overview of
historical changesnithe hydreclimatology of the Prince George region and projected
changes in climate and related features for the future.

3.2. Baseline Climatology

Climatology is the study of climate over a set period. Often, temperature and
precipitation are investigated apthnning is carried out on the basis of means and
extremes of a given climatological period, such as 30 years. In climate science, future
projections of climate change are frequently given as a difference from these average
recent conditions. The repontgvides baseline climatology for the Prince George area
over the 19641990 periodAnnual mean temperature and precipitation climatology
maps, created with data from the Precipitattevation Regressions on Independent
Slopes Model (PRISM), are shown kigure 31.
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Annual Mean Temperature (1961 - 1990) Annual Precipitation (1961 - 1990)
! _) !"FFT r‘& f\ -/ . f i ‘

3] : i N N B
| \ Fo /s&oh

\} ]
gy TS

R

4D

Tefrag

X

s [ 350 - 450

[ 450 - 550

%""2 vatemaiint [ 650 - 750

220 4~ ¢ [ 750 - 1,000
[Jo-2 m e ., [ 1,000 - 1,500
24 EQ/_V\ ' o [ 1,500 - 1,750
[]4-s L b flr \. [l 1.750-2.000
[Je-s | S\ i I 2.000 - 2,500
B 8- 10 ) { 250

Roads

= g 2 o2 2
i e
Rivers o cxf Pembe . h
03570 140 )Y L) ¢ y el
Kilometres iy - i Kilometres

Figure 3-1 Baseline climatology maps for the Prince George regio‘mrnnual mean temperature and
annual precipitation 1961-1990. Source: PRISM Daly et al. 2004
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3.3. Climate Variability

Climatehas a natural cycle efriability that brings different temperatures and
precipitation amounts from those found on aver&ieate variabilityrefers to

variations in the climatedyond individual weather eventser time scales such as years
or decadedt is caused by several different mechanisms that redistribute heat and
influence the movement of the atmospheric and hydrological sysfetims Barth.

The Prince George regias strongly influenced by changes to the sea surface
temperature of the Pidic Ocean and related effects on atmospheric flow patterns. Two
climate oscillations that affect Prince George are the El Nifio/Southern Oscillation
(ENSO) and the Pacific Decadal Oscillation (PDENSO influences climate variability
on the scale of seas®to years, while the PDO occurs over 20 to 30 years.

3.4. Historical Trends

Historical climate datgives an indication of how variables, such as temperature and
precipitation, are being affected locally. Although current trends may not be extrapolated
into the future, this analysis illustrates the changes that have taken place in the region and
provides context for comparison of trends in this area relative to others. It is also
important to note that the trends are influenced by modes of climate varjahitity as

ENSO and PDO.

Figure 32 shows thattte longterm (19182006) mean annual temperature trend for
Prince Georgavarmed by1.3°C per centuryNight-time low temperature (minimum)
increased at a faster rate2°C per century, andag-time high emperature (maximum)
increased bymly 0.4°C per century
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Daily Maximum Temperature Prince George 1918-2006
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Figure 3-2 Temperature trends from the Prince George airport station from 1918006. Source: A.
Werner 2009.

3.5. Streamflow

Streamflow regimes can latassified into one of four categories: rainfall dominated
(pluvial); a mixture of rainfall and snemelt dominated (hybrid); snewelt dominated

(nival); and snowmelt and glaciemelt dominated (nival/glacial). Each category has
defining characteristichat can be used to better understand streamflow response under a
changing climate. Many stations were analyzed for streamflow in the Prince George
region. These include stations that have been affected by human influences such as land
use changes or watextraction, and those that have not been affected by human
influences. The streamflows were also analyzed for their responses to ENSO and PDO.
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3.6. Future Projections of Climate Change and Uncertainty

Projections of future climate are providedm an ensemle of roughly 140 Global
Climate Model (GCM) projections in the full report. These modetsnumerical
representations of the climate system based on the physical, chemical and biological
properties of its components, their interactions and their feegivacksseddigher
resolution regional informatiois provided in mapgom a Regional Climate Model
(RCM). Because the RCM is at a higher resolution it represents elevatiymicghand
dynamical processes as well as land surface characteristics iletaitehan the GCM.
However, there are less runs of RCMs, and the projections shown are from only one
model run with only one emission scenario.

The RCM projectionshown in Figure 3.are on the warmer and wetter end of
projectionsbecause they are rdinrough aGCM which predicts warmer and wetter future
conditions than most otherThe range of 2050s climate change projected by the
ensemble of GCMs is 1.6°C to 2.5°C and +3% to +10% for the region as a whole for
annual average temperature and predipiarespectively

Annual Mean Temperatured(2041 - 2070) Projection
R

Annual Mean Precipitation (2041 - 2070) Projection

°C Difference % /", Difference

[Jos-1. odnt [] -10t0-5
[J110-1. N [] stoo
=] 15-2 [ otes
[ 20-2. I sto10

0 25-» B ot 1s

[ zo0- B 15020
Bl 3s- B 20t025
s B 25030
= Roads

—— Roads St

= h i S !
Rivers B BRIAC gn Rivers Y - v
o ~ Sy

P N ‘ 0 35 70 140
’. Kilometres

0 35 70
Kilometres

Figure 3-3 Prince eoé region 2050s (2042070) projectd annual mean temperature and
precipitation anomalies from the 19611990 baseline. Source: Ouranos ConsortiufCRCM4 forced
with CGCM3 following the A2 emissions scenario).

3.7. Vulnerabilities and Opportunities

Shifts in temperature and precipitation could change stressors on the municipal
infrastructure in Prince George in ways that are likely to have significant cost

implications. For example, increases in temperature could reduce the energy needed for
heating. The cost of maintenance and renewal of roads and airport landing strips depends
on temperature and precipitation. In particular, increased freezing and thawing cycles
hawe already been attributed to the increased rate ofidletiéon of road surfaces (Dyer

2006).
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These vulnerabilities and opportunities are discussed in more detail in the full PCIC
report, and in the impact section (in Section 8) of this document.

3.8. Summary

Long term trends reveal that Prince George has warmed by 1.3°C over the past century.
Minimum temperatures have increased at a faster rate of 2.2°C while maximum
temperatures only increased at 0.4°C over this time period. Precipitation trends over the
last century depend largely on the period of analysis. Historic variability in precipitation
was greater than that of temperature over the last century. Prince George is situated in a
location of large precipitation gradients, significant historical temperatends and is
strongly influenced by patterns of climate variability, such as the El Nifio Southern
Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO). ENSO affects the climate
on a scale of one to several years and PDO on a scale of 2@a@ar80During the ENSO
warm phase (El Nifio) winters in Prince George area are 1.5°C to 2.0°C warmer and there
is 5% to 15% less precipitation than usual; during its cool phase (La Nifia) winters are
cooler and wetter than average. The PDO adds an additdioahce of approximately

1.0°C over decadal time scales.

Annual temperatures in the region are projected to increase by an average of 1.6°C to

2.5°C by the middle of the ZTentury. Precipitation is projected to increase by 3% to

10%, primarily in winter with possible decreases in summer. This means that Prince

George will continue to become 6l ess col do a
will fall as rain rather than snow. Changes of this magnitude will likely have a serious

impact as thewre above the historical range in variability for this region and will create

conditions that have not occurred before. These projected changes in precipitation and
temperature imply complex changes to streamflow timing and amount that will depend

on wateshed location and type.

The full report on which this ston is based (Picketts et a009) includes additional
information such as:

¢ historical baselinenonthly and seasonal mean, minimum and maximum
temperatures
historical influence of ENSO and PO@the region;
historical trend analysis on other time periods in addition to thetknng trends;
analysis of streamflow trends and variability;
future projections omonthly and seasonal mean, minimum and maximum
temperaturesand
e future projections ofjrowing degree days and tree species suitability.
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4. Prince George, British Columbia

Prince George is a ciiy north-central BCwith a population of approximately7 000

(City of Prince George 20@8 The main industries in Prince Georgethe order bthe
number of peoplemployed arehealth carend social assistanaetail trade, and
manufacturindBC Government 2009T he awerage income is approximately four
percentabove the provincial average, amdst individuals and families in Prince George
own their own homes rather thaent (B.C. Government 20D Over the past 25 years,
Prince Georgeb6s population has become increa
in the forest industryin addition, the urban infrastructure and services lrapeoved
within the city limits. Prince George continues to haveumber oplanning issues
particularly with its downtowrand the location of heavydnstry in the heart of the city
(see kgure4-1). Prior to hecurrentSmart Growth on the Ground evefdescribedn
Section 5.4and Appendix Ethe Cityhad undergone five downtowavitalization

attemps (Llewellyn 1999.

[

l

Figure 4-1 Prince George looking over the Fraser Rivewith pulp mills in background. Source: City
of Prince George

The Gty of Prince George lies in the Fradeort George Regional District and
encompasses a total land area of B8, or 33 000 hectard8C Government 2009)lt

is situatedust east ofthe geographical centre of Bah Columbia: 786 km North of
Vancouver and 73Bm west of Edmonton, Alberta (BGovernment 2007). The city is
situated ab3°53 North Latitude, 122°M¥est Longitude, antheelevaton is 575m in
the city centreThe population density is 22%&rsonger square kilomettéhe average
summer temperature (from 192000) is Maximum 20.1 °C and Minimum 6.8°C, and
the average winter temperature (from 120D0) is maximum3.4°C and minimum
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-11.8°C (City of Prince George 2063

Prince George is locatedtivn the SubBoreal Spruce (SBS) Biogeoclimatic Zone,

which has a continental climate with extremes in hot and cold weatt@rNBnistry of
Forests 2004 The area experiences snow cofrem roughly November to Aprand
thunderstorms are frequent thgh the summer months, contributing to fire hazard and
predominance of fire as the major disturbance factor in the zone. Lodgepole pine (Pinus
contorta) and trembling aspen (Populus tremuloides) are common pioneer species, with
hybrid white spruce (Piceangelmannii x glauca) andlsalpine fir (Abies lasiocarpa)s

the more common lateuccessional species (Timberline Fotasentory Consultants
2006).Moose (Alces alces), marten (Martes americana), ermine (Mustela erminea), fisher
(Martes pennanti), gyawolf (Canis lupus), snowshoe hare (Lepus americanus), and

black bear (Ursus americanus) are the most common wildlife species in this zone. The
forest canopy tends to be dominated by lodgepole pine, Defilg(&seudotsuga

menziesii var. menziesii), afybrid white spruce with trembling aspen and paper birch
(Betula papyrifera) stands mixed(l8C Ministry of Forests, 2004

Prince Georgés an ideakase studgommunity to partnewith on climate change
adaptatiorresearchHor a number of reasond.few of the criteria thamake the City an
excellent candidatas a case study communibglude:

i Commitment to climate change adaptationThe Cityhas shown a strong
commitment to climate change action, and is alreadywiitial leader in some
areas relatéto climate change adaptationi¢h as forest fire management).

U0 Upcoming OCP andICSP (myPG)revisions: Prince George is reviewing and

updating its OCP and is the process of creatingg@ e nt i t | end2008 my P G4 )

2010 The City ntends to incorporatdimate change adaptation directly into both
of these documents.

U Site and ScalePrince George is a medium sized city that is situated near to the
geograpital centre of BC. The Citig locaed in the Northern region of BC, far
away from the Okanagan agdeater Vancouver regions; which have been the
focus of most climate chaagdaptation work in BC to date.

U Vulnerability to climate change: Prince Georgalreadyis encountering major
natural phenomena that canleastpartially be attribuéd to climate chage (such
asthe mountain pine beetle infestation and increfiseding). The City will be
affected by rany different impacts, and senida# is aware of the nee start
thinking about these impacts aimdorporatingadaptation strategiesto its plars.

U Collaboration with UNBC: Prince George and UNBC have a long history of
collaboration, particularly with respect to planning activities.

4.1. Official Community Plan

The information in this section is sumrzad from the Prince George OQ®ity of
Prince Geage 2001). This document is available online at
http://www.city.pg.bc.ca/city _services/ocp/ocp.pdf

The Rince Georg®CPis Bylaw No. 7281, and was adopted on September 17, 2001.

Accordig t o the OCP, the purpose of the plan
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future growth and | and use iIieOCPHhheM&orty of Pr
and Muncil defined the priorities for developmentdstablishing the msion satement

Ato ful fildl our destiny as B.C.6s O6Northern
enhancement of opportunities for employment, investment and reward; and b) the
provision of an excellent 2Qpl3)i ty of 1ifeo (

To guide ad support the mission statement, a series of strategies were developed to
define the priorities for commuyidevelopment ovehe next fewyears. The strategies
are

marketing the City of Prince George;

encouragng growth and evelopment within the City

improving nfrastructure;

planning effective transportatiogstems;

implementing efficient corporategresses;

rejuvenating the awntown;

improving safety andesurity in the City; and

growing civic pide.

The vision statement for the OCP isfelsows:

oBCds ONorthern Capitalé, the City of Pri
and diverse community that provides a strong focal point and identity for the
north, with a thriving economy that offers full opportunities for housing,
education,emp oy ment , recreation and the cul tur

This statement was developed with the input of public stakeholders through surveys and
open houses, and with the consultation of the public advisory committee (which was
established as part of theC® planning process).

The mission statement, the strategies designed to fulfill the mission statemehg and
vision statementf the OCP do not have any direct referencelitnate change,
sustainabilityor the environment. They contain indirect referesto these issues

through the mention of transportation (possible public transportation and bike networks),
downtown revitalization (promoting a centralized downtown and discouraging urban
sprawl and big box stores) and improving infrastructure (pgsbipmaking it more

efficient and resilient

The2001 Prince Georg®@CP notsthat ®me of the key issuaspeatedly voicetly

residents during public consultations included maintaining open space and connections
with nature, and improvonair quality.Section 13.3stateghatquality of life for many
residentss closely relatedo the quality of the physical environmetd natural areas

within the city. These statements, although not closely related to climate change, indicate
that enwwronmental issas wereconsidered in the last OGBnd that this can be built upon

in the next iteration

There is no reference to climate change adaptation within the existing OCP for Prince
GeorgeHowever, here are explicit growth management strategies, agricultura
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restrictions, protection of natural features, environmental quality guidelines, floodplain

restrictions, restrictions on development of steep slopes a+iholis, water supply

protection measures, riparian protection measures, a section devoteddagsaskid

greenbelts, urban forestry recommendatiansiutilities guidelinesTheseare all

strategies that i ncr e acaebeBuiltiupoeietheupcomigge 6s r e s
OCPreviewto incorporate climate change adaptation.

4.2. Integrated Community Sustainability Planning (Smart Plan)
Initiative

The following section is adapted from the Ministry of Community Servieeently

renamed the Ministry of Community and Rural DevelopmBatkgrounder Sheet on the

Integrated Community Sustainability Plang Initiative,datedApril 16 2007(BC

Ministry of Community Services 200.4)The documerit available online at:

http://www.cd.gov.bc.ca/LGD/intergov_relatiofiistary/ICSP_Backgrounder.pdf

Integrated Community Sustainability Planning is an initiative in BC that started from the
Union of British Columbia Municipalitie$&sas Tax Agreement (GTA). This initiative
began in 2005, and was designed to tie in with ipal interests to encouga the
development of healthier amdore sustainable communities, algdoto address climate
change. ThentegratedCommunitySustainabilityPlan (ICSP)initiative isdesigned to go
beyond GTA support and to @urage partnergbs to support community sustainability
planning in the Provincén 2009 the ICSP initiative was renamed Smart Planning for
Communities (Smart Plan)

An ICSP (Smart Plan3 a document that builds upon existing planning tools to
encourageommunities teselfanalyze ando become more sustainable. It is designed to
embrace certain tenard$ sustainability. Some of the key tenaofsntegrated
community sustainability planniraye
e long term thinking for sustainability and resilience
e consideration of ta environmental, social, cultural and economic needs of a
community
¢ integration ofmany differenplarsto encourage a coordinated approach with the
input of various stakeholders (such as First Nations, neighbouring communities,
NGOs, the private sectond different levels of government)
e extensive public erggement in the planning process;
e public educationand
e afocus on implementatiowith monitoring and evaluation to rate progress and
continually improveplans

ThelCSP(Smart Plahprocess is desigd to involve three key phases
I.  Preplanning phase: this phase is desigieedducatehe community and
asses#s planning capacity so that the community can have an accurate
assessment of where it is and where it needs.to go
Il.  Core planning phase: thisigseincludes the development of a
sustainability vision and a framework for the community so that targets
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and actions can be set. This allows communities tdifgemsustainable
practices anactions to address them.

[ll.  Implementation phase: this phasessé plan into action and ensures that
it remains a priority in the community. This may involve the adaptation of
new decision making frameworkthe creation of checklists and indicators
or a change in general governance.

4.3. The Prince George ICSP (myPG)

The information in this section is summarized from the Prince George (GG
website(City of Prince George 20@). This isavailableonlineat
http://icsp.princegeorge.ca/Pages/index.aspx

In May 2007 the Rince George City Council supported the proposalevelop a ICSP
(myPG) Phase vas completed and reported to council in October 2@0Bebruary
2009Council supported a cooperative agreement between UMBGh& City to develop
pha® Il of the plan. At this point City stiaresearched othd€CSPs(Smart Plag) from
different BC communities, and developed a request for proposal that was tailored to the
community. The City decideithat phase lbf theICSP(myPG)be completed in conder

with the OCPReview.

The consultant will become a partner with the City of Prince George and UNBC as they
undertake this project. Phasehlis beerset to begin in the summer of 2009, and public
engagement will begin in tHall. The consultants wilnteractextensively with Prince
George residents as part of the proc&bsg consultant also must incorporate a large
amount of existing work and information into the next iteration of the OCP and the
Prince George ICSEnyPG) Some of these initiatives ilhude: Smart Growth on the
Ground;Task Force for a Better Downtown; Communities that Care; Beyond
Homelessnes$ilood Risk Evaluabn and Flood Control SolutionBrince George
Community ForesfAdvisory Committeethe Prince George Transit BusinesarPand

this research

Figure4-2 outlinesthebroad range of topics amxisting planghat thelCSP(myPG)
incorporatesand the different strategies, bylaws, reports and systems that fall within its
scopeFurther discussion about how climate ofpamdaptabn fits into thel CSP
(SmyPG)process is included in Section 4.4.
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Figure 4-2 Schematic ofthe Prince GeorgelCSP (myPG). Source City of Prince George2009a

Thedevelopment othe ICSP (myPG)n coordiration with theOCP review irwill occur
in 2009 and 2010. The deadline for the completion of@has of thel CSP (myPG)s
March 2010, and the deadline for the OCP review is August 2010.

4.4. Climate Change adaptation in the OCP and ICSP (myPG)

Official Community Plan

An OCP that is developed with climate change adaptation will provide an umbrella for
identifying actions to respond thangeand helpto build a resilient community
(Bizikova et al.2008. As noted abve, the purpose of therince George OCR to

establish a framework for directing future growth and laselin the City(City of Prince
George2001 p. 3) Incorporatingclimate changadaptationnto the OCP will help to
effectively fulfill both of these mandateBhe requirement for OCPs to iéy and
consider landscape hazards, and the encouragement of smart growth priaucples
examples of hw climate change adaptationbeginningto beconsideed in OCPs
(Bizikovaet al.2008.
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TheDevelop Wth Care document, created by the BC Minisifghe Environment
(2006) provides environmental guidelines for planning, implementing and reviewing
developments. The community planning chapter includes a sectasaptation to
climate change @&tion 2.7.3}hat advises communities to incorporatadtion by
assessing their vulnerability future changesSaanich BC hasincorporated adaptation
into its OCPat a cursory levellt has a climate change sectior¢8on 4.1.1) that
outlines the nefor mitigation and adaptation. Alslefirst policyin the public
infrastructure section (Section 4.2.J0gscribs thatclimate changeémpactsbe
consideredn long term infrastructure projects (District of Saanich 2008& City of
Richmondand theDistrict of Elkford are bothn the process of finalimg OCPrevisions
which will extensively incorporate climate change adaptation (M. Dgy#ia. comm.
2009; K. Gosal pers. comm.. 2008)e presence of adaptationtirese documents
indicatesthatit is begimingto be considered in OCPsBC.

Integrated Community Sustainability Plan (myPG)

As illustrated in kgure4-2, climate change adaptation fitdo the environmenta

stewardship bubble of tHESP (myPGhlong with climate change mitigation. The

climate change adaptation plan will also have clodes limith other sectonslentified in

the diagramsuch as civic utilities and infrastructure, transportatowl land use

planning. Furthermore comprehensive climate change adaptation strategy should affect
many aspects cfocial developmensuch as redth and public safety. These will all have

an effect on corporate support, financial systems, and economic development.

An ICSP(Smart Plahis a big picture document that guides the development of all
municipal planning, decision making and policie®iane decision making framework
that is geared toward sustainabil{Baxter and Purcell 2007). This is ideally suited to
climate change adaptation, effectively planning for andespondingo impacts often
requires coordination and teamwork betweenyrsattors (seBection8 of this repoii
Whi st | EBP(Brard RMahwasentitiedd/Vhistler 2020: Moving Toward a
Sustainable Futer,cand it includes some referenteslimate change aghtation. The
documenincludes several statements relating iViistler needs to adapt to global
impacts and take advantage of related opportuninest of whichare related to tourism
and climate chang@&esort Municipality of Whistler 2007
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5. Climate Change Adaptation in Prince George

Several workshops arather events have occurred imrh-central BC that have raised
awareness about climate change, and climate clatag®ation, in the region. These
haveled to the creation of th adaptation strategyh€& majoradaptatiorrelated events
that have occurreith Prince Georgen chronological order, are as follows

A.fAdapting to Climate Change in Northern E
In February 2003, approximately 40 key stakeholders from across BC met in Prince
George for an AAdaptiregnt BrCltiimat eCoChuanrbg ea 0
workshop. Theurpose of the workshop wasdiscusampactsthat BC will

experience as a result of climate chaagdpossible strategies to addrélsem This

workshop was put on by tli@ganadian Climate Impacts and Adatpin Reseah

Network The workshop brought together local and proving@aternment

representativeom across BC, as well as academics andstiguepresentatives.

Prince Georg€ity staff and UNBC researcheattended theorkshop.

B ACommunities amge:ClRPImanrei lChaf or | mpacts a
Workshop:

A workshop occurred in Prince George on Ma
Climate Change: Planningfo | mpact s and Adaptationso. The

by the McGregor Model Forest Associationgdamas designed to enhance
communication and coordination between clin@tange researchers, planners,
community leaders, and the general public. Dave Dyer, the Chief Engineer
infrastructureor the City of Prince Georg@resented on communities anarate
change impacts at thveorkshop.

One of the key outcomes of this workshop was the conceptualization of a Northern
ClimateChangeNetwork that would promote information sharing about climate

change adaptation in the North. The Netwnitiated by tle former McGregor

Model Forest Association, which is ndfae Resources North Associatigrpvides a
website and a listserv, and has facilitated workshops and speaker events. It is looking
to expand its services to help communities be better prepardtefpotential impacts

of climate change. For more information please visit
http://www.resourcesnorth.org/rna/380/nccn

C.hAdaptation Partnership Between the City
University of Northern British Columbia :

In the fall of 2007, Grant Bain (&hage of Long Range Rnning), DaveDyer (Chief

Engineerof Infrastructurg and lan Picketts (graduate student at UNBIGhg with

his graduate committesgreed to team up to continue to won climate change

adaptation in Prince George. In early 2008, Dan Milburn replaced Grant Bain as the

manager of long term planning. This partnerstapled toseveral reportand
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workshops which are described in the following sections. This partngiisas also
led to this adaptatiodocument

DAClimate Change Projection I nformation wi
Consortium:

In early 2008, lan Picketts advised the City of the climate change information

available througl?CIC. This organization is bad out of the University of Victoria,

and is a global leader in the production of past and future climate information. This

partnership hledtot he creati on of the report: ACI I m;

George: A Summary of Past Trends and FuturgeBtions of climate in North

Central Briti sdcumém Wwas giishediribeptembde?089 A

summary of the information includen the report is included ineStion3. (The

report can be ac cbttp:Bpacdicclanbte.dgahd®é@rdcopies bsi t e

are available aCity hall). The panhershiphasalso led to PCl(articipating in and

presenting athe Planning for Climate Change and Adaptin@lionate Change in

Prince Georgevorkshops.

E. Prince George Quality of Life Survey

The City of Prince George has been conducting an annual public opinion survey since
1994. Each year the survey asks residents of Prince George many questions related to
the City and their perceptions thieir general quay of life with a specific focusThe

2008 survey watcused on sustainability, and include2l questions aboutimate

change and its impacfEhe results from these questions have informed this

adaptation documen¥lore information aout the survey iscluded in &ction5.1

F. _Planning Institute of BC Workshop:

Il n June 2008 a workshop was held in
Changeo. This workshop was put on by
Prince George, theraser Basin Coul, PCIC, Environment Canada and others. The
workshop occurred as part of Planning Institute of British ColutnRBC) annual
conference. The purpose of the workshop was to collaboratéiamimers from

across BC antukon to educate professionals thie subject o€limate change
adaptation, and also to discuss adaptation strategies for the ahsesstumunity of
Prince George. For more information on the workshop pleasetoefecion 5.2

Pr i e

rionc
UNBC,

G. Prince George City Adaptation Workshop

In November 2008 atakeholder workshop was held in Prince George entitled

A Ada p tdlimate Chaoge in Prince Geotge Thi s wor kshop was pu
UNBC, with assistance from the City of Prince George HlaserBasinCounciland

PCIC. The workshop was designed to ineseeknowledge and awareness of climate

change adaptation within the city, and to identify a prioritized approach for

developing a climate changelaptation strategy for Prince Gearger more

information on the wikshop please refer te8tion5.3.
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HASma Growth on the Groundo :Downtown Revi:
The City of Prince George has partnered VBhOGto create austainable

downtown planFor thisprocess 60G organized and facilitatedformation everd

in November2008andpriority setting workshpsin March 2009Climate change

adaptation was presented at the information anditygetting events, and has been

incorporated into the desigihe final charette design process took place in May

20090 and a concept documeheGrowma Dawhtdwa d A Smar t
Prince Geor g was@ppnowdehy tounkillomSeptember 14, 2009

Public feedback regarding climate change adaptation was also soétitieel

information events-or more information about this process please refSed¢tion

5.4

5.1. Prince George Quality of Life Survey

The City of Prince Geordgeas conductedn annual public opinion survey since 1994.

Since 1998 they have been doing this in part
Researl and Evaluation, headed by Dr. Al®lichalos This is referred to as the Quality

of Life (QOL) surveyEach year a samptd Prince Georgeesidents are asked many

guestions related to the City and their perceptions of their general quality of life. Every

year the survey also has a specificus. For examplén 2007 itwas on items relevant to

updatingte Ci t vy 6s OCP

In 2008, theQOL survey focused on social, economic and environmental sustainability.
As part of the environmental portion of the sunayull section that included 12
guestions was dedicated to climate change and its impacts. Approximately 660 people
answered each of the questions in the climate change section. Ple@setgre63 for

an explanation of the research framework, appendixA for the full results of ths
portionof the survey.

Results

The section started with some general questions related to what climate change means to
people, their level of concern, and their urstignding of the issue. Particiia were
asked:

How concerned are you personally abadilie issue of climate change?

The resultsvereas follows

1. Extremely concerned 15.3%
2. Definitely concerned 38.7%
3. Somewhat concerned 36.0%
4. Not at all concerned 10.0%

When asked how well people felt that they understand the issue ofectimenge, 66.3%

of respondents indicated that they have a good or excellent understanding of the issue,
31.0% indicated that they have a fair understanding and only 2.7% said that they had a
poor understanding.
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There were also questionscaib what concers residentabout climate change. These
guestions tie in very closely withis exercisgas the aspects of climate change that most
concern citizens shoultbrrelate with higlpriorities for adaptation.

The overarching question was asked:
What concerns gu about climate change?

Participants werastructed to indica as many of the impacts that they thought were of

concernThe results for is question are illustrated indtre 51. If participants selected

0 o t impactéihey were asked to speciffh e mati merddé conoverens i ndi ca
threats to wildlife (indicated by 1.5% of total respondents), food shortages (indicated by

1.5% of respondents) and nothing (indicated by 1.0% of respondents)

QOL Survey Results: What Concerns Residents About
Climate Change
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Figure 5-1 Quality of life survey response tajuestion: What concerns youmostabout climate
change?

Another question asked respondents:

Do you feel that you and your family are likely to be affected by climate
change?

36



Adapting to Climate Change in Prince George Picketts et al

81.8 % of respondents answered ye$i® question. Those who answered yes were
asked the following:

If yes, in what ways?
Participants were instructed to indicate as many of the impacts that they thought were of
concern. The results forithquestion are illustrated indgtire 52. If partidpants selected
6ot her & i mpacts t hTehye wrearien adsokndititedderecsopnecceirfnys.
economic impacts (indicated by 2.2% of respondents), environmental impacts (indicated
by 1.8% of total respondents) and impacts on wildlife (indicated 3 bf respondents).

QOL Survey Results: How Climate Change Will Affect
Residents and Their Families
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Figure 5-2 Quality of life survey response tayuestiornt How will climate changeaffect you andyour
family?
Anotherrelevant question that was asked of the respondents was:

Do you kelieve that Prince George as a whole is likely to be affected by
climate change?

88.3% of respondents answered y@ethis question. Those who answered yes were asked
the following:
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If yes, in what ways?

Participants were instructed to indicate as marth@impacts that they thought were of
concern. The results forithquestion are illustrated indtre 53. If participants selected

6ot her & i mpact s t hTehye wrearien adsokndititedderecsopnecceirfnys.

Environmental impacts/degradation (&2f respondents) and Cost to me (1.8% of
respondents).

QOL Survey Results: How Climate Change Will Affect
Prince George
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Figure 5-3 Quality of life survey response tayuestiort How will climate changeaffect Prince George
as awhole?

5.2. Planning Institute of BC Workshop

In June2008 the Planmig Institute of BC (PIBC) held its annual conference in Prince
GeorgeThe conference was en tandwtasfecdsedobhéralea ni ng f
that planners have in addressing and respondiolgmate changelhe Universityof

Northern BCparticipated in the conference by workwgh the City of Prince George

and other groups to organize a workshop focusing on adapting to climate.chia@ge

conference participants could elect to attdredfull day workshop on the Thursdafythe
conferenceOver 50 participants attended including planners from across BC and Yukon,
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experts, and representatives from the City of Prince George. The workabantitled

0Adapting

t o C lhadnwa majookjdctavasg e 0 ,

e to educate plamersabout climate change adaptatiamd

e to generate innovative ideas for climate change adaptation strategies using Prince

George as a case study.

and

Additionalinformation about the PIB®&Vorkshop is included in Appendix B.

Workshop schedule:
The workshp consisted of four sessions, which arsalibedin Table 51 andvisualized

in Figure 54.
Table 5-1 PIBC workshop agenda
Time Topic Facilitators
Workshop Opening Session: lan Picketts
9:00am Welcome, wverview of workshop, backgrod on climate | (UNBC) and
- change adaptation and definition of terrszerview of pas| Arelia Werner
10:00 am changes and future projections of temperature and (PCIC)
precipitation in the PG region.
Focus Group Sessions City of PG
10:00am Flooding & stormwaterWater quality and quantity; reps and topic
- Infrastructure; Communicatiorand Implementation focus experts
12:00pm group sessions.
LUNCH

1:15pm Integrated Sessions: City of PG

i Flooding & stormwaterWater quéity and quantity and | reps and topig
2:30pm Infrastructure integrated sessions experts

: Workshop Plenary Session: lan Picketts

2:45pm - - . (UNBCQC),

) Welcome to entire conference, review of key terms, clir group reps &
4:00pm information and workshop structure. Presentations fro Stewart Coher

workdhop focus groups and conclusions.

(Environment
Canada)
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Workshop | Floodingand " Floodingand
Opening |_Stormwater | Stormwater
Session: ' ) i
es.smn Water Quality mtegr.ated \
- Overview of (Technical /| and Quantity session
workshop ) )

discussion
groups |

" Water Quality |

- Backgroundon and Quantity

climate change

Infrastructure

Integrated

adaptationand ) L g .

e bs L Session
mitigation Implementation | .-
-Introduction of discussion group | /
case study - Infrastructure
cc:-.mmumtyof Communication | - Integr.ated
Prince George , o Session

discussiongroup |_---=""" .

Workshop
Plenary
Session:

-Presentation of
focus group
results

-Discussion of
integrating
adaptationinto
BC communities

-Workshop
conclusions

Figure 5-4 Flowchart describing the four workshop sessions (opening session; focus groups;

integrated sessions; and workshop plenary session).

Workshop sessions:
1) Opening Session:
The wor kshop

began with an opening

session

activities and key background information. lan Picketts presented a background on
climatechange, definitions of key terms afattts about the case study community of

Prince George. The clear definit®of, and differentiation betweenlimate change
adaptationandmitigationwereemphasized, and the focus on adaptation for the

workshop waseinforced. As part of the opening presentation Arelia Werner from PCIC
presented a detaileverview of pastlimate information anéuture projections for the

region (seéection3).

2) Focus Groups Sessions:

During the seconghase of the workshop, the peipants broke off into five separate
focus groupsA Foress groupwas planned, butancelledprior to the workshoplue to

lack of participant interest. A brief description of the focus groups is as follows:

Flooding and sormwater: Flooding events arexpected to become more frequen

t with

climate change, and existing flood protection works may no longer be adequate to

accommodate for more severe and frequent river flooding evidnssgroup focusedn
coming up with creative ideas to deliver planninfusons to thempactsthat increased

flooding will have on communities, and also on managing stormwater better to account

for changes brought upon by climate change. The group desbwbat information is
needed to inform these solutions (i.e. prectfmtaprojections, spring snowmelt
projections, river flow rates).
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Water quality and quantity : Climate change will alter the hydrological cycle, and is
expected to increase strains on water resources. Communities must manage their supplies
carefully to esure that they have a sustainable supply of clean water for the fThise.
groupfocusedon coming up with strategies to deliver planning solutions for the impacts

of climate change on both water qtyand quantity. The grougiscusedwhat

informationis needed to inform these solutions (i.e. precipitation projections, temperature
projections, streamflow projections).

Building and stormwater infrastructure: Climate change affects the way that
transportation and building infrastructure is plannedt laaid maintained. This group
focusedon coming up with creative ideas how to plan building and transportation
infrastructure in a way that appropriately considers and accounts for climate change. The
group discusse@hat information is needed to infortlnese planning solutions (i,e,

winter and summer precipitation projections, temperature projections, freezing degree
days, freeze¢haw cycle projections).

Implementation: This groupfocusedon discussing the challenges of getting adaptation
measures irarporated into the appropriate community plans Q€Ps, ICSP§Smart

Plang, Corporate Plansnanagementtgictures, functional Plans, etdPeople in this

group discussed strategies for, and potential challenges to, implementation. This group
then spit up to join different integrated sessions during the next part of the workshop.

Communication: This group focused oraising awareness about climate change at all
levels including government, industry and the public. The objective was to foster support
for adaptatiorplans and to gain this support stakeholders must understand this incredibly
complex and uncertain issue. Adaptation needs to become a much higher priority for
officials of all levels of government, local staff, elected officials and thégueople in

this group spent the focus group session discussing communication strategies. The group
then split up to join different integrated sessions during the next part of the workshop.

3) Integrated Sessions:
In the afternoon the focus groufasserbled in integrated sessions to focus on climate
change solutions. The five focus groups merged into three integrated sessions by
dissolving the implementation and communication groups, and having some participants
from these groups join each of the othditse facilitators of the communication and
implementation groups also joined the implementation sessions, Participants and
facilitators in the technical focus groups remained in the same sessithret the
discussios could continue to evolvdhe threentegrated sessions were as follows:

1. Flooding and stormwater integratesssion
2. Water quality and quantityiegratedsession
3. Infrastructure integratedssion

These groups continued to build on the morning focus group discussions, but reoriented
theirdiscussions to talk about the issues at a lmoschle. Groups were encouraged to
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explorehow strategies can be applied in communities and how they can be effectively
communicated to the public and implemented.

4) FEinal plenary session
The entie PIBC confeence attendethe final plenary session. lan Picketts provided an
overview of the workshop for the plenaagd background informaticabout climate
change adaptatioand Prince Georgdrelia Werner spoke briefly to overview past
climate information anéuture projections for the regioA. representative fromaehof
the integrated sessions and the implementation and communiiatiengroups briefly
presenedtheir findings from the day to the entire conference. These presentations
provided the plenarwith anoverviewof the key climate change adaptatmoncepts and
strategies that were discussed throughout the day.

Doctor Stewart Cohen concluded the workshop by talking about the importance of
climate change in planning. Stewart spoke elegantly dmmwtplanning can no longer

rely on the past as a proxy for the future, and how the profession will have to plan for
uncertainty. He stressed that communities will have to become more resilient, and that
planners must take the lead in advocating for #8diency. He concluded his talk by
articulating that the planning community already has within it the capawityreativity

to deal with this new and unprecedented challenge.

Results

The workshop was an effective mechanism to raise awareness otdiinaaige amongst
the planning community. It presented an excellent opportémitgialogue about this
new facet of planning. Many patrticipants indicated that they had a more solid
understanding of adaptation as a response to climate change after theowdrks final
plenary provided a forum to share information about climate change adaptatiaverith
200 planners attending the PIBC conference

A summary of the key results from the integrated sessions as reported by Picketts (2008)
in thePlanning WesMagazine article entittedA d apt i ng t o Cl i mate Chan
is as follows:

Flooding and Stormwater. this group concluded that a detailed flood risk assessment
needs to be conducted as soon as Prince George is not in an emergency situation. In the
shat term, the floodplain bylaw must be amended to reflect recent happenings. All levels
of government need to communicate more clearly to address flooding issues. All natural
stormwater retention areas (such as wetlands and ravines) should be utilized to th
greatest extent possible. Increased streamflow and precipitation data (particularly
seasonal data) and projections are crucial to inform adaptation plans.

Water Quality and Quantity : this group concluded that all (municipal, residential,
agricultural ad industrial) water use should be metered and charged at an increasing
block rate (e.g. higher rates for excessive use). Surface water, stormwater, and greywater
should be utilized wherever possible to reduce strains on freshwater sources. The City
shouldencourage development near existing wells to protect aquifers and reduce costs.
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To conserve water quality, development should occur in a manner that is sensitive to
important groundwater recharge zones. Streamflow and precipitation projections are
requiredto adequately plan for this. The public must be educated to overcome the
misconception that there is an infinite supply of clean water in Prince George.

Infrastructure: this group concluded that reducing the overall footprint of the City

Prince George wlireduce the amount of infrastructure needed (particularly roads). Costs
savings associated with this can be reallocated to building structures that can better
withstand more extreme events and fretgwav cycles. This strategy also has important
climate dhvange mitigation cdvenefits. Provincial building codes must account for long

term climate change. To inform these decisions, a detailed analysis must be performed on
future freezehaw scenarios, and building and paving materials in the north. The public
must develop a greater awareness about the costs of city infrastructure, and the benefits
of compact cities.

These results will be used to help the final impact groups as they discuss climate change
adaptation on their topics. They ameorporated into timpact sction (Section 8) of
this document.

Discussion

After talking to the facilitators it was also clear that some of the drawbacks of the
workshop could be minimized by working with a smaller participant gr@uygh as a
community- on a more familr case study topi@ecisions also require input from local
decision makers who are familiar with the community and the surrounding natural
environment. Therefore, the key outcome of this workshop was the envisioning of the
City Adaptaion Workshop with ince George staff. Ais workshop built upothe

reseach that had gone into the PIBCAoshop, and many of the same techniques, topics
and formats were used. The resoltend feedback from the PIBC dkshop were used

to guide the City Adaptation bfksha.

The City Adaptation Wrkshop was specifically designed to generate prioritized results
for the City, from the staff and stakeholders from the region who deal with planning and
operations. An overview of the City adaptation workshop follows in Sect®n 5

5.3. Prince George City Adaptation Workshop

Il n November 2008 a stakehol der workshop was
to Climate Change in Prince Geotge The purpose of this worksh
Prince George city staff and key stakeholdemdapting to climate change. The
workshop two principle objectives were;
1. toincrease the knowledge and awareness of climate change impacts and climate
change adaptation priorities within the City of Prince George; and
2. to identify a prioritized approachifaleveloping a climate change adaptation
strategy for theCity.

Representatives with expertise on virtually all of the facets of planning and operations
within the City attended the workshop. (For a list of workshop ppaints please refer to
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appendixC.) The workshop agenda shown in Bble5-2, and the sessions are briefly
describedafterward

Additionalinformation about th City AdaptatioWorkshop is included in AppendC.

Table 5-2 City Adaptation Workshop agenda.

Time Topic Facilitators
10:00am Introduction to Workshop: UNBC
- Welcome, overview of workshop, definition of terms,
10:15 am summary of climate change work occurring in PG
10:15am Understanding Changes PCIC
- Overview of the past changes, and future temperature 3
11:15:am precipitation projections in the PG region.
11:15am| |dentifying the Impacts of Climate Change in PG: UNBC,
i Linking the climate projections with actual impacts on cif Fraser Basin
12:15pm infrastructure, opeations and planning. Council

LUNCH & Discussion

1:00pm Visioning an Adaptation Strateqgy for PG: City of PG
i Determining the priorities for an adaptation strategy, arj  UNBC,
2:30pm | the best approach for developing this strategy. Identifyj FraserBasin
the future vision for the City of PG, and how we must plaf ~ Council
adapt to climate change so that we can attain this visio
Wrap up, final thoughts and Future directions.

1) Workshop introduction:
lan Picketts opened the workghwith a briefintroductory presentatioio welcome the
participantsand ut | i ne t he wadosktshh copextfor gowonkshaps e .
some key terms wemearly identified and differentiatidbetween, such as mitigation and

adaptationThe objecties were explained, and it was expressed that the participants were

the experts; as they are the people who are witnessing and planning for changes.
Therefore they have the best local knowledge to identify and prioritize the different
impacts that are, anglill be, facing the city.

2y Understanding the past and projected
The introduction was followed by a 40 minute presentation by Arelia Werner from PCIC
on pastrendsand future projectionsf climatein the region. This f@sentation served as
an opportunity to communicate the conceptiisforic climate trendlimate
variability, climate change, global and regional climate models, and future climate
projections. It also helped attendeesegih to grasp what the majwends in the region
are and what types of changes to Prince
that waspresented is summarized iB@&ion3 of this document. After the presentation
there wasa 20 minute qustion and answer period
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3) ldentifying the impacts of climate bange in Prince George:
Over the next hour the plenary split into four groups for discussions on the impacts of
Climate Change in Prince Geordde four groups were selected so that each had
representation from different aredseapertise such as current planning, long term
planning, operations and utilities. Each focus grprgulucel a list of priority impacts
thatthe City is currently addressing or will have to eventually address, using the
information that had just been peeged to guide the discussiddased on the feedback
generated in this section a master list of impacts was created.

4) Visioning an adaptation strategy for Prince George:
This session began with a brief report back fromfaéloditatorsto finalize he masgr list
of impacts.The visioningexercise waslesignedo determine the priorities for an
adaptation strategy, and the best approach for developingrisgy Participants
prioritisedthe master list ofmpactsdecidedwhich City sectors would be inlved in
addressing these issy@fd selected vith documents the adaptation plans should be
incorporated intoThere was alsan opportunity for participastto offer theiideas on
ways to address the impacts.

These ambitious outcomes were achikbyproviding each participant with a

spreadsheet or 6ématrixé to fill oafach Parti ci
impact, name theectors in the City that would be most seriously affected by it,

determinan what planghe issue shdd beaddressed, and providieas for adapting to

the impact. This matrix was modeled framadaptation guide created the City of

Chicago (2008).

Results

Results from: Identifying the impacts of climate change in Prince George:
The piorities that were iddified in the master lisdf impactsare as dllows:
Increased forest fires

Increased flooding

Extreme weather everitsemergency esponse

Increased freeze / thaw impacting transportation

Threats to water quality & quanfit

Stresses on transportationratructure (other than freetgaw)
Extreme weather events limiting transportation capabilities
Stresses on storwater infrastructure

. Stresses on utilities infrastructure

10.Warmer temperatures leading to increased agricultural capacity
11.Warmer temperates leadig to more residents and business opportunities
12.Erosion & landslides

CoNorwNE

Results front Visioning an adaptation grategy for Prince George:
The participants took the Master List of impacts and filled out the matrix based on them.
They completededions onthe risk of impacts, prioritiefor city services to address
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impacts and implementation tools. Participdrad the option to offer ideas for solutions
in the final sectionA total of 26 people filled out the matrix.

Participants were requestadrank each of the impacts in terms of its risk. TWas
accomplishedby having the participants rartke likelihood and timing of the impact, and
the consequence of not acting on the impacia scale of one to fiysee appendi for
more details)The following three figuresepresent thaverage (or meamnyorkshop

stk ehol der s 6 theesksoklimate chamgampactsin Prince George:

Risk: Consequences of Inaction

Risk (scale of 1 to 5)

Forest Fires
Flooding
Extreme
Weather -
Response
Water Quality
and Quantity
Stresses of
Freeze Thaw
Erosion /
Landslides
Stormwater
Infrastructure
Utilities
Infrastructure
Transportation
Infrastructure
Extreme
Weather-
Transport
New Residents
and Business
Agriculture

Impacts

Figure 5-5 Workshop results for mean risk (consequenceof inaction) ratings for climate change
impacts.
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Risk: Likelhood and Timing of Impacts
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Figure 5-6 Workshop results for mean risk (likelihood and timing of impacts) ratings for climate

change impacts.
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Risk: Likelhood and Timing of Impacts
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Agriculture

[%]
[
=
L
—
n
[
=
(=)
[T

Water Quality
and Quantity
Transportation
Infrastructure
New Residents

Impacts

Figure 5-7 Workshop results for risk (consequences of inaction times likelihood and timing of
impacts) ratings for climate change impacts.

Sectors mosseriously affected by impacts
Table5-3 showsthe top 3 City sectors that stakeholdelentifiedshould be involved in

addressing each impaiote that many sectot®d. In the event of a tie botbectors are
included in one cell of the tahland separatewith ané& @)
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Table 5-3 Top sectos identified for addressing impacts in City Adaptation Workshop.

Picketts et al

IMPACTS

PRIORIT IZED CITY SERVICES TO ADDRESS

1st priority

2nd Priority

3rd Priority

Increased forest fres

Police, Fire and
Rescue Services

Real Estate and
Bylaw Services

Municipal Emegency
& Response

Increased fooding

Municipal Emergency
and Response

Police, Fire, and
Rescue Services

Long Range Planning

Extreme weather
eventsemergency
response

Municipal Emergency
and Response

Police, Fire, and
Rescue Services

Risk and Benefg

Threats to water

Environmental

quality and quantity Utilities Services Long Range Planning
Increased freezethaw
impacting Transportation Financial Services Fleeé:rr\l/(ijcgg pply
transportation

Erosion/landslides

Long Range Planning

Real Esate and Bylaw
Services &
Environmental
Services

Stormwater
infrastructure

Utilities

Financial Services

Transportation & Risk
and Benefits

Utilities i nfrastructure

Utilities

Municipal Emergency
and Response

Police, Fire, and
Rescue Services &
Financial Services &
Long Range Planning

Transportation
infrastructure

Transportation

Financial Services

Corp. Serv: Fleet and
Supply Services

Extreme weather
eventstransportation
& people

Transportation

Municipal Emergency
and Response

Police, Fireand
Rescue Services

Warmer temperatures
new residents and
businesses

Long Range Planning

Solid Waste Services
& Social Policy

Warmer temperatures
agriculture

Long Range Planning

Environmental

Services

Parks and Trails
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Implementation tools toaddress impacts:
Table5-4 shows the top implementation tdbhtstakeholders identified should address
each impact

Table 5-4 Top implementation tool in which City should address impacs identified in City
Adaptation Workshop.

TOP IMPLEMENTATION

IMPACTS TOOL
Increased brestfires ICSP(myPQ
Increased fooding ICSP(myPQ

Extreme weather events
emergency esponse

Annual Provisional Financial Plan

Threats to water quality and
guantity

ICSP(myPG

Stresses of freezehbiw

Asset Mngt. Performance Measure

Erosion/landslides

OoCP

Stresses ontermwater
infrastructure

Asset Mngt. Performance Measure

Stresses on utility nfrastructure

Asset Mngt. Performance Measure

Stresses onransportation

Annual Provisional Financial Plan

infrastructure
Extreme weather events
transportation & people ICSP(myPQ
Warmer temperatures-new
) ) OoCP
residents and lusinesses
Warmer temperatures- OCP

agriculture
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Results from addressing finpactscomments

Participantprovidedexcellentfeedback in the comment section on the back of the

matrix. More comments were provided for the impacts at the beginning of the list, as
many people ran out of time (although half of the participants were asked to comment on
the impacts tthe end of the list first). The comments areonporated into theestion 8

of this report whichfocuseson the individual impactsand should be examined further

by groupsaddressing these impacRlease refer to Appendix for a complete list of the
comments providely the participants

5.4. Smart Growth on the Ground Feedback

Smart Growth on the Ground (SGOG) is an integrated program administered by Smart
Growth BC that has worked with various communities across the Province (Maple Ridge,
Squamish, Grear Oliver and most recently Prince Geordgdje program guides
communities to develop more sustainable neighbourhood plans that incorporate the
principles of Smart Growth (SGOG 2009 part of an inlusive process, SGOG
facilitatedpractical researcim working towards a design charrette to create a concept
plan for PrincelSE&ERIOHe ds downt own

lan Picketts took advantage of the timing and the nature of the SGOG process to work
with the team to incorporate climate change adaptation as a centairthe project.

During thefirst SGOG learning everfvhich took placen November 2008) lan gave a
presentatioon climate change adaptitimat included an overview of climate trends and
projectionsSmat Growth was able to assi$tet dimate changedaptation research

effort by allowing for two detailed questions to be included in the evaluation fowthe
learningevens. In consultation with UNBQesearchers and experts at thiy,Ghe

following questions were included in the final evaluatioeeth

U 9.What are the climate change impacts that you think will affect Prince George
the most, and that the City should address in a climate change adaptation
strategy? Please check up to 5, and feel free to add you own impacts.

A Forestqsuch as incresed pest outbreaks A Forestfire risks

A Severe weather eventstorms, etc.) A Health issues

A Slopestability (landslides, erosion etc) A Affects to buildings

A Road conditions (freezihaw creating potholes, etc.) A Water shortages

A Storm-water capacity (overflow, etc) A Increased river flooding
A Agricultural changegie longer growing season) A Other:

A Water qualityproblems A Other:

A Need for more emergency services A Other:

U0 10.Please explain what worries you most aboudrojected changes in the climate
(ie warmer temperatures, more precipitation). WWhat you think the city should do
to adapt to future changes?
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Response was quite good, amtbtal & 74 members othe public answered the

adaptation questions. One potential source of error is that people who filled out the
evaluation on the second night did not hear
projections and impacté cursoryanalysis of he resultof the respondents on each

night showghat there was not a significant chamgé¢he answerbetween the two nights

(See appendik).

Additional information abouthe SGOG process attide feedback questiorsincluded
in appendixE.

Results
Results from Question 9

Figure 58 shows the results for the adaptation priorities (questiog from all of the

evaluation formsOnly 12 people wrotedow 6 ot her & | mpagcahdsnoneor ques
were indicated by more than one respondent. Thexefone of these impacts are

included in this analysis.

SGOG Event Participants' Evaluation of Climate Change Impacts
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Figure 5-8 Smart Growth on the Ground participants' indications of adaptation priorities.
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Results from Question 10

A total of 50 people wrote a responséhe operended question 10. Tiyeiestion was,
dPlease explain what worries you most about projected changes in the climate (i.e.
warmer temperatures, more precipitation). What you think the city should do to adapt to
future changesy

There was considerable variation in tlesponses tdits question. People relatetbas
about a wide range of topics from government bureaucracy to local agriculture to
recycling. The results were analyzed by categorizing the resp&veesafter a effort

to broady categorize the answetisere were still nearly as many categories as topics. A
large number of the responses were focused on climate change mitigation rather than
adaptation, and many responses were focused on broadepdaowssues. The greatest
number of adaptatierelated responses were: floods (four responses); transportation
(four responses); forest issues (three responses); climate refugees (two responses);
agriculture (three responses); biodiversity (two responaad)extreme weather (two
responses). Three respondents indicated that they were not worried about the affects of
climate changand that it should not be a priority for the CiDue to the wide variation

in the nature, length and tone of the responsegs\iieee nd analyzed in detail to inform
the final climate change adaptation priorities or discussion.

For a complete list of theesponses tquestion 10 please refer to Appendix F
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6. Analytical Framework of Research and Analysis

The puposeof this partnership between the City abdNBC is to identify an adaptation
strategy for Prince George. This has led to a number of different partnerships, workshops
and activitiesThere have also be@ther independemnitiatives that the City has taken
onfocusel on climate changadaptationas well as strategies to address individual
impacts Below is a briesummaryof thekey activities thaaire integrated into this
document

U ThedClimate Change in Prince Georgimmary of past trends and future
projection®reportby Pickettset al.(2009) inforns adaptation actionigy
providingimportantinformation about past climate changes and futlineate
projections.

U The PIBC workshop was designeducate planners and beginoutline a climate
change adaptation stegyfor Prince GeorgeAfter the workshop, it waapparent
that more research neededoe conducted directly with Citstakeholderso
inform a more specific strategy

U The CityAdaptationWorkshop was an outcome of the PIBC workshop. This
event was spefically tailored to inform the adaptation strategigh City staff.

U The work with SGOGprovidedan opportunity to begin to consider climate
change adaptation in the downtown ageadto gatter feedback from local
residentsabout adaptation priorities.

U The City of Prince George008QOL Survey has provided valuable community
feedbackabout climate change impacts and concerns

Different research methods have different strengths. Therefore it is reasonable to
conclude that combining different research mdthwill produce moreomprehensive
informationthan each indidual method would in isolatiofMorgan2006. The

activities listed above represent multiple sources of evidence for the adaptation priority
exercise. It is valuable togorporate the resultsf multiple relevantexerciseso adi

validity to theresearchgiven the inevitable strengths and shortcomings that are
associated with single method studidéisk 1979.

Although theCity AdaptationWorkshop, SGOG evengsd QOL surveyvere conducted
usingdifferentmethodologiesthey all involved stakeholders selecting and/or ranking

climate change impact priorities. Therefore the results of each of these cambered
andconsidered in the determination of the selection of the impact prioriti€sifare

George. This usage of multiple research methods eaafbrred to as triangulation,

whichi s broadly defined as Athe combinati on
phenomenoa(Denizen 1978: 291 )riangulation can be described asyachansm to

provide a more kdepth and balanced overview of a situation, and a way to crods che

data from multiple sources [Achteretall1 996 ; O6doonaghu2OaBgy. POl t
important method for contrasting and comparing differeabats of theame
situation6(Alrighteret al.1996 p. 115)The termdriangulatiodhas many different
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meaningsn academiaso it isoftenmore prudent to use terms such as convergence or
confirmation when referring to theonceptMorgan 2008.

In a broader sershisresearchutilizes the case study approggtith Prince George as

the case studyhich is justified on both practical and methodological grounds. The
deciding factor that determines whether or not research is a case study is if one is
examining a bundedsystem, or specific phenomen(®mith 1978). Case studies are
considered the most appropriate method for asking how or why questions about complex
social phenomena, and for understanding the role of process and context in affecting
change (Yin 1984)There are many dwebacks to a case study approatie tesearch

provides very little basifor scientific generalizatiomnd it is not easily transferable to

other situations and settings (Yin 1989). However, due to the large number of variables
thataf ect a communitiesdé ability to I mplement
sources of information used, the multitude and compl@fitiie variables, and the
objectiveto produce a holistic description of climate change adaptation measures, the
casestudy approach is deemed to be the most appropriate

A brief overview of the methodologies and analytical frameworkbefesearch
methodaused to identify the impact prioriti@sedescribed belowlhese will be otlined
in more detail in academjmapersdiscussing this research

6.1. Quality of Life survey

Thequestions in th@008 Prince George QOL survey were designed to inform the
upcominglCSP (myPGYor Prince Georgelhey were formed by a working group of
representatives from the City. A total of 6a&ople responded to the questionnaiiee
respondents were selected at random,5@8dwere femat, 46% were employed full

time and he mean gewas 54 (Nordin 2008)he outputs of the survey discussed in this
report areaquantitative assessment of fhablics 6 vi ews on.Thidmeansat e chan
that the resultsepresent theiews of the residents of ti@ity as a whole (A. Michalos

pers. omm.2009. The return rate for the survey gives error margins of plus or minus

four percentage points, 19 timest of 20. So, for example if 79% of respondents said

yes to a question, then it can be said that the figure represents between 75% and 83% of
the population of Prince Geor@dordin 2008).

No information was provided to the respondents about climaggeh or climate change

modelsto educate the participants amdyide them with information to inforrtheir

solutions. Stakeholders did not have the opportunity to create the impacts that they were

to evaluate, however there was a space forthemto indictot her 6 i mpact s. P ¢
weregiven five impacts to seleftom a list that was generated by the City of Prince

George in 2007. Respondents were permitted to indisateany impacts as they thought

were appropriate

The results used for analysism the QOL survey are the percentage of respondents who
indicated each of the impactsfo t he o6 How wi fflf eckti Mai aeceh&egeg
guestion. This is the most relevant impawestion for the City that was included in the

survey Thissurveyrpr esents a good overview of the pub
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climate change impacts. The only significant drawback is the relatively small number of
impacts that the participants had to select from. Comparing these results with the SGOG
survey will help tdill in some of these gaps

6.2. City Adaptation Workshop

The CityAdaptationworkshop wa a qualitativeresearch exercise that utilizesttis

groupsto generate impact priorities. Focus groupsaangethod oflata collection that
capitalizes on communicatioretween research participants to generate data. This is a
very useful tool to analyze what people think about a subject, as well as how people think
and why they think that way (Kitzinger 1994). The focus group method allows people to
work together to exple and clarify their views and opinions in greater depth than they
could in an interview setting. When there are good dynamics within a focus group, they
have the potential to take the research in new directions (Kitzinger 189@5actions
between the g@rticipants can enhance the data, the consistency of views can be quickly
assessedind thegroupnature of theexercise tends to be an enjoyable process (Patton
20(). Furthermorefocus groupsire appropriaté the research is in aexploratory

stage These groupprovide an effective tool early in the research pret¢esefine
frameworks (Hoggart et 2002).For these reasons focus groups were deemed to be the
most appropriate method to gather feedback from local experts in the workshop.

The particimnts were selected based on their knowledge of certain aspects of City

planning andperations, or expertise on climate charidgesworkshop was split into

four focusgroupsin such a way that each grobpd representation from differesgctors

sud as curent planning, long rangganning, operations and utilitie&pproximately

eight peoplaverein eachgroup which is an ideal sizior this type of researcfiPatton

2002. Participantsvere exposed to information abalitmnate change adaption in the

workshop i ntroduction, and about <climate chang
presentatioon past climate changes and future projecttortee workshop. Participants

were al so provi ded Clinmate Rharge id Priade Geomd t he repor
summary of padrends andutureprojection® (Pickettset al.2009)for their reference

two weeks before the workshop.

The facilitators of the focugroups were Elizabeth Henry and Joan Chess fromrdseF
BasinCouncil, and Robin Chang and lan Picketts from UNB@ of the facilitators

participated in the organizati and conceptualizatiaf the workshopandmet several

times beforghe workshop t@nsure consistency with information gathering fitbwen

focus groupsln each group, the facilitator started theatission by asking for different

impacts that the City would fackeading and open ended questions were used by

facilitators to continue the discussionsitne s s ar y . Prompt questions
the worst I mpacts possi bl & wgreused wh@diVhat i s mo
necessaryCareful planningand proper facilitation is cruci&b allow groups to

effectively share theideas and perceptions, and to encourage conversatiios/to

among the participants (Kruegamnd King1997)

The City Adaptation workshop continued on from the focus group sessions \wititra
evaluation that was developed based uporctreept of risk analysighetwo
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determinants for Risk that were evaluated by
and t i micnognds eagnude n ¢ dlseseaisk sdctiores eeérd adaptéd. from the

City of Chicago Adaptation guide (2008)hicago is a global leader in community

climate change adaptation. Chicago used the likelihood and consequence framework to

evaluate risk in suta way as to measure the probability of a predicted impact occurring

and the probable severity of the consequence associated with plaat.iffhis is

illustrated inFigure 6-1 below:

Risk = Likelihood x Consequences
High
@ L
U -
g Hig
=
o
<}
w
c
[=}
O
G
@
©
=
S
& Risk
= Priori
Low 4
Low » High
Likelihood

Figure 6-1 Climate changeimpact risk calculation methodology. Source City of Chicago 2008.

Prior to implementatiorthediscussion on risk evaluation ine chapterdAssessing key

vulnerabilities ad the risk fromdl mat e changed )ireportfCinatel PCC (200
Change2007: Impacts, Adaptation and Vulnerabilitgsessing key vulnerabilities and

the risk from Climate Ch n gnasbused to verify the risk framewoikhe framework

was also compared to another risk framework developed by the Allen Consulting Group

(2005) toidentifiy adaptation priorities for the Government of Australiais is

discussed imetail inAppendix G.

One key shortcoming of treet u disk frasnework is that it does not properly account
for positive impacts that may occur as a result of climassmge. The magnitude of
consequences risk scale doesproperly evaluat@otential positive benefitsuch as
increased agricultural capacity or economic opportuniti@éso does not properly
account for less certain impacts such as negative headtttsafiherefore it is important
to reconsider these poteatipositive impacts independentlyseparate studies, or as a
continuation of this work.
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6.3. Smart Growth on the Ground Event

Two questions idluded in theevaluationform of the SGOG workshops in Nember
2008was an effectivevay tocapitalize on an opportunity gathempublic feedback about
climate change impacts and adaptatibims is aqualitativestudy, asthe sample
populationis limited to the participants of the SGOG evdiiterefore the rests from

this type of researatannotbe usd to generalize with confidende the geneila

population (Patton 2002A more detailed research framework of the SGOG evaluation
is includedin appendix H.

In qualitative research, the sample selection hasfaund effect on the ultimate quality

of the research (Coyne 1997). It is difficult to accurately assess this sample group due to
thelimited amount of information describing the participafiserespondentsvere

almost entirely fronPrince Georgeandtheyhadd s el f sel ecteddé by el ect
in this eventandto answer the question$herefore it can be assumed ttiesepeople

are generally more concerned about climate change and its impacts tganetsd

public.

In order toget good aswers that can be analyzed, good questions have to be asked.
Questions must be clear, well worded and carefully thought through if they are to provide
adequate data (Payne 199 )tensive work was put into the questiond thare posed

on the evaluationand they were reviewed by many peopiéormation about climate

change adaptation and future climate projections was providddnP i c ket t s 6
presentationo the respondents on the first nigiithe event. As described ir&ion5.4,

and Appendix Hthe presentation did not lead to a significelminge n peopl es 6
responsebetweentte two nights

Al t hough these results give a good overview
change adaptation, this exercises some shortcoming$rom a reseah perspective

with regards tdhe participant selectio®ecause of these shortcomings, less weight will
beattributed to the final prioritiebased on this work. The results from this sample will

be used to add validity to the other results, or togoipinconsisencies for discussian

The results from this study are useful to help to fill in gaps that are present due to the
smallnumber of impacts respondentdfire QOLsurveyhad to select from.
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7. Climate Change Impact Categories

The results of edwexerciseare show bebw in an appropriate form for comparison:

Quality of Life survey results:

QOL Survey Results: How Climate Change Will Affect
Prince George
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Figure 7-1 Results from the quality of life survey to question: How will climate change affect Prince
George?

None of regular responses to the &6otherdo i mp
an independent i mpact (the two frequent ones
Thereforethey are not included in this analysis.
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Smart Growth on the Ground learning event evaluation

SGOG Event Participants' Evaluation of Climate Change Impacts
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Figure 7-2 Results from the Smart Growth on the Ground evaluation.
No 6otherd i mpact was mentioned wsBme than on

guestion 10 were either focused on mitigation or referring to impadta/éna included
in question 9Therefore they are not included in this analysis.
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City Adaptation W orkshop results:

Risk: Likelhood Times Consequence
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Figure 7-3 Results from the City Adaptation Workshop.

The results from the City Adaptation @kshop are the average percentage of the risk
scoreqthat participants ranked the impacts oyt ofit of thetotal possible scordhese
are the rankings obnthe wo types of risk (likelihood of occurrence and the
consguences of an occurrenagalltiplied together andonvered into a percentage
value bydivided by the total possible risk (five times fige25).Since none of regular
responses t o stwérespetificterioegh td beicmeped @stan independent
impactthey are not included in this analysis

7.1. Determining a List of Prioritized Impacts

Combining qualitative and quantitative methods together in a project is a particularly
effective way to stragthenresearch, as qualitative and quantitative methods have very
differentattributes Therefore this combination maximizes the ability to bring different
strengths together into a single research project (Md&@&8. The purpose of

conducting researdinom multiple studies is in the hopes of arriving at the same results.
If this occurs than it shows that the findings are more legitimate, as they are not a
function of a single methodology (Morgan 2006).

There are some formidable challenges to combigiraitative and quantitative research
and attempts to do so are often thwarted. This is because of the different paradigms
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associated with each, and the different set of assumptions that the two types of

researchers have about the world (Casebeer anad&fetB97) Thereforeresearchers

tend to favour one type ofiethodand discount thether. Howeverthere have been

books written andtudiescompletedabout successful integration thie two types of

research (particularly in the health sciences fig¢lthtcan beusel as amodel for this

exercisf Casebeer and Verhoef 1997; Jick.1979;

It is not possible talirectly compare the different results because they involve different
methods, stakeholdgrand background inforation.For example the PIBC and City
Adaptation vorkshops both featured a detailed climate information presentation based on
the PCIC work, the SGOG workshop had a brief overview of climate information, and
the respondents to the quality of life surwesre not provided witlanyinformationon

climate changeDifferentrespons@ptions were also presented to stadlders in

different exerciseghe City AdaptationWorkshop participants listed and pitezed their

own impactsthe SGOG questions respondantlicated up to five impacts from a list of

13; andthe QOLsurveyrespondents indicated as many impacts asghesfitto out of a

list of five.

This research follows a methodtaaingulationoutlined byMorgan (2006)called the
complementary method his method starts with an examination of phienary research
and then ges a secondary (and tertid@rgpplicable) study for discussion and
comparisonThe primary study ishe City Adaptation Workshop, thesecondary study is
the QOL surveyand the tdiary study is the SGOG evaluatiorherefore the qualitative
City Adaptation Workshop iexamined firstand therthe quantitative QOL surveyelps

to verify or guide the researcandfinally the qualitative SGOG results provides another
source of veritation Ideallyresearchersan conduct the qualitative research first and
then use the results for the quantitamgsessmerfMorgan 2006) If this was the case,
then the participants in the QOL survey would have been asked which of the impacts of
climate change that were identified in the City Adaptation workshop that theyhihou
would affect Prince George, and the SGOG respondents would havprbsented with
the samdist to choose fromHowever, due to the restraints on the research given the
timing of the different events, this was not possible.

7.2. Prioritized Impacts i Summary of Results
A summary otthe results from the thrgioritization exercises imcludedin Table #1:
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Table 7-1 Summary of impact prioritization exercise results

Picketts et al

SGOG Evaluation City Adaptation workshop QOL Survey
# of participants: n = 74 # of evaluators: n= 26 # of respondents: n =571
%that % of total % that
Impact selected Impact possible Impact seleted
impact risk rating impact
Forests 66.2 | Increased foresires | 61.6 Forestryfforest |/, 4
health
Increased river | o Increasedlboding 53.5 Rising water 60.6
flooding levels/flooding
Extreme weather
Road conditions| 54.1 eventsemergency 48.2 Extreme weather| 48.8
response
Forest fire risks 40.5 Th_r eats to water 45.1 Health problems | 46.3
guality and gantity
Health issues 35.1 Stresses ofréeze 404 Drought/water 371
thaw shortages

Severe weather

33.8 Erosion/landslides 39.9
events
- rmwater
Slope stability 29.7 .Sto ate 39.8
infrastructure
Stormwgter 28.4 Utilities infrastructure|  36.8
capacity
Water quality )16 Transportation 34.4
problems infrastructure
Aaricultural Extreme weather
9 17.6 eventstransportation|  33.3
changes
& people
Need for more Warmertemperatures
emergency 16.2 new residents and 14.7
senices businesses
q
Water shortages| 135 Warmer temperatures 14.0
agriculture

Affects to

buildings 12.2
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Finalization of Impact Categories

To put the priorities into one list, the impacts had to megdized into appropriate
categories firstThe sector&dentified inthe BC chapter of th&laturalResource€arada
Impacts and Aaptatiors report byWalker andSydneysmitH2008)wereused a
reference If the impac(s) identified or created in the exé&es clearlyfell within a
sector then the sector name was used as the imfpaictvas apparerthat the impat
should be more specific than at the level provided irctispteryor if it was not
discussedthan it was simply left as wasithined in theCity Adaptation Vrkshop

7.3. Climate Change Impact Priorities

To identify the final priorities, thessults from the City Adaptation exercise were
considered, and then referenced against the QOL sekirially, the SGOG research was
analyzedo identify any discrepancies and address any gaps that were present in the QOL
results Based on this analysis the final adaptation priorities are as follows:

Table 7-2: Prince Georgeadaptation priorities .

Level of Priority Impact
Top 1 Forests
Priorities 2 F|00ding
3 Transportation infrastructure
High
Priorities 4 Severe weather / emergency response
5 Water supply
_ 6 Slope stability
Medium 7 St "
Priorities ormwater
8 Buildings and Utilities
9 Health
Other -
Priorities 10 Agriculture
11 New Residents and Businesses

Top Priorities
These impacts were clearly identifiedthstop priorities in all of the assessment
exercises:

1. Forestsi forest health andfires:
City Adaptation Workshop: Increased foresiries: 61.6 risk rating
QOL Survey: Forestry forest lealth: 71.9% selected
SGOG evaluation Forests66.2% selected
Forestfire risks: 40.5% selected
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Discussion All three exercises had a forestgtated impacas the top priority for
adaptationor concern about climate change. The SG®&uatiorhad forestry

divided inb two impactswhich were thd* and 4" highest prioritiegor the
exerciseTherefore forestry is clearly tHest priority for adaptatiomamong the
stakeholders in athree exercses The mor e foestd err al us ed m 0
because it addressk®es and other important issues that are closely related to it

(such aghemountain pine beetle).

2. Flooding:
City Adaptation Workshop: Increased flooding: 53.5sk rating
QOL Suwey: Rising water levels/flooding: 60% selected
SGOG evaluation Increased river flooding: 62.2% seledt

Discussion the results of all three exercises indicated tivar flooding was the
second highest priority for adaptatjan concern aboutlimate changeTherefore
flooding isa top priority for adaptation based on the exercReser flooding
should not be confused with localized flooding causestdiyn events.
Stormwater runoff is an impact that is considered separately.

High Priorities
These nexpriorities were all ranked highly in the exercikes notasconsistentlas the

top priorities The author has provided rationale for the order in the discussion section,
however depending on the criterieeg couldbe considered to bia otherordes.

3. Transportation infrastructure :
City Adaptation Workshop: Stresses of freezéhaw: 40.4 risk rating
Streses on transportatiomfrastructure: 34.4 risk

rating
Extreme weatheitransportation & pople 33.3 risk
rating

QOL Survey: Not idertified as an impact

SGOG evaluation: Road conditions: 54% seleotd

Discussion Transportation was clearly a very high concern among the
participants of th€ity Adaptation Wrkshop errcise. There were three related
impact categorieglentified in thetop list of impacts, whickhows that it is an
importantpriority. This also shows that transportation is closely linked with
emergency response. This option was not included iQ@®lke surveyhowever
transportation was ranked & the responssfrom the SGOGevaluation with
over 50% of respondents indicating that road conditions were an impact of
concern.

65



Adapting to Climate Change in Prince George Picketts et al

4. Severe veather/ emergency response
City Adaptation Workshop: Extreme weatheremergencyasponse: 48.2 risk

rating
Extremeweather-transporation & people 33.3 risk
rating

QOL Survey: Extremeweather: 48.8% selead

SGOG evaluation: Severe weather events: 33.8% saldct

Discussion Emergency response and severe weather events are included as one
impact, as the increased need for emergeesponse is generally considered to

be in response to these evefasillustrated in the City Adaptatiow/orkshop

reaults). Extreme weathefremergency responseasthe 3% highest impact ranked

by the City Adaptation wrkshoprespondents, thé"highest impact chosen by

the QOL respondents atite 8" highest impacthosen by the SGOG

respondents.

5. Water supply:
City Adaptation Workshop: Threats tovaterquality andquantity: 45.1 risk

rating
QOL Survey: Drought /watershortage: 37.1% selesd
SGQGG evaluation: Waterquality problems: 21.6%elected

Watershortages: 13.5%elected

Discussion thequantityand quality of wateis closelyinterrelated and is
thereforeconsidered oi nt | y a s.dlhneasttoevater sjualppy@mdy 6
quantitypwasthe 4" highest rated impact in tt@ity AdaptationWorkshop, with

a score of 45.1A significant number of people (37.8%) indicated in the QOL
survey that water shortages were a concern, however it was the imp#ut that
least number of people selected.6% of SGOG respondents thought that water
guality was ariority and 13.5% thought that water shortagese of high

concern

Medium Priorities

These impacts can be considered moderate priorities for the City of Prince George, and
should beconsideredilong withthe top ad high priorities.

6. Slope stability.
City Adaptation Workshop: Erosion /landslides: 39.9 risk rating
QOL Survey: Not identified as an impact
SGOG evaluation: Slopestability: 29.7% seleed

Discussion Slope stability ranked csiderably in both th€ity Adaptation
Workshop and SGOG evaluation, and should be considered a moderate priority.
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7. Stormwater:
City Adaptation Workshop: Stresses ogormwaterinfrastructure: 39.8 risk

rating
QOL Survey: Not identified as an impact
SGQGG evaluation: stormwater capacity: 28.4% seledt

Discussion Stormwater is a significant issue that should be considered in a Prince
George adaptation stratedycreased stormwater runoff can cause severe erosion,
landslides, and localized flooding eis.

8. Buildingsand utilities:
City Adaptation Workshop: Stresses outility infrastructure: 36.8 risk rating
QOL Survey: Not identified as an impact
SGOG evaluation: Affects to buildings: 12.2% selext

Discussion Stresses on utilities infrastructuranked considerably in ti@ty
Adaptation Workshop. Howeer, buildings werenot identifiedas an impact in

this workshop. It also ramkl the lowest in the SGOG evaluatign should not be
considered to be a very high priortiBuildings were includedhi this impacts
becausaitilities is closely interrelated to both stormwater and water quality and
guantity, therefore many concerns will be addedss other higher priority
categories

Other priorities

These impacts are important priorities for the @it should be addressed in a climate
change adaptation strategy, however tiveyenot deemed to be of a high priortigsed

on this exerciserhis isbecause there is no emergencynomediatehigh risks associate
with these impactdt should be notechaat there are positive benefits associated with
some of these impacts that can be exploited to the benefit of Prince George. The risk
exercise in the City Addation Workshop was set up so that positive benefits nor
urgent issuewould not score as hig These issues warrant further research and
discussiorin partnership witlthe City.

9. Health:
City Adaptation Workshop: Not included as impact
QOL Survey: Health poblems: 46.3% selead
SGOG evaluation: Water quality poblems: 35.1% selead

Discussion Health was not setéed as a major impact in the City Adaptation
workshop so it is not included as a high prioritiis is largely due to the format
of the workshop and the emphasis on physical impacts to climate chartge. It
ranked 4'in the QOL surveyand %"in the SGOG evaluatiofTherefore thigan
be considered to bepmessing prioritythat warrants further research
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10. Agriculture :
City Adaptation Workshop: Warmer temperaturemyriculture: 14.0 risk rating
QOL Survey: Not identifiedas an impact
SGOG evaluation: Agricultural dhanges: 17.6% select

Discussion Agriculture is an important issue that should be considered in an
adaptation strategy. It did not rank particularly highly in@ity Adaptation
Workshop rating system beacse it does not pose any significant threat to human
life or short termhealth This is one impact that has many positive implications
that should be capitalized upon.

11.New residents and businesses
City Adaptation Workshop: Warmer temperaturésnewbusihnesses and people
14.7 risk rating
QOL Survey: Not identified as an impact
SGOG evaluation: Not identified as an impact

Discussion New residents and businessid not rank particularly highly in the
City AdaptationWorkshop rating system becausédaes not pose any significant
threat to human life or short term healttawever this is mother impact that has
positive implications that could be capitalized upon if properly planned for.
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8. Adaptation Actions

This chapter summarizes information abeath of thempact categories, and
recommendsctions for Prince George.

8.1. Forests

Background

The IPCC (200a) concludes that disturbances such as wildfire and insect outbreaks are
increasing and are likely to intensify in a warmer future with drier sodd@arger

growing seasong.he mean and variance of annual burned ar€amada has increased
significantly in recent years compared to the first half of the century (Rv@l2002).

In 2003 large fires swept through the southern interior of B.C ewetaly affected many
communities. This was the worst summer in recent years for B.C. forest fires, with over
2,500 fire starts and an dilme record number ofildland-urban interface firesThese
interface fires destroyed 334 homes, forced the evacuatié5 000 people, and resulted

in a total estimated cost of $700 000 000 (Filman 2004&ymer summer temperatures

are expected to continue to extend thedew of high fire ignition riskand substantially
increase the area that will be affected by dofges in Canada over the nedntury

(IPCC 2003). Prince George, which is often referred taasty within a forest, has the
potential to beseverely affected bihe impacts to forests brought upon by climate
change.

Climate change is expected tave significant effects on forest ecosystems in Canada in
numerous other waysesides forest firesmpinging on productivity, regeneration ability,
tree mortality and disturbance patterns (Singh and Wheaton. Ffitije conditions are
projected to becommore suitable for new species of plants and animals. This includes
invasive species that can cause considerable damage to ecosystems (Wikiaahson
2007). One noteworthy example of a temperature related affect to forests in BC is the
wide-scale mounta pine beetle infestation. This infestation is expected toriolte than
75% of the merchantable lodgepole pine volume in the proviiiten the nextdecade

(BC Ministry of Forests 2008 he large increase in fuel load in the forests from the
recent mantain pine beetle (Dendroctonus ponderosae) outbreak has greatly increased
the potential for forest fires to cause great damage in the provitmeriF2004).A

report prepared for the City of Prince George by Needoba and Bla¢R@@8) notehat
wildfire hazards decrease after the needles drop from dead trees, but increase
significantly years later when the affected trees fall over.

The amount of timber that can be harvested in the area around Prince Geptge (e
allowableannual cut) has been imased by over 25% in recent years. This has been done
in an effort to harvest pe beetle affected wood. Therease in Igging activity

exacerbates thdfects the beetle infestation is having on the hydrologic cycle by

removing trees (both living and @) from the environment (BGovernment\D).

Research has shown that beetle infestation results in more water reaching the forest floor,
changes in timing of snowmelts and less water being lost through traiospifdese
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changes all lead to greater flonsks in a catchmenand also decrease slope stability

and affect water qualit¢BC Ministry of the Environment 2008). (Work is ongoing at the
University of Washington to explore the combined impacts of mountain pine beetle and
forest harvestingn floodng.)

Figure 8-1 Prince George home surroundé—d by beetle affected forests. Source: City of Prince Gearge

A major initiative has been undertakerasgsess Vanderhqgdd C dr@nerability with
regards todrestry and climate changehis study was conducted by the Canadian Model
Forest Network, the McGregor Model Forest and the Canadian Forest Service, in
collaboration with the Municipality of Vanderhoof, and it was completed in 25iD8e
Vanderhoof is vigy close to Prince George geographically and shares a close relationship
with its forests, the case study is very relevanteport on the exercise Williamsonet
al. (2008) outlineghe interrelated nature of thffexcts of climate change on forestry:
6é climate change affects disturbance reg
communities and may affect several disturbance factors (e.g., fire, insects,
drought, windstorms) ahe same time. Moreover, thefisturbance factors
are interrelated. For example, 20tentury climate change contributed to the
unprecedented MPB outbreak in Vanderhoof and the surrounding area. The
resulting tree mortality is having immediate implications for susceptibility to
wildfires. Orce the dead needles drop, fsesceptibility iexpected to
decrease. However, if climate change results in warmer and drier conditions
in the future, wildfire activity is projected to once again increase. Thus, local
disturbancer el at ed i mpacts are interrelated, <co

The focus of tk report is on assessing thdnerability of forest based communities to
theimpacts of climate changasing Vanderhoof as the case study.

Figure8-2 from Williamsonet al.(2008) providesan overview of th@athwayghat

forest based communities arepatted by climate changéhe image illustrates that
many social factors (such as gdnd cultural traditions), economic factors (such as
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property assets and timber values) interrelate with environmental factors to impact
communities

Figure 8-2 Pathways for forest based community impacts to climate chang&ource Williamson et
al. 2007

An article byNatural Resources Canada (2008)entlyprovidedforestry related
predictions forvVanderhoof over the ne%0 yearsThe overview outlinethe following
impacts

Continued forest cover and increased forest productivity to 2050

A more variable timber supply in the nexti1® due to changes in forest policies;
A smaller forest industry onceebtleaffected wad is salvaged;

Higher harvest costs due to shorter winters (whigdhesmost cet-effective
harvesting season);

5. Greater susceptibility tiorest fires and

6. Increaseddrest disturbancesdm more frequent and intense weather events

rwbdPR

Perhaps most important{gs is illustrated by the predictiofe Vanderhoof study and
Figure8-2), the changgin forests in BQvill affect many communities at a social and
economic level. Many area@s Northern BChave a long history that isextricably

linked to their forests. This discussion is beyond the scope of this report, however it is
extremely important and needs to be considered in Prince George.
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