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limate change iz one of Canada’s biggest
' challenges as we head toward the

millennium. If we meet that challenge, it
wrill ensure the conbnued health of our planet
Chensnse fubire gpenerabions may suffer.

We Lnowar that the soience on climate change is
sound. Soienhsts from arownd the world agee that
ourclimate iz warming atan increasngly mpd @t
because of higher wolumes of greenhousze gaszes

entenng the abnosphes.

The Canada ountry Study prowdes another
important piece of knowledge on how climate
change could impact our commumnites across the country. Mot only does it
alert Canadians to what scienticts excpect will happen, it sugzests ways in
whirh Canadians can adapt to changes in climate. The Study also prowvides a
critical g repechive for charbing Canada’s fuhare.

The Canada Country Shudy helpz ws understand how o mpitalize on
ecoflorue opporhinites and enhance our somal well-being as we face this
challenge. In some cases, we hawe the answers. In others, further shady and
consulaton is required to forge the best stategies. Much work remains o he
done.

Chrerzoming the problem of chimate change will require a conce rhed effort.
[tiz immpemtve that Canadians are we l-infonmed when preparmng to respond
to the potential impacts of this phenomenon. Cnee Canadians understand the
implications, I am confident that they will take acton o safeguard our
envvirotument, health and economy for the benefit of owr children and
grandchildren.

[ wonld like to thank the many indiriduals who have contributed to the
Canada Country Shady Through your efforts, Canadians are better informed
about how they can take greater recponsddlity in ensunng owr conbinued

proosperity.

Christine 3. Steviart
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Basis

%  The Canada Country Study
results identify what we currently
know of possible impacts as a
consequence of projected changes in
climate and what we currently know
of adaptive responses. These results
are based on a review of existing
scientific and technical literature, the
nature of which is two-fold. Firstly,
this literature includes studies of the
sensitivity to and observed impacts of
past and current climate, and
secondly, it includes impact analyses
based on scenarios of future climate
change, mainly those projected by
general circulation models of the
atmosphere on the basis of a doubling
of atmospheric carbon dioxide and
assumptions reflecting our current
understanding of the global climate
system. As such, the identified
impacts should not be seen as
predictions but, rather, as indications
of sensitivities and vulnerabilities
associated with the projected change
in climate. The diversity of these
impacts and viable adaptation
options, in addition to reflecting
projected change in climate, reflect
the geographic breadth and the
environmental, economic and social
diversity of Canada.

Highlights

& Responding to the impacts of projected climate change in
Canada will be significantly complicated by the consequences
for Canada arising from those impacts projected for the
international community, particularly our trading partners
and competitors.

& The environmental, economic, and social costs associated
with the impacts of and adaptation to current climate in Canada
(including, for example, over a billion dollars annually in the
water sector alone) are large, and projected changes in climate
are expected to increase those costs.

& As Canada’s prosperity and well-being is strongly linked
to that of its natural ecosystems and water resources, the
responses of these to projected climate change will be critical
in deter-mining the environmental, economic and social costs
and benefits of climate change for Canada.

& The location, structure and functioning of terrestrial and
aquatic ecosystems would be altered as a result of expected
changes in relative season length, species distribution,
population, habitat, and competition between species, and
their capacity to adapt would be tested by the fast, possibly
irregular rate of warming.

& In addition to natural environmental influences, all socio-
economic sectors would be impacted through additional
stresses on physical and social infrastructure, ranging from
altered building and construction practices to adjustments in
health care to changes in subsistence lifestyles with their
reliance on local knowledge.

% When interpreting these results, the reader should be aware that confidence is higher in the hemispheric-
to-continental projections of climate change than in the regional projections, where confidence remains low.
It is also worth noting that the majority of the identified changes in climate and, therefore, the identified
impacts, are projected to occur over the next century, and that the average rate of warming would probably
be greater than any seen in the last 10,000 years. Furthermore, although future, unexpected, large and rapid
climate system changes (as have occurred in the past) are difficult to predict, future changes may also involve

"surprises™.
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Highlights

& Harvest levels in the agriculture, forestry and fisheries
sectors are sensitive to climate. Sustaining viable production
levels will depend on the capacity of these sectors to cope with
the projected rate of warming and changes in climate
variability, and the prospects of imperfect responses, as well as
their ability to counter projected decreases in water
availability and increased threats of competition, disease and
other disturbances (e.g., fire).

& Adaptive capacity to climate conditions has historically
been strong in such sectors as energy, transportation, and
recreation and tourism, but the rate of projected warming and
the prospects of future climate surprises would present
serious challenges to that capacity.

% Considering Canada’s vulnerability to extreme events,
projected changes in their occurrence and severity would have
serious ramifications for the security and integrity of our
natural resources, social systems, and infrastructure with
subsequent implications for the insurance industry and
supporting public sectors.

& In some cases projected climate change would have
positive impacts (e.g., longer growing season and lower
heating demand), which could provide adaptive opportunities
or could alleviate the pressures caused by other stresses (e.g.,
population change, other air issues, land-use alterations).

& Increased emphasis in climate impacts and adaptation
research on integrated assessment, on linking with sustainable
development research, and on involving stakeholders directly
in research is essential for addressing gaps in our current level
of understanding.

Basis

% The Canada Country Study
results identify what we currently
know of possible impacts as a
consequence of projected changes in
climate and what we currently know
of adaptive responses. These results
are based on a review of existing
scientific and technical literature, the
nature of which is two-fold. Firstly,
this literature includes studies of the
sensitivity to and observed impacts of
past and current climate, and
secondly, it includes impact analyses
based on scenarios of future climate
change, mainly those projected by
general circulation models of the
atmosphere on the basis of a doubling
of atmospheric carbon dioxide and
assumptions reflecting our current
understanding of the global climate
system. As such, the identified
impacts should not be seen as
predictions but, rather, as indications
of sensitivities and vulnerabilities
associated with the projected change
in climate. The diversity of these
impacts and viable adaptation
options, in addition to reflecting
projected change in climate, reflect
the geographic breadth and the
environmental, economic and social
diversity of Canada.

% When interpreting these results, the reader should be aware that confidence is higher in the hemispheric-
to-continental projections of climate change than in the regional projections, where confidence remains low.
It is also worth noting that the majority of the identified changes in climate and, therefore, the identified
impacts, are projected to occur over the next century, and that the average rate of warming would probably
be greater than any seen in the last 10,000 years. Furthermore, although future, unexpected, large and rapid
climate system changes (as have occurred in the past) are difficult to predict, future changes may also involve

"'surprises'.
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The Canada Country Study (CC5) Chimate Impacts and Adaptation i= a
natonal assesement of the potenbal impacts of climate change and wanabilaty,
mcluding considemtion of excting and potential adaptive responses. Inihal
efforts within the OC5 hawe focused on rewviewing esishng scienhfic and
technical literature through 26 commissioned studies that idenhify our curent
understanding of ampacts and adaptaton ophons from regional and natonal
perspectves. The result of thiz inthal work iz state-of-the-art infonmation on
the wvulnembility of Canada‘’s economie sectors, social well-being, and
ecological systems to projected changes in climate.

The rezulte of thic inthal azsezsment are published in eight CC35 wolumes -
sim regional wolumes (Arche, Atlante, Cwntanio, Facific and Tukon, Fraines,
and Cwébec), a nabonal sectoral wolume consishing of harelre papers
{agru:ulture built environment, energy, ficheries, forestry, human health,
msumnee, recreabion and tourism, transportation, u:uuanaged ecosysEms,
water resources, and we dands) and a cmss-cithing issues volume conzishing
of eight papers (changing landscapes, costs, domeste frade and commerce,
extra-territorial issues, extreme events, integrated air issues, 51:.5!11113]::1]11::,;
and o economies). The rezults are also summarized inzeven plain language
documents, one for each region and one atthe national lewel. The document
you are reading - the Mational Summary for Foliey Makers - prowides a digest
of the resulte in a fomm directed at policy and decision makers in both the
pitblic and private sactors.

iJimate may be thowghtofas a descoiphion of the avermges and extremeas in
weather for a parbcular location, Chimate = natumlly vanable ; from owr own
experienoe, e kiow thatone summer is often wanmer of wetter than another,
of one winter i= colder or snowner than anothe r. Such vanabality s normal, and
iz related to changes in ocean currents or sea-surface temperatures, woleanie
eruptons, alterations in the sun's output of energy or other features of the
climate system some of which are not yet fully understood . Our climate alo
mcludes extrermes @, floods, droughts, hail, tornadoes, and hurricanes)
gome of which can have devastating impacts on our natuml and socio-
ecotlorue structures and systems.
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During the past century,
the awverage annual global
climate has wammed by
about 0.FC. The associated
warming i Canada  has
amounted to approxamate Ly
1°C with fregional warahons
ranging  from  wamming  of
about 1.77C in the western
Morthwest Terntonies (MNAT),
to wamming of less than 1°C
over southern Canada, and to
a cooling of 03 C i extreme
eastern MWT., ‘Tempembires
are analymd with respect
to eleven bmoad climatic-
geog@Ephic regions. It should
be noted that not all regions
hawve data for the same penod
of ime with 1948 marking the

Arngal natioral ternperabure departures and longtermn frend, 1895- 1936
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earliest year of the period overwrhich reliable inte rregional companzons are feasdble. Owrerthe pasthalf
century, (Anada as a whole has also experenced inereased annual precipitation, consistent with the

global precipitabion trend.

Human actribies, primanly the burning of foszil fuels and changes in land wse and land cowver, are
mcreasing the abmosphe ric concentrahons of gree nhowse gazes, which alter madiatve balances and tend

to wamm the abmosphers, and,
i Fome fegions, asiosols,
which hawve an opposite effect
ont radiabiwe balances and
tend to cool the abmosphere.
Theze changes in greenhousze
cages and asrozolz, tEken
together, are projected to lead
to megional and  global
changas i temperaturs,
precipitation, and  other
climate wvariablez, which
could result in global changes
i1 zodl modsture , an increass in
global mean sea level, and the
prospects for more zewvere
extreme high tempemture
events, floods, and droughts
i some places

Joenanios of the potental
changes in climate have been
developed  wzing  sewveral

approaches including rensml

circulation models (GCWE) of
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the Farth's climate incorporabing increased con-
centations of atmospheric carbon dioeude. The
climate projections produced by the GCMs are
being used writh 1 ml:reasm.g confidence. Inportant
uncertainties remain, however, with confidence
beiny higher in the hemispheric-to-continental
grale projectons than in the regional projections
iz, uncertainties associated with the spatialand
temporal distobution of aemsols  greatl
mfunence regional projechons). Models in which
the Intergovernmental Fanel on Qdonate Change
(P C) has the greatest confdence project

ereater wanning of the land than of the zea
it1 winter;

mazimuim Furface wanming in higher
northern latitudes i winter;

little surface warming ower the frche in
SUITITLET;

an enhanced global mean hydrological
ojele; and

moreased precipitation and sod modshire in
high latitudes in the winter.

Based on the mnge of sensitivibe: of climate to
changez in the abmosphenc concentmbons of
gree tthouse gases and plawnzible changesz in
emizzions, climate models project that the mean
annual gln:-bal surface Empemture will increase
by betwean 1and 35 Chy the year 2100 and that
elobal mean zea lavel will rice by betieen 15and
P05 cm. The average m@te of wamming iz projected
to be greater than any seen in the last 10,000
years, althowgh the actual annual to decadal rate
wril]l include considerable natiml variability.

Considerable uncertainty femains ragarding
the implications of these changes for climate
wmariability and extremes. Models, howewrer
suggest an inecreaze in the occurrence of
extremely hot days and a decrease in the
oocurrence of extremely cold days. Thers iz
conzidemble confidence that wammer temp-
eraturez willlead toa more wgorows hydoologiml
oycle suggeshing possible changes in precipiaion
patterns in space and time which translate
mto the potental for more sewvere droughts
and/or floods i1 zome locations and less
gevere droughts and for floods in others. Seweral
studies zupport the ewmpectaton of more

ifitetise summer conwechwe stonms and mid-
lattude winter stonms.

Although changes emperienced could differ
substantially from the global mean value, the
climate of Canada i progcted t© change with
significant regional vanatons. A number of
factors, howewer, are contrbubing to the
wuncertminte s surrounding projechons of Canada’s
climate, including the inadequacies of regional-
smle climate projechons when considered ralatiee
to the zpahal scales of vanahility of natural and
socal systems of this country.

Canada iz ecologically, chimateally and socio-
economically  diverse. Becogmbon of this
diversity 1= eszsental o undersanding the
potental effects of climate change on regions and
sectors within Canada, and in formulating and

implementing wable response ophons.
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Tempemture and precipitaton, along iwrith
socio-economic achwty, play dominant roles in
the ecologiml patterns acrozs the country. The
current michire of managed and wnmanaged
ecosysiEms reflects thic influence and results in
differentiated physical cham@ecteristics  and
capacites to support wvegetation, wildlife and
gocio-2 conoric actirity, The strong link betaeen
Canada’s prosperity and well-being and that of
its natumal ecosystems iz well known and it i
expected that the ecosystem responses to climate
change will be significant in determining the
entvitonmental, social and economuic costs and
benefite of climate change for Canada.

Canada i1z the zecond largest country in the
wiorld but 1= sparsely populated, wnth most of it=
population concentrated along its zouthern
border. More than most industrialized nabions,
i“anada depends primanly on the land for 1=
ecororue and social well-being, with one in thres
workers employed direcy or mdirectly
agricultare, forestry, mining, energy production
and other energy intensive and land-bazed
arhvites. & profile of the Canadian economy az
shown by contrbution o otal GDF by wvarious
goCin-e conomie sectors prowides one indicator of
the relative importance of each sector to the
country as a whole.

iCanada’s prosperity and wellbeing are
affecttd by a number of changes and
development trends (e.z., population dynamies,
land-use changes, chaﬂgez i the global and
egional economy, air and water pollution,
conzumphion and technological  changes).
Climnate changs iz an addibonal factor that will
affect the ewolution and adaptabon of Canada’s
natumml and human systems. In the decades
ahead, it will act in combination with theze other
changes and frends, resuling i esther a negative
of p-:i;itive impact for a parbeular region or sector
of, i some cases, providing an opportunity that
could benefita partﬂ:ular region of Fechor.

In strucharing thic summary dooument, reculis

are presented in a mzmde from internabonal
throwgh to regional levels. Mationally, four broad
policy areas are ured o orgamee the results:

protectngy infrastruchare ibuilt enwiron-
ment, isurance);

mamtmining wh@nt industy  Energy,
tansporabony;

ensuring social we -being (hiuman
health, tourism and mecreation,

traditional life <tyle); and

susfining food and fibre pro-
duchon  (@griculture,  ficheries,
forestry).

The prarpose of gmupﬂ.ﬂg these in
sich a fashion iz to promote
itepration of impact as well az to
wlentify which sectors are lhikely to
influence different areaz of the
community, TWater and natural
rezources, reflecting their importance
as foundation blocks in the socio-
economic structure of the country,
are singled out for special note.

Char currentunderstanding of the
potenthal mpacts of climate change
ot Canada iz somewhat limited by
wuhcertminties  melated to koth
rarional-scale climate projechons
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and relationships between climate and ecological,
ecotiorue, and social systems.  fAoce phing such
limitations, the large wolume of scientfic and
technical liteature and the degree of agreement
found in it provide a reasonable lewel of
confidenoe in the sensibivity and wulne rab ity of
phyzical, biological and socio-econormic systems
to climate change and warability that are
progcted by the anada Country Study.

The lterature reviewed to produwce this
azzerament has wsed a mnge of 2000, seenanos
and sensihwity studies, az well as economic and
ecological models, therefore providing a broad
understanding of the zensibwties to changes in
climate and not just sensibvity to a 2C0g
climate. Althowrhmostof the lite ature revewed
has foeoused on a 2«C0 world, it i not
utireazonable o expect that some of the kinds of
impacte that are identified would begin to be
manifest before the atmospheric concentmtons
of CCh doubles. Itis alzo important to recognise
that 2=y 1z nota magie concentmhon and 1tz
likely that, unless acton 1= mken, 2cC0g 1nll be
passed on our way to even higher conce ntabions.

It should also be noted that results of many of
the impact stucies hawve tended to emphasize the
negative wmpacts of climate change. It i
recogtized, but poorly understood due o limited
rezearch, that climate change may hawe zome
benefits ez, reduced shress andfor pmoride
opportunities) for some regionssectors within

iZanmada or may have a neutrl effect on climate-
izensitive sectors. In this assessment, specific
attention hasbeen placed on providing asbalanced
1 picture as possible for Canada. The abowe Agure
ustrates hoowr important cm le may be. Atthe local
of ragiona lemle, coste or benefite may be la e, bt

az they are aggregated ower larpe srales, the
ma ghitude s of both tend o diminizh.

Infommation on adaptation ophions is, in
general, lesz often awvailable than re;ult of
climate change 11111::3-:13 TWhere such information
doez emzt, it 1= ofen subjechwe m nature.
Interpreting a region’s or sector’s adaptve
capacity should include ngorowus research on
social and cultuml acceptability, as well as
rezearch on the necesmry inshtubonal and
financial mechanisms to manage climate change.

Canada, ar a member of the g lobal cn:-nunumt:,.r
1z sensibive o potental impacts and responsezin
other countries. Theze zensibivities could hawe
immplications for Canada’s balance of tade and
foreign policy; internatonal relations and security,
ervvironmental refugees, and internatonal inance.

Forestry, fishenes, agriculture and energy are
four areas in which Canada has significant net
export positons.  All are natumal ecources for
which domestic and international produchwe
capacities and demand could be altersd by
progcted climate change, thus affecting 51.1.1:!1:!1}"
and demand patterns and internatonal prices.
While both agnoulhire and forestry have been
suggested as sectors mn which Canada’s ovemll
compettive posithon could improwve due to
climate change, this has not been convincingly
demonstrated as yet The eventual outcome with
rezpect to energy and ficheries ic aleo somewhat
uncertain. Much of the uncertainty here lies in



honar these resources within other cowntries 1anll
be affected and howr thoze natons respond.

fn improverment i Canada’s  esport
capability could hawve implications for Canada’s
foreign  poliey  posibon with  regand  to
miernatonal frade conventions; for erample, an
mereazed export capability could affect our
position on import baroers. Internatonal Anance
could also be affected by climate change az a
rezult of altered trade and commerce
relationships among natons.

Cotimertis hawe beent raised that differe ntiated
impacts on food growine mpacibes and water
rezoiroes as a mesult of projected changes in
climate could eracerbate esdstng  regional
conflicts and for possibly introdwee new conflicts.
Aleo of concern, 1= the possdality of inereaszed
diplomatic turmoi as tensions imcrease over
tanshoundary water management, control of
such waters as the MNorthwest Fasmge, air
polluton and international common property
such as marine fisheres siocks - all of which ame
sensitive to changes in climate. From a Canadian
perspective increased regional conflicts and
diplomatic turmoil could also lead to increaszed
demands for Canadian peacekesping as wellaza
heightened role conerning CAnadian security
]:'-:hmeghca]l}r, theze internatonal implicahons
raize coficerns related to the possibdity of
envronmental refugess migrabng to Canada
with subzequent implicatons for health and
social systems, as well az potential impacts on the
lIabowur market

There are significant implicatons for Canada
aza consequence of progcted changes in climate.
Almost cermmnly there wnll be impacts on
domestic trade and commerce although
their eract nature iz wunclear at this tme. For
example, climate change i= projected to moderate
the tempem@ture of the more northerly areas of
the  country, providing incenbwe  for
moreased commercial achvity thers, though a

P e~

significant migration of population northwand
geatns unlikaly.

Chr currentelimate iz wvariable and Canadians
and the economy react to it in different ways.
Thers are many eFamples of zuccessful
adaptation to climate, mnging from adopting
desipn codes, o developing and planting
appropriate types of wegetaton, to sitwating
buildings or roads in cerfin locatons, to
promoting specihe types of recreation activities,
and so on. Canadians spend billions of dollars
antually adapting o our currentclimate

WWhile zome parhal estimates of p-:-tenﬁal costs
have been made, these are limited i soope and
ramain uncertain or even speculatie.  Values
cited by the IPCC of zome percentage of GDF (1e.
1-2% of GO for developed countries assuming a
doubling of atmospheric carbon diomde by 2060
and a mean global waming of 257 reflect
predommately eshmates for the TS and
extrapolatons thereof. These walues chould not
be Aken azan eshmate of the aggregate potental
cost of climate change o Canada, howerer, as
thers iz considerable dizagreament about the
underlying studies and the appheability of their
mezults to other mepions. To date, estimates
downplay the incaloulable nzsk of costly
catastrophe scenanios and the poszsibility of
unanbcipated impacts, disregard the costs of
adapting to a changing climate and all but ignore
the social value of most non-market goods and
gerrces. £ a result a reasonable arpument
could be made o raize esishing estimates
sibstanhally

The ecoste of climate changs adaptbons are
expectecl to amsze from either technological,

envimonme tital or social conside mbons:

Technical adaptation includes many
engineered solubons such as building
dykes and sea walls, and preparing

building s and pipelines in pemmafrostareas
to wrthstand destabilization of the ground
supporing them.

Ervirommental adaptaton comprises the
recistribution and changing struchire of
fatural ecological systems. The costs
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aszociated with this zort of adaptation are
largely unknown.

# Social adaptaton costs are azsociated with
lozz or change in employment or lifestyle,
icluding dislocation, due to impacts wpon
nataral resources fe g, ficheries, forestry,
and agriculture) and our human systems.
Theze social impact notonly hawe Anancial
costs associated wiith them, but hawe
prychological impacts as a sanse of worth,
exteam and history are often atached tojob
of place.

Jomestic Operatlons for Sacur ly foroes

Canada'’s securnty forces are often called upon
to prowide assistance dwuring times of regional
and national dizasters.  Although there i
conziderable wncertainty arz o the nature of
changes in extreme weather events as a rezult of
climate changes, projected changes in the
frequency or severity of these swents could
lead o an increazed demand for military
assistance, such as i the case of the 1997
Fed Fiver flooding in southern Manitoba.
Thizs wiould result in increased costs for
domestic operations. In the Aarchie,
icreased surweillance, ssarch and rescue,
and other security forees’ achwibes related
to maintaining Canadian soversignty are
likely as a result of expected increaszes in
anceszibility amongst the Sroohie Islands and
through the Morthwest Fassage azsociated
with progctions of lezs severs we condihons
and somewhat less zewvere weather and
climate conditons on avemge.

r— -

Protecting Infrastructure

Canada’s infrastructure, both the wvarious
buildings and structures themselves as well as the
protection afforded them by insumnce, are affected
by the frequency, magnitude, and dumtion of
savere and extreme events az wella s the cumula tive
effects from daily climate conditions.

Bilidlng and bonsiructlon

The built enwvironment includes homes,
buildings, supporting infmstructure, oads,
ratlvays and enginesrmng structures such as
dykes and pipelines. Impacts from climate
change on the built environment could wnclude
changes in construchon requirements o deal
wiith an altered climate, changes in the frequency
and intenzity of floods and other exdreme avents,
and with progcted changes in land dability g,
landslides and permafrostmelting).
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£ Construction seazon: The length of the
swmmer construchon season 1= projected o
mcreaze while the length of the wanter
season oould decrease. While an adwantage
for southern Canada, a shortened whnter
geason in the Morth could create difheulty
for acceszs (due o projected decreazes in the
wability of winter roads) and for heawy
cotstriuchon idue to concerns regarding
distuthing zensibive tundra amas with

heawy equipment).
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Pemmafrost Inecreazes in fmost heawve, thawr
setement and slope instability associated
with progcted permafrost melhng could
negahwely affect the structuml integ oty
and design of northern structures and
construchion requare ments, mcludimng whlity
linez and pipelines. Foundaton condifons
are vulnerable in the Morth as peomafrost
thawrs, with differential e ttlement possibly
leading to changes in the inteprity of
structures, or even collapsze of buddings.
Thlity lines and pipelines may rupture.
Mining opembions might become easier,
butwaste dumps, milings dams, and water
diversion channels could be wulnerable,
poszihly leading to theuwr collapse and
wereased and expensive mamtenance.

Bulding zecunty/intepnty: Cost savings
from projected decreases in snowr loadings
ot building = and structures are poszsible in
soIme areds; however, projected increaszes in
wind and @in loading £ and in free ze / thaw

cyoles could have negatve tmpacts. The
stability of foundatons i of concern in
thoze areas where increazed winter minfall,
ereased freeme/thaw cycles and drier

summers are projected.

Flooding and other extreme events:
Although there remains considemmble
uncertinty regarding  poojechons  of
changes in flooding and other extreme
events, the potental implications of these
changes for buildings and construchon,
warm@Ent their consideration. The flooding
of lowr-lying homes, docks and port
facilibiesz, as well az stresses on water
distribubion and sswags systems assoriated
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with projected inecreases i sea lewel,
extrame m@min snow fall, and spring dce jams
Ofl fivers are a major concern. Parheulardy
vilne mble o change s in extrame events ars
electnicity transmission and uhlity lines
(due o changes m wind and 1ce loading),
bridge piers, and dams {dus to changes in
flood lewels and ice jams). Premature
structural Bilure due o deterioration ower
months and years could be accelerated
wrhere inereased occurrences of such things
arz temperatire extremes and frequency of
combined wind and rain are anticipated.

In many cazes, the current margin of zafety
biailt inbo the Matonal Building Code is expected
to be suffcient o maintain @fe and economaical
structures, given good workmanship and
materials and no sigmificant changes in
wariabibty. Adaplaton ophbons to  address
concerns related to structural mafety, az well az
enerzy conservaton and the minimization of life-
cyole costs of building and structures, include:

upgrading and /or mowing of facilibes and
structures Fuch as rwvenne flood control
systems];

strengthening of land use planning repu-
lations, parbicularly in damage-prone areas;

pevized design critenia and sibing whers
fiewr constructon iz wnvolwed to reflect
changing chimate condihons; and

coastal mne management that weighs the

mlatve merits of enginesred and natuml
solubions,

The mzumnce industry shows the greatest
mterestin catmstrophic events cuch as hurricanes,
tormadoes, wind, and hailstormes. Tt iz anticipated
that any change in the frequency or sewverity of
such extreme events will alter demandsz on
msumance for clam payments. Thiz in turn affects
msum@nee coverage and premiums under the
tadibional industry achsarial approach of “the
past iz the key o the fubire” . Of se rious concern
iz the possibility that abrupt climat change,
rezulting in more frequentclaims disasters, could
produce higher and more frequent claim
payments before adequate reserves are built up.
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Thusz the tmdihonal industryapproach would not
hawve enough tme to ke such changes into
account. The follownng fgpure dlustrates the
change in economie and insured losses owver the
past 35 years.

Froperty and cazualty insumnoe iz probably the
most wulnerable as inereases in the frequency
and/or severity of mtastrophes could produce
restrichons in iMSw@nce Ccoverdages, Premiuimn
iereazes, of any combination thereof. Sronger
bullding ocodes and their bether enforcement are

being adworated az means of reducing sensihvities.

fmong the consequencs s of these implicatons
to nsum@nee coverage may be greater public or
personal rezponsztbility to deal with nataral
disasters such as flood, drought, and wind
storms. In the Iraipes, it i anheoipated that
preminms in the agricultual = cior may need to
icrease, with changed availability and eligibility
criteria possible. Such restructuring may cause
additional financial strain on agricultire and
other sechors.

Basting and new enterprizes would be
adwerzely affected by reduced availability and
coverage, as well as increazed cost, acrosz all lines
of property and cazualty msum@nes in many parts
of (Anada. Thus there would be a potental
fiegative socio-economic impact. Fimnally, the
msum@nee secior itself could also be mmpacted in a
detrimental fashion by climate change due to the
depletion of reserms, reductions in wiable
market, and the rmestruchiring that would
fiaharally follor.

Climnate plags a key nole in the design and
long-term  wability of Canada’s  built
envronment. Chimate information, for examyple,
1z the basic of design wind and snow loads
contamned in the Mabhonal Buidding Code and
these load value s are updated from time to bme
based on the most recent climate data. To the
degree that the new data presents a more
accurate assessment of currentclimate wariahality,
the rizk of lozz in a future extreme eventic better
managed. Ih Howe Sound, Britich Columbia, for
example, heavy minstorms hawve cansed Hoods
containing slacial debris to ocour on the steep
slopes, destroying @il and highwa:,.r bridges,
damaging buiddings, even sweeping them o
the Sound, with mapr loss of life. Che such
meident in 1982 cauzed direct damages owver $1
million, while the accumulated incidents hawve
cauzed the BC Ministry of Highways to spend
over A0 million buiding defences. In addition to
exctre me ewvents, howe wer, clitmate on a day-to-day
bazic aleo hastens prematire failure of walls and
roofz, and gradwual losz of funchon of roads,
towrers, bridges and dams as a consequence of
interaction with wind and wind-borne rain, zolar
madiation, and pollutants. If these climate related
condibions were properly accounted for in

buiding design, %7 bidlion annually could be
zawed on vwall and moof renomation.



The mansfactanng, indestrial and non-
retewmble rezou ros extracton industries am dozely
interharined with the awmilability of appropriate
energy and tmnsportation. Progcted impacts of
climate change on Canada’s industnal sector are
pramarily related to possible cha nges i hea ting and
cooling demands, possble mmpheations from
greenhouse gases reducton requimments, as well
1z altered transportation a-wailability. For the
foreseeable futume, fosoil fuel wee ic expected to
remain domimant within the Canadian industrial
gector. The wiabiity of alternative sowrces of
enercy, swch as wind and solar will remain
sapsitive to clowd and wind regimes.

Demand: The industnal sector 1= the largest
etterzy wser in (Anada, accountng for 43% of the
tolal end-use enerry demand. Enercy demand
for the dustral sector 12 expected to mereass o
47 by 2020 thus remaiming the most important
enterzy wsef. The energy demands of the
residenhal sector are anhopated to decrease in
relative temms (from 17% of olalend-uze demand
m 19750 1T% i 2020 due to ampleme ntation of
energy efficient technologies and appliances
Energy demand profiles for heatng are expected
to decrease and for cooling are empected to
mcrease as a result of progcled inereazes in
temperature. It has been suggested that the
Praine agricwltural sector could experience
oreazes  in eflergy requirements to meet
progcted icreases in demands azsociated wath

irngaton, gram doying and haoreshing.
Jupply - Electricity: Hydro-electric gene mbion

potential 1= senzibive to cha.nge; i waber
availability and river flow regimes. Progchons of
water availability and flows suggest possible
icreases in genem@mhon potential in [abmador and
northern Cuébec, and possible decreases in
Ontano, the Praines, and southeastern Botich
Columbia. Tansmission lines ame sensibive to
storm-related owutages and, az such, concerns
hawe been raized regarding the securnity of thess
linez chould progcted changes in extreme avents
oocur. Particularly vulnemble are those industries
dependent on a susinable and wminterouphed
supply of electricity &g, aluminum produchon).
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Jupply - Fozsil fuels: Offshore odl and gas
opeatons in the MNorh could benefit from a
retreat 1 the southern ice boundary, but are
senzibive to more mtense and frequent estrame
storms projected as a resultof a potentially longer
open-water seazon. Pipeli.tle costs i the foche ars
likely to be more expensive due to the need to
address increazed penmafrost ins@bality. Costs for
wce-breaking tankers sghould be reduced.
Uncertainties are shll high enough, howewer, that
the pozitive impacts cannot be incorporated into
currentdesioen while negative smpacts have to be
mcluded due o the conzermtive approach
adopted by industry for fronbier achvibes. A a
consequence, there may be an increased cost for
frontier oil and gas opemtons in the short teom.
For coal muning opembions, increazed erosion and
landslides may be a concemn i mountmnous

areas, such as British Columbiia.

Historically, the energy industry has been able
to adapt firly successfully to changes in supply
and demand, and o fckle newr challe nges such az
the search forod and gas under ice-cowe red wa ters
through imnowbon, A a result, the adaphaton
capacity of the energy zector £ considered 1o be
high. Thiz capacity may be challenged, hownerer,
by the expected mte of climate clange and by
possihle surprizes. Suggested adaphwve responses
mclude altered design crtena, energy efficiency
and conservation, and the use n:-f altermatives Guch

az zolarand w:i.tu:l]l.

Land-based: It is expected that owerall land-
based transportation coste could be reduced dus
to zhorter and/or less harsh winters (more
efficient engine operation, less wamm-up tme,
shorter snow removal seasonsz although wrath
greater amounts dunng the winter zeazon in
some areas of the country). This 1= parbcularly
applicable for southern areasz of the country. In
the MNorth, however such as in the Mackenze
Basin, winter transporation costs may be raized
due t0 a reduced length of season for ice roads.
Progcted increaszes in penmafrost instability wall
likely lead to inwreased maintenance coste for
exichng all-weather roads and railbeds

Marine: The chipping seazon could lengthen
for areas currently characterimed by cea ice for all
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of part of the year, such az Hudson Bay and the
western and central Arche, and marine design
fieed s related to sea ice may be relamed. Projected
gea-lewel rise wrill genemlly contribute to deeper
drafts i1 marine hatbours and channels, but
cotld lead to significant damage to coaztal
support infmstruchire i Atantic and Archic
Canada. The potential of inereazed stonm achirity
has raized concerns megarding the necessity of
icreased nawgational aid support.

Frechwater: Althowrh longer open-water
seazons are possible, projected reduchon of water
levels oould tranclate into significant, negatiwe
impacts for commercial navigation on major
rivers and lakes, such as the Creat Iakes - St
Lawrrence Piver cystem. On the Mackenme Piver,
the barge season oould lengthen by as much az
4}, but navigation may be more difficult with
the projected lower water lewels.

£ir: The imypacts on air trawel hawe not been
rigoroisly investicated ; howewrer, it i sugpested
that awation would be more senstime o climate
change than any other mode of transportation.
Inclement weather cawuses delays for Canadian
aitlines that cost more than $81 million i 19581
due to disrupted flichte. For smaller atreraft,
lotger seasons for the opermbon of float planes
are likely, with cofvmersely shorter seasons for
st and ioe landing stripe.

SJocial well-being may be measured by such
cot-siderations as the lewel of human health,
access o recreation and tourism, and the sense of
self engen-dered by wocation. The entire range of
climate elements influences all aspects of our
enpjmentof life.

iJlimate change iz ikely to hawve wide-mnging
and mostly adwverse impacts on human health.
Theze mmpacts would arise by both digect
pathways (e.g., exposure to changes in thermal
stress and to changes in extreme events) and
direct pathwayz (e, increazes in some air
pollutants, pollens and mold spores, malnutrition,
mereases in the potental tAnanisson of wector-
bome and water borne diseases, and stresses on

the generml public health infrastructuoe).

Vancouver land, the Lower BiZ Mainland
and the Frazer Yalley wwere pamalyzed betaeen
December X, 1996 and [anuary 3, 1997 wnth a
senes of brutal winter storms that left up to 35
ctt of  snow  The accuwmulabon  was
unprecedanted for this region and the 24 hr 30l
of 645 an at Victoria Intemmational fuarport was
the 3d highest snowdfall, in a major city, in
Canadian history. Downdown Wictonia received
30 cm during the same tme period.

The emvironmental impact that resuled
cluded mazowe releazes of untreated sewmge
into the rivers and oceans. Setors that wen
heawily impacted during Stomm "4 wwere:
Hortewlture, Other Afgriculture Operatons,
Marinaz, MWicking fir, The Public Seciog
Structural Damage o the Buwlt Environment and
Tansportaton.

Eronomacally, the losses are curmently
eztimated at $2000. The diaggmam below
llustrates these losses in comparzon with the

lozzes expenenced dunng the Saguenay Flood in
19%6and the Edmonton tornado 1587

If mechanians oould be developed to awert
even 10 of the negative impact experianced
during this event the savings wiould be in the
mange of § 20N




Potential direct health impacts of climate
changs:

Thermal artremes - The young, the elderly
the frail, and the ill, especially those inlarge
uthan areas, are parbculady susce phible to
progcted mcreases in the frequency and
severity of heat wawes If tem pe ratures
wamm as projected, sensitive populations in
utbamized areas in southeastern Onfario
and southern OQufbec could experience
increased incidence of heat-ralated illnesces
and death.

Edreme events - Althowrh impact on
extreme events are somewhat uncertain, an
morease in the frequency and zeverity of
extrame events may lead to: (@) increases in
deaths, inunes, infectious diseazes, and
strezz-melated dizorders; and dblincreaze s in
other adwerse health effects associated with
social dizruphon and environmentally-
forced  migration. A recent extreme
precipifation event was partly responsible
fora 1925 outbreak of toroplasmosis in the
capital reg ional district of Britich Columbia.

Potenbal indirect health impacts of climate
change:

Infectious dizeases - It has been suggrested
that western equine encephalibis, sastern
equme encephalitic, and the snowshoe hare
virus could erpand their mngesin Canada.
Malaria could potenbally return to
southern Canada and the amea i which
populatons are susceptble to dengue and
yellowr fewer may extend northwarnd into
Canada. Ctherdizeaszes whichmay increass
their geographic distribution /inecidenee
clude hearbworm, Lyme disease, Focky
Mountain Fpothed Fewer, and hantawirus,

Pespimatory disorders - rojected inemeaszes
i temperatire could affect the seazonality
of certain respimtory disorders and could
ex@cetbate air polluton i both urban and
riural areas, and thus accentuate Eepimtory

dizorders.

Envirommental contamination - Olneszes,
related to enwvironmental contamination

(gg. by DBacidlus anthracis), water
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contaminabion &g, by Gardia, Crypto-
sporivm, Lepiospim, and sea-food tomins),
and reduced water quality {e g by
pamzites), are progpcted o experience an
wereased cide nee,

fddibional health smpacts might result from
changes in water quanhty, nutnhonal health &g,
dietary changes rezuliing from shafts in mig@Etnry
patterns and abundance of indigenous food
sources), weather-related  accidents, and
mcreased numbers of envrommental refugess.

Summer: The sununer outdoor recreational
geazon 1f hikely to be exended, reculting i an
wereased demand for summer recreabional
facilites. Sea-lewel rise could reduce beach area
i zome places and result in  increaszed
maintenance costs. Progcted lower water lewels
i1 fregshwater lakes and riwvers could fesult in
exishng recreational facilities being located
farther from the thore. In some ameas the lower
frechwrater lewels combined with the wanmer
temperatiures may cause inereased algal groarth,
thus impairing the recreabional experience and
water gquality  Frojechons of imereazes in
temperature may lengthen the summer sports
seasonz across Canada ey, the zoling zeasonin
iugbec may be extended by up o 3to 4 weeks)
Recreational fishing, hunting for game and
wate rfowl and bird-watching are also likely o be
mmpacted as fich and wildlife may be dizplaced
due to habitatlozs or increased competiton.

Winter: Cutdoor recreation activities may
hawve a chorter season (eg., 1e fching, where
lezzer ice thicktiess will become a concern),
expecially in more southerly latitudes. 3 resorts
may hawe to rely increasingly on arbficial snowe-
making to maimmtain a wable industry presence in
the south.

[People may be expected to adapt o changing
climate  condibions by  using  alternative
recreational locations, reducing or stopping
participation, and substhating achwities. The
recreation and touriem industry may be able to
adapt by: creating a capacity for flesability in
locating facilihes; aking advantage of advances
i equipment te::hnu:-ln:-g:,.r, and diversifying,
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mcluding providing a nuwmber of recreational
alternatiwes hawing a range of climahe
requiraments and sensihwbes.

Jkiing iz influenced by climate, with
tempemture and precipitation amount being
imporant controls on the seazon length for and
the quality of sking. In zouthern Ontario,
unuzually mild weather during the cntical
ihristmas season can be enowgh o mfnence the
success of the enbire shung zeason. When such
cotditions occurred in the whinter of 15731930,
losses in direct recreational expenditures in the
south Georgian Bay region were about $10
million.

Industry adaptation has mcluded inwestment
i snowr making equipenent which can improe
marginal conditions and extend the season,
althowugh it has ite owmn tempembire limitations.
Jome operators diversify their facilities oo that
poof skitng seasons can be compensated for by
moome from achwibes such az goling dunng
other seazons of the year
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The subsistence economic zector thunting,
tapping, fishing) i worth about $15,000 per
household annually in the foctie and about half
that in the subarctic and often prowdes up o half
of the totallocal economy. For indigenons people,
the role of subsistence lifestyles in mamtaining a
genize of zelf and of connechon o hentags i
equally important. Subsiztence lwng depends
upon both the availability and distobution of

wildlife and related resources, and the usze of
tmdibonal knowledge and local adaptations o
environmenta ] condihons. Matumal ecosypstemsare
wulnerable o projected climate change wnth
consequent changes possible in thesr location,
habita t characterishics, and species composbon.
f5 a rezult, subsistence patte s (locations, hming,
type of zame) and the susainability of subsistence
lifectyles are also wulnemble . At presant, relia nee
ot taditonal knowledge and local adaph hons
penerally emables jyear-to-year wvarmhons in
environmental condibons o be managed. The
pace of anbicipated dimate changs compounded
by other changes may, howewver, confound the
iforementioned measures needed for dealing
successfully with the projected impacts.

friculture, fisheries, and forestry play a
sigrificant role i Canada’s economic well-being
and hawve wial, sometimes defining, regional roles
i the country’s economic and social strachare.
The zocial and cultural values of thess resources
to Canadian lifestyles and the walue of the
azsociated ecosystems are difficult to quan tify but
are central to the owerall wellbeingy of this
country. Climate in terms of air tempemathire and
the availability of adequate water, az well az
through it impact on pest, dizeazes and
competitors, iz crucial o defiming wability of
these resources and iz empected to remain o
under projected changes in chimate.

£n imporant dimension o the relabionship
betwreen climate and agriculture i the wide mnge
of conditions for agricultural production exsting
i different regionz.  Theze differences are
reflectad in the projected impacts:

Crop development:  The rate  of
development of zmin crops i progected o
morease, writh the tme bebamen seeding
and harvesting being reduced f2g,
raduced by up to 3 weeks in most regions
for spring-zeeded cereals and coarse



rainz). In northern regions, the inereazed
development rate could reduce the risk of
frost-indurced crop mjury.

Tields: In the Paines, spring-seeded cereal
yields are projected o decrease in the west
and mcrease in the east Ontaro and
Cugbec are projeckEd o experience
similarly wvarable results emcept that
northern areas may experence increazed
production especially for com. In both the
Atlantic region and British Columbia,
moreased prain yield potenhal o foreseen,
but realimmtion of thiz potental iz likely
dependent on increazed irrigation. In the
Peare Fiver area, posibwe impacts on cereal
yields are expecte-:l o be confounded by
mcrfedses i orop moishire stresz and
aocelemted crop maturation. Chlseed juelds
may be genemmlly reduced in Canada,
although the effects may poszbly be offset
by northern expansion of the area capable
of odseed production.

Land capability: The Peace Fiver region and
northern agriculhinl areaz in Ontario and
Chtéber could see some espansion of the
land area suttable for commercial crop
producton. Agrcultuml op portunities may
develop in the southern Tulon and the lower
Mackenme Fiver area, but they are not
expected to be subsantial The area suihble
for growing fruat and wegetables could

expand bejond current southermn locations in
Ciébec, Onfario and British Columbida.

Livestock: For the western DPrairies,
mereased suwmmer stesz on lwvestock iz
plausible due to dry pastures and poor feed

production, while reduced oold strezs in
writiter iz likely.

Eronomics: Limited studie s of the economie
mmpacts of clhimate change suggest that
there will be zubstantal variatons at the
stb-provincial or sub-regional levels with
the potenhal for mcreased vanabdity n
annual famm profits.

There iz a strong consensus that progcted
changes in chimate could result in longer and
wanmer frostfree penods across Canada and,
thereby, renerally enhance themmal regimes for
commerodal agricilture . These changes in agm-
climatic conditions are not expected to impact
egions of an equal basis, with the longest
extensions of the frostfree zeason espected in
Eantic Tanada. The extent © which thesze
longer and wammer frost-free zeazons maght
benefit Canada, however, will in all likelihood be
diminizhed by lezs zoil modsture in all regions
and under all climate change projechons. Hence,
it iz ecrucial that all aszessments of the
mplicatons of climatic change for Canadian
agriculhure take account of the possdbility of both
fiegative and posibee impacts on agro-climatic
proope rhes.

The aszezsment of adaptaton stategies has
focuzed mainly on the Prairies or the boundaries
of Canadian agnculture as defined by the current
climate {where appropriate zods may limat
expansion). Adaptation ophons include delaying
the onzet and mte of climate change through the
reduchon of greenhouse emissions wsing aliered
crop mires and cropping prachices or copiy with
and adaphing o climate change by spreading the
rizks, reducing the potential occurrence E.tld_u"l:ii'
magnitude of ﬂegatu.fe 1.1:1:1.1:!3.!215 capitalimne o
fiewr "opportunites” arcinge from climate n:haﬂge
and dewveloping approprate rezearch and
eduration progmams.

fdaphre measures at the farm or local lewel
mclude: switching to different culbvars or
mtrodwcing higher value field crope; mmcreaszed
wze of iwngation; and diversihmtion of farming
mix o include more livestock. &t the regional or
national lewel, adaptation approaches could
mclude: altered subsidy stouctures to reflect
achial climate rick; crop assisAnce prog@Ems
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linked fo soi consermbon; and stengthened
riural educaton progmms to  encourage
sustamnable land wse prachees.

Mozt studies to date, howewer, have not
genemlly addressed the economic feastality of
such adaptton ophons nor the ability or
willingnezs of the Aom community to undertake
them.

Taeific manne: Decreazed and mome
varable sustinakle harvests are projected
for zouthern salmon populatons. Facific
cod abundance iz aleo projected to he
reduced. Increazed, more consistent
sustamable harvests are anbeipated for
northern mlmon populabons, with sockeye
salmon mostvulnerahle.

Btlantic marne: Chwerall zustainable
harme s from coastal and estuarine waters
could decreaze due to projected decreases
i frechwater discharre and consequent
declines i ecosystem  productivity.
Widespread changes in  zustainable
harrestz, locatons of fishing rrounds, and
efficie neies of fiching gear for many species
are plausible due to complex and likely
unpredictable change s in the ocean currents
that shape offshore marine habiats and
mig@aton patems.

Arctic marine: Increases in sustainable
harvests are progcted for most fish
populatons, due to increased ecosystem
productimty as shonking ice cover permits
greater futrient recyeling.

Jouthern  frechwater: There may be
decreases i sustainable hanmests for mangy
of these ficheries duwe to declining water
levels in lakes, dechrning flow mbes n
streams, and reduchons in natnentloading
and recycling for many lakes and streams
on the Canadian Shield. The proportion of
the ovemll sustminable harrest comprized
of waluable cold water fish, including
species such as trout, whitefich, and
grayling, could be reduced.

Marthern freshwater: Inereaszes  in
sustainable harwests are progpcted for most
northern frashwater fish species, due o
longer, warmer growing seasons and
melatively small changes in water lewels,
Potenhally there 1wl also be an inereass
the diversity of fish species that can be
harvested susminably dus to projected
icreazes i the diversity of thermal
habitate awailable to support species
currenly limited o more southerly ranges.

The daily actiwites that sustain the life of
idiwidual ish {ep., feeding, predator avoidance,
body maintenance and growth) and the seasonal
achwities that maintain the existence of
populatons jeg., gonad dewvelopment, repro-
duction, parental care) are all strong ly effected by
the annual pattern of water Emperatures thathsh
expenence. For fsh, the temperature tolemnce
zones for suomval, growth and reproduction are
species-specific charactenstics.

Concerns have been exprezsed that pooling
and averaging of impact can hide smaller srale
iequities and that responses at the lareer seale
alone may nothe sufficient. In addibion, fizheres
adaptation options identified, for the most part,
hawe been wsed previously in response to other
environmental or wse changes and each has
limitationsz, typically assuming orderly changs.
£z zuch, considerations in the development of
adaptlation ophions mnclude:

meoogtibon of the possibdity of an
wcreased rate of change and the potental
of surprizes;

need for close tes with sustainable
ecosystEm use objectves; and

need for responses at the local lewel to
mitimizme tegative dmpacts and maximise
gains while anming for a net gain owerall
(ie., address concerns that pooling and
awveraging may hide inequihes).

hanges are projected in the growth and
regensration @mpacity of forests in many regions
of Canada. In some cases, thiz could alter the
funchoning and compositons of forests with
implications for associated natural ecosystems



and the long-term susbminability of the forest
products market.

Forast regime: Generally, az a mesult of
progcted changes i chmate, Canadian forests
could experience mnereased drought stress, an
mcrease i frequency and seve ity of fire, increase
i wegeahon growth mes, and poEenhally more
frequent and severe stomms and wind damage in
coastal areas. Fomests ame erpected to shaft
northward (@and to higher albtudes), but
expansion may be limited by the ability of species
to migrate. Some species may become extbinet at
the edges of their current range as more
competitive species move i from the south and
fiorthern expansion i= cuthed by geographical
and anthropogenic obstacles. The boreal forest
ifor erample) 1= expected to undergo an extensive
reduction in size. CGasslands and tempermate
deciduous specier may wmvade from the south
and northern erpanzion of the boreal forest iz
limited by poor soils, pennafrostand inzufhcient
sunishine amounts. Forest structure of the Facific
northwest 1= expected to remain similar to the
present with richness in species diverzity
compensating for mndiwdual species migration.
Wildlife habitat and natuml reserves may suffer
due o a lack of connectiwity and the imbalance
betaeen habatat and climate created by climate
changs.

Forest industry: WWhile an increased potenhal
harvest lewel appears favoured @t least
mdirectly) by projected tempemture lewels for
i“anada, losses due to possible forest decline and
modified fire and inzect regimes, as well az
drought strezs i some areas, could challenge the
adaptive capacity of the industry This seems
likely to be the case where long-run sustainable
yield lavels are considered. Az a consequence, the
owerall impacton the Canadian forest mndustoy iz

expected to vary by regions.

The adaptability of the forestry sector iz
dependent on  the industry’s ability and
willingness to adapt to whatever species do
prevail az a consequence of cimate change, to
salwage-cut dying stands, o plant cut areas with
species betier adapted to the altered climate, and

to move o locahonsz where mesowurces are moe
plentiful. Confidence in the industry's abiity to
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adapt iz, in part, a reflecton of the expectation
that future impacts wrill be simply extensions of
the types of condibons currently dealt wnth - that
1z, same problems, different locabons and extent
Sdaptation, i addibion to considering the social
and envirommental costs, will feed to address
concerns fegarding erosystem sustamability (e.g.,
imcreaziy  forest  landscapes t©  reduce
fagmentation and maintEimng mig@Ebon
cofridors, and managing sands and landscapes
to reduce crown and lange area fres).

Both directly and indirectly, nature and society
relyon water. WWater ic the foundation for species
existenice and 15 a lomitng factor, along with
temperature and sunbeht, for species and
ecosysterm distributbon.  Almost ewverything
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humansz rely on iz somehow dependent upon
water Mot only must we donk water and eat
foods whose growrth and productnty depend on
sufficient water, but water aleo plays a centml
role i many economic and societal funchons as

sugg eshed by the diapmm abowe.

In many parts of Canada there are conflichng
demands for water which could be exacethated
by projected changes in climate. It has been
suggested that improved management of water
mfrastruchire and demand-zide management of
wate r supply hawe the potential o mitlgate sOMLe
of the impacts of confliching and mereasing water
demands. Sectomal adaphwe stratepies to climate
changs should include considemabon of the many
and competing demands for water g, natuml
ecosyshems, municipalibies, manufacturers,
ecreation and bounsm, agriculturs, h_',.r-:lr-:u-
electric genembon and the requirements of the
United States). For erample, the agneoulture
sector on the Praines has wentified an expected
icrease in the need to wrnigate crops in response
to projected changes in climate. Irrigation
requires capital investments and a sufficient
supply of water. With a I:mjected reduchon
awerall available wrater in this regin:-ﬂ it may not
be realishic to expect that ihereased iorig abion will
be a wable adaptahon strategy for agnculturs.

Canadians spend over a bibon dollars per
year i the water resources sector adaphing to
current clumate conditons, These adaptahons
iticlude the constructon of dams, sewers,
drainage ditches, floodways, and other
infrastructure. Adapting to climate change that
mcludes  a  potentially  more wgorous
hydrological oyele will likely inerease thess
expenditures substantally.

Terrestrial: Flant growth 1= ewmgpected to
morease on average, VWhere natuml ecosystems
are fapmented with patches linked by corndors,
further dizruptions and land-cowver changes could
gever these links, rcausing ewven greater
fagmentation and consequent disruphon of
migation pathways. The boundares of the

manges of emsting wegetative and wildlife species
could shift to higher latitades and higher
elevations, including the imsion of southern or
lonare £ elevation species, rerpechvely. This reflects
an expected northward shuft i the ecoclimatic
regions, az well ar a change in their relabive zie
and compozition. Wildlife and biodiversity,
currently reflechwe of esashing conditons, are
rulneable  under projected changes in
tempermtures, habifat loss or degradation,
changes in food abundance or awvailability, and
changes in predabion rates, parasies and
diseases. Foresample, Canada’s tundm area may
shrink by more than 30 of ite current sim, =
that it may be confined mamnly to the glands
north of the Arche mainland, and it vegetatwe
contentwould likely change in response to snoar
cover and =oid modsture changes. High Arche
FPeary carbow and muskoren may become
extinet, while mainland carbou would come
under sipnificant stress. & real concern iz the
capacity for terrestrial species to adaptto a rate of
climate change that iz anbicipated tobe faster than
any ermperienced hictorically. Bn addibonal
impact of a warmer tundra region i imereazed
cathon dioxide and methane emissions as
permafrozt melts, thus amplifying projected
climate changs.

TWetlands: Tetlands are a cribeal resource
providing habitat for species (including some of
i“anada’s rare, threatened, or endangered ones),
storage for atmospheric cartbon, nutrient and
mine @l cycling, water purification, and natual
flood control. The most important waterfowl

~xo
L}

breeding area in Morth Amernca i the Praines
wetland area, while the Creat Lakes prowide
imporant migaton and saging habifats.
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£z a consequence of chmate change, semi-
permanent wetands may change from open-
water dominated baxns to wegetated areasz and
wetland salinity could increase significantly.
Where lowered water lewvel iz the mapr ampact,
waterfowl habitat may be significantly altered
both in quantity and quality. Cheer a third of the
wetlands i Canada’s parkland region may
shonk under wanmer temperatures despite
imereased precipitation; the impact i= expected to
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be less savere in the gmszland region. Thers iz
some pozsibility that praire wetands may
expand northward offsething zome of the
anbripated losses in other parts of the region.

fiquatie: Many fish species in lakes and
streamsz are likely o shift northward by about 150
km for every 1°C nise in temperatire; as a result,
freshwater habitat for some key aguatc wildlife
mcluding salmomids could be lost in parts of
Canada. Cold water species such as brook trout
might be at greater rick. Feduced =zea ice
thickness and extent will re sult in mied impacts.
Jome species such as the sea ober may bensht
from being able to expand into newr areas whils
others such as zeals may decline dus to reduced
gea-ite expanses for breeding and feeding. The
polar bear iz parheularly of concern; it could
become exbinct through sarmbon of the Arche
iJcean becomes seazonally ice free for a long
entough period. Some large breeding colotues of
seabirds, including oolonies of Common Murre
and Northern Caninets in Mewfoundland, are at
rizk due to projected increases in sea lewvel.

Migratory Birds: Summer and winter habitats
and migratory routes are vulnerable ac a resultof
projected changes in climate. Included are
imporant coastal shAging rrounds that could be
subject bo zea-level rize such as those mn Atanhe

The zensitivity of migrating birds o climate
and an example of the conzequence s may be seen
it the cass of snonwr geess tha ttaditionally nestat
Hudzon Bay =mites. old condibons an the
tiorthermmost neshng areaz such az Southa mpton
Island and zouthwestern Baffin Izland hawe
prompted stowr geese which prefer those sites to
spend more tme further south, in this caze the
Hudson Bay coastal flats north of Chuschill. The
merea sed number of birds spending time there
and the longer periods of residence tme have
razulbed ina habiatthat ic overpm med, dama ged,
and ih some areas destroged. Due to the short
cold growing sea son in the Arotic, it would ke 20
to 30 yea oz for the damaged habitat o come ba ck.
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Canada and wetlands which could be subject to
drying such as those in the Frairies. In addition,
the enwronment of migmtory bird zanctuares
may #no longer be suitble for the intended
species and there may be mmplicatons for
mternational agreements governing affected
migatory birds.

The Canada Country Study has genemted a
wide range of recommendabions for fuhire
climate impacts and adaptation research based on
sofenice gaps identified in its 26 component
studies. These recommendatons fall inbo oo
categpories, both of equal importance.

The first encompaszses dimate impact rezearch
needs of a “traditional” nature - amas and
methodologies that hawe received the bulk of
rezearmch atention o date, but where conbinued
work 15 needed o improve owr undersstanding
and confidence lewels further. Most of the
recommendatons of this type hawve come from
the 5 regional and secto@l component reports.
They include:

Bazeline data: There i a need to enhanoe
monitoring  achwities and to  dewelop
compathle and accessible databases across
Canada in the amas of: hydrological
pammeters; struchire and funchoning of
marine and freshwater agquabe and
terrestrial ecosystems and their component
species ommercial and non-commercialy;
gocio-ecomornuc pam@Emeters; and climate,
wreather, and extreme events.

Fey model dewvelopment areas: There iz a
need for improved capabilibies in the
folloaring areas:

SJoenarios need to be deweloped that
focus on bether projechons of weather
gystem  dynamics and wvariability,
icluding extre mes;

Pegional projectons of climate changs
that consider the physiographic

characterishes that play a signifhcant
role it Canada™s elismate and which inecor

pom te biosphere-atmosphere feedba cks;
Predichwe models hnking manne and
hydrologie, and physical and biologiml
prooe szes o climate change; and

Cuanbtative and qualiative models

for estmating impacts and teshng

adaphive statEgies.
First order impact research: There iz shll
need for first order impact rezearch. For
example, needing dewelopment i long-
term, mulb-dicciplinary  research on
fundamental ecological (e, physzical and
biologiral) condibions, szensibiwbes and
trends which iz rare in Canada, and even
wiorldwride. This type of work i= essental
to esobring many remaining queshons

about Canadian wulhe @hilibes.

Fensibirity analysas: There iz alsoa need for
sensibivity analyses, research into the
mdirect effects and integatve nature of
gecond and third order impacts on natural
and human systems. This will require
developing  links  behaeen  soientific,
financial and statstical analyses and using
ramote sensing plus other techniques to
better estimate the nizk of impack from
climate change.

The zzcond category of recommenda hons deals
with research izzues that provide mmtegpmted
undersh nding of climate impacts and adaphton
ata regional or nahonal seale. Most of thess come
from the CCS cross-cuthing isswes component
pa pers. Inadwmneing work in this category a mulh-
disciplinary and integrative approach is necesary
This iz esgential if progress 1= to be made in
undershnding  how  to redwce  Canada’s
wulnerabilites to climate change and how to
ma-imize poEntal benehte This fyrpe of work
requires 3 focus on ocoordination and communi-
cations on a munber of levels: behasen soienhsts in
the natural and zocial zoiences, bebamen
researchers and wsers or skeholders parbeulaly
those at the local lewel, bebamen the scietice and
policy communibes, and betiween the public and
private sectors. The importance of such intea chon
cannct be emphazized too strongly.



The main recommendations in this second
catepory focus on the following areas:

Integmted impact aszesaments: There iz a
strong need for work where mulbpls
strezzors (zuch az other air izzues) are
considered o that a beter understanding
of zecond and third order impacts of
climate change result. (Canada’s studies on
the Mackenzie Basin and CGreat Iakes-J
Lawrence Bazin hawe helped to chow the
way fonsard) Cuarrently there are zome
mitiatives wunderway, for erample, the
Toronto-Miagara Begion Program that i
ex@amining the impact of atmospheric
change on Jouthern Ontarnio.

Sustainable dewvelopment: Thers 1= a need
for climate change and sustainable
development to be represented in an
explicit manner i each other’s research

agendas.

Costing research: Emphasizs should hbe
placed on deweloping a benchmark
ectimate of the coste ower tme of
adaptation to, and residual impacts from,
climate change for Canada e, eshimating
a tme profile of marginal coste of COy
EIMITTIONT ).

Edtrame events: In anhoipaton of exdreme
events m Canada in the future being a
costly  affairr, a  significant effort
concentrabing on case studies of past
extrame events and on percephon of nisk
related to such hazards iz warranted.

Traditonal ecological knowledge: In line
writh the need to inwolve stalkeholders
directly in climate impacts and adaptation
rezearch, increased attenbion o both the
future applicability of such knowledge ina
mApidly changing climate and how such
knowledze may be used to complement
Turesters soience” 15 needed.

P G e

Through the Canada Country Study and it
reviewr of the esisting scienbfic and technical
literature, tno points become cear. e have a
limited understanding of the mnge and exdentof
immpacts of climate change on Canada and, as
such, there i1z considemble work required to
efine that uwunderstanding and to dewelop
wiorkable adaptaton approaches. Thiz work iz
fecessary in  defining an acceptable and
rezponsive climate change portolio that includes
both adaptation and mibgaton. Limitations,
howrewer, in owr capacity to pursue the wanous
research directions that the Canada Country
Study has recomme nded and, thus the lack of full
sotenhfic understanding of the details of the
wanous impacts of chmate change, should not
delay implementng adaphve strategies that are
believed to hawe low nisk, ame jushfied for other
reazons (precawbonary principle), or are knowm
to be environmentally =zound (ho-regrets

principle ).



