, ' J.‘T‘ ‘

Climate Change K i
Impacts and Adapt ‘atio | H
ﬂTana an Perspective

Water Resources

he Climate Change Impacts and Adaptation Directorate
Natural Resources Canada
July 2002

Canada



Preface

There is strong consensus in the international scientific community that climate change is occurring and that
the impacts are already being felt in some regions (see, for example, the recent Third Assessment Report of the
Intergovernmental Panel on Climate Change). It is also widely accepted that even after introducing significant
measures to reduce greenhouse gas emissions, some additional degree of climate change is inevitable, and this
will have economic, social and environmental impacts on Canada and Canadians.

It is possible to reduce our vulnerability to climate change. An effective response involves both the reduction
of greenhouse gas emissions as well as adaptation to the impacts resulting from a changing climate. Reducing
greenhouse gas emissions will decrease both the amount of climate change, as well as the rate of change, so
that effective adaptation can occur. Adaptation refers to activities that minimize the negative impacts of climate
change, and position us to take advantage of new opportunities that may be presented.

The report “Climate Change Impacts and Adaptation: a Canadian Perspective” presents a brief summary of research
in this field over the past five years, as it relates to Canada. Results of research supported by the Government of
Canada’s Climate Change Action Fund (CCAF) are highlighted in boxes within each chapter of the report.

The Water Resources chapter focuses on the impact of climate change on the supply of water in Canada, the
increasing demands for this critical resource, and options to deal with these impacts. At the same time, it must
be recognized that adaptation decisions taken within the water resources sector will have important implications
in many other areas, including agriculture, transportation, human health and industry. A complete assessment
of impacts and adaptation options should therefore take into consideration issues raised within other chapters of
this report.

Please direct inquiries to:

Climate Change Impacts and Adaptation Directorate
Natural Resources Canada

601 Booth Street

Ottawa, Ontario, K1A OE8

or via e-mail to dlemmen@nrcan.gc.ca



nderstanding the vulnerability of Canada’s water resources to

climate change is vitally important. Water is one of Canada’s

greatest resources. We depend on the availability of a clean,

abundant water supply for domestic use; food, energy and industrial

production; transportation and recreation; and the maintenance of

natural ecosystems. It is estimated that water’s measurable contribution

to the Canadian economy reaches $7.5 to 23 billion per year®.

Canada has a relative abundance of water, possessing
9% of the world’s renewable freshwater, yet only
0.5% of the global population.®®» However, the water
is not evenly distributed across the country, and
water availability varies both between years and with
the changing seasons. As a result, most regions of
the country have experienced water-related problems,
such as shortages (droughts), excesses (floods) and
associated water quality issues. For example, the
drought of 2001 affected Canada from coast to

coast (Table 1), with significant economic and

social impacts. In the 1990s, severe flooding in the
Saguenay region of Quebec (1996) and Manitoba’s
Red River valley (1997) were two of the costliest
natural disasters in Canadian history.

In its Third Assessment Report, the Intergovernmental
Panel on Climate Change projects an increase in
globally averaged surface air temperatures of 1.4

to 5.8°C by 2100. Changes of this magnitude would
significantly impact water resources in Canada®.

Climatic variables, such as temperature and precipita-

tion, greatly influence the hydrological cycle, and
changes in these variables will affect runoff and
evaporation patterns, as well as the amount of water
stored in glaciers, snowpacks, lakes, wetlands, soil
moisture and groundwater. However, there remains
uncertainty as to the magnitude and, in some cases,
the direction of these changes. This is related to

the difficulty that climate models have in projecting
future changes in regional precipitation patterns and
extreme events, and to our incomplete understanding
of hydroclimatic processes.

REGION

TABLE 1: The 2001 drought across Canada.®

CONDITIONS IN 2001

British Columbia

Prairies

Great Lakes—
St. Lawrence
basin

Atlantic

Driest winter on record, with precip-
itation half of historic average across
coast and southern interior
Snowpacks in southern regions were
at or below historic low

Saskatoon was 30% drier than
110-year record

Many areas experienced lowest
precipitation in historic record

Parts of the Palliser Triangle experienced
second or third consecutive drought

e Driest summer in 54 years
e Southern Ontario (Windsor—Kitchener)

experienced the driest 8 weeks on record
Montreal experienced driest April on
record and set summer record with

35 consecutive days without
measurable precipitation

e Third driest summer on record

Large regions experienced only 25%
of normal rainfall in July, and August
was the driest on record

July, with 5 mm of rain, was the driest
month ever recorded in Charlottetown
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In addition to the expected shifts in hydrological
parameters, potential changes in the economic,
demographic and environmental factors that influ-
ence water resources must also be considered.

The response of water users, as well as water
management mechanisms, to climate change will
greatly influence the vulnerability of water resources.
Both the ability and the willingness of society to
undertake appropriate adaptive measures are

critically important.

The impacts of climate change on water resources
will vary across the country, due to regional differ-
ences in climate changes, hydrological characteristics,
water demand and management practices. Some of
the major potential impacts are listed in Table 2.

From this table, it is evident that the potential
impacts of extreme events, seasonal shifts in flow
regimes and reduced winter ice cover are key issues
for several regions of Canada.

TABLE 2: Potential impacts of climate change on water resources (derived from Figure 15-1 in reference 4).

REGION

POTENTIAL CHANGES

ASSOCIATED CONCERNS

Yukon and coastal
British Columbia

Rocky Mountains

Prairies

Great Lakes basin

Atlantic

Arctic and
Subarctic

e |ncreased spring flood risks (BC), impacts on river
flows caused by glacier retreat and disappearance

e Rise in winter snowline in winter-spring,
possible increase in snowfall, more frequent
rain-on-snow events

e Decrease in summer streamflow and other changes
in seasonal streamflow

e (Changes in annual streamflow, possible large
declines in summer streamflow

e |ncreased likelihood of severe drought,
increasing aridity in semiarid zones

e |ncreases or decreases in irrigation demand and
water availability

e Possible precipitation increases, coupled with
increased evaporation leading to reduced runoff
and declines in lake levels

e Decreased lake-ice extent, including some years
without ice cover

e Decreased amount and duration of snow cover

e (hanges in the magnitude and timing of ice
freeze-up and break-up

e Possible large reductions in streamflow

e Saline intrusion into coastal aquifers

e Thinner ice cover, 1 to 3 month increase in
ice-free season, increased extent of open water

e |ncreased variability in lake levels, complete drying
of some delta lakes

e Reduced hydroelectric potential, ecological impacts
(including fisheries), damage to infrastructure,
water apportionment

e [ncreased risk of flooding and avalanches

e Ecological impacts, impacts on tourism
and recreation

e |mplications for agriculture, hydroelectric generation,
ecosystems and water apportionment

e |osses in agricultural production, changes in
land use

e Uncertain impacts on farm sector incomes,
groundwater, streamflow and water quality

e |mpacts on hydroelectric generation, shoreline
infrastructure, shipping and recreation

e Ecological impacts, increased water loss through
evaporation and impacts on navigation

e Smaller spring floods, lower summer flows
e |mplications for spring flooding and coastal erosion

e Ecological impacts, water apportionment issues,
hydroelectric potential

e |oss of potable water and increased water conflicts

e Ecological impacts, impacts on traditional ways
of life, improved navigation, changes in viable
road networks

e |mpacts on ecosystems and communities
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This chapter examines current research on these and
other issues, as well as recent progress in adaptation
research. Focus is placed on the impacts on water
supplies and demand, and on options to adapt to
these impacts. Many other aspects of water resources
related to transportation, recreation, health and fish-
eries are addressed in other chapters of this report.
While significant uncertainty remains in projecting
future impacts, it does not limit our ability to take
action to reduce our vulnerability to climate change.
By understanding the range of possible impacts,

as well as the intricate role of societal response to
changing conditions, we will be better prepared to
reduce losses and capitalize on potential benefits.

FIGURE 1: Water resources is a crosscutting issue.

Previous Work

“The sensitivity of a water resource system to climate
change is a function of several physical features and,

importantly, societal characteristics.” (%)

Numerous reports and workshops involving researchers
and stakeholders have identified water resources as one
of the highest priority issues with respect to climate
change impacts and adaptation in Canada. This reflects
both the climatic sensitivity of the resource and the
crosscutting nature of water issues, where adaptation
decisions in one sector will have significant conse-
quences in several other sectors. Figure 1 illustrates
some of these issues as they relate to decreasing water
levels in the Great Lakes-St. Lawrence basin, and the
impacts on sectors such as transportation, fisheries,
agriculture and human health.

SAMPLE ISSUE

Lower water levels in the Great Lakes—St. Lawrence

SECTORS IMPACTED

Transportation Tourism and Fisheries Industry and Municipalities Agriculture Health
Recreation Energy
[
POTENTIAL IMPACTS (examples)
Y Y Y
Loss of . Increased
Decreased depth More beaches, . Less potential Increased Less water .
- - species, loss . . illness from
of navigation aesthetic issues, . for hydropower, water quality available for
of habitat L water
channels, less access to (e.q. spawnin less water problems, and irrigation, contamination
stranded docks marinas and -9 3P 9 for industrial water-use and farm
areas), . . . and poorer
and harbours lake front . operations restrictions operations .
contamination water quality

OVERALL RESULT

Supply-demand mismatches and issues of apportionment between:
o the different sectors

o different levels of government

e jurisdictions (e.g. provinces, Canada/US)
e economic uses and ecosystem needs
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In their summary of research as part of the Canada
Country Study, Hofmann et al.© stated that climate
change will have a range of impacts on both the
hydrological cycle and water uses. For the nation

as a whole, climate change will likely increase pre-
cipitation, evaporation, water temperatures and
hydrological variability. These changes will combine
to negatively impact water quality. Regional projections
include declining Great Lakes water levels, decreasing
soil moisture in southern Canada, and a reduction

of wetlands in the Prairies. Another key concern is
increased conflict between water users due to increas-
ing mismatches between supply and demand.

Previous literature suggests infrastructure modifi-
cation, management adjustment and development
of new water policies as methods of adaptation in
the water resources sector.(© Uncertainties in impact
projections have led many authors to advocate the
implementation of ‘no regrets’ adaptation options.
These measures would benefit Canadians, irrespective
of climate change, as they address other environmental
issues. The engagement of stakeholders, including the
general public, is critical to the development of effec-
tive adaptation strategies. Perhaps most importantly,
the literature notes that water managers must be
encouraged to address climate change impacts in
their long-term planning activities.

Much of the research on water resources and climate
change has concentrated on the physical aspects of
the issue, particularly hydrological impacts,? and
less so on the economic and social aspects. This
imbalance and the resulting knowledge gaps have
been recognized in the literature, and in the reports
and proceedings of numerous workshops and similar
forums that have addressed climate change impacts
and adaptation in Canada.

Impacts on Water Supply

Quantity of Freshwater

As flow patterns and water levels respond to the
changing climate, our water supplies will be

affected. Diminishing surface-water and groundwater
supplies, coupled with increasing demands for

these resources, would challenge all aspects of water

resource managemertt.

It is difficult to predict future changes in the availability
of freshwater. While there is confidence that warmer
temperatures will affect variables such as evaporation
and snow cover, uncertainties concerning the nature of
regional changes in precipitation patterns, as well as
the complexity of natural ecosystems, limit our ability
to project hydrological changes at the watershed scale.
However, it is reasonable to generalize that, for many
regions of Canada, climate change will likely result

in decreased summer flows, warmer summer water
temperatures and higher winter flows. This is particu-
larly true for the snowmelt-dominated systems that

are found across most of the country.®

Some of the most vulnerable regions of Canada with
respect to the impact of climate change on water
resources are those that are already under stress, with
demand approaching or exceeding supply. This is most
apparent in the driest regions of the southern Prairies,
commonly referred to as the Palliser Triangle, where
drought and severe annual soil moisture deficits are
recurrent problems.® Even Ontario, perceived to be an
especially water-rich province, suffers from frequent
freshwater shortages,® and more than 17% of British
Columbia’s surface-water resources are at or near their
supply capacity for extractive uses.(1%

For much of western Canada, snowmelt and glacier
runoff from mountainous areas are primary sources of
water supply for downstream regions. With warmer
conditions, the seasonal and long-term storage capacity
of alpine areas may decrease, due to thinner snow-
packs, more rapid spring runoff, and decreased snow
and ice coverage.!V This, in turn, would result in lower
summer river flows and therefore greater water short-
ages during the period of peak demand. Recent trends
observed on the eastern slopes of the Canadian Rocky
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Mountains suggest that the impacts of diminishing
glacier cover on downstream flows are already being
felt (see Box 1). Across southern Canada, annual mean
streamflow has decreased significantly over the last
30-50 years, with the greatest decrease observed
during August and September.(1?) Continued decreases
are projected to occur as a result of climate change.

BOX 1: Diminishing flows in Prairie rivers.(13

Glacial meltwater is a key source of water for rivers
in western and northern Canada. Along the eastern
slopes of the Canadian Rocky Mountains, glacier
cover has decreased rapidly in recent years, and total
cover is now approaching the lowest experienced in
the past 10 000 years. As the glacial cover has
decreased, so have the downstream flow volumes.

This finding appears to contradict projections of the
Intergovernmental Panel on Climate Change that
warmer temperatures will cause glacial contributions
to downstream flow regimes to increase in the short
term. However, historical stream flow data indicate
that this increased flow phase has already passed,
and that the basins have entered a potentially long-
term trend of declining flows. The continuation of
this trend would exacerbate water shortages that are
already apparent across many areas of Alberta and
Saskatchewan owing to drought.

Peyto Glacier q ‘photo courtesy of Mike Demuth)
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The Great Lakes basin is another region where there
are significant concerns over the impact of climate
change on water resources. More than 40 million
people live within the basin, most of whom depend
on the lakes for their water supply.(¥ Many studies
have suggested that climate change will result in
lower water levels for the Great Lakes, with conse-
quences for municipal water supplies, navigation,
hydroelectric power generation, recreation and
natural ecosystems.

Although summer stream flows are generally expected
to decline, many researchers project a corresponding
increase in winter flows. This is because warmer
winters would increase the frequency of mid-winter
thaws and rain-on-snow events, a trend that is already
evident on the upper Saint John River.( This, in turn,
would increase the risk of winter flooding in many
regions as a result of high flows and severe ice jams.1¢
For example, on the Grand River of southern Ontario,
researchers project that warmer temperatures and
increased precipitation will extend the risk of severe
flooding to the months of January and February.(?)
However, since snow accumulation will likely be
reduced by frequent, small melt events throughout the
winter, the magnitude of spring flooding will likely
decline. Similar patterns are anticipated for snowmelt-
dominated rivers across much of southern Canada.

Climate change affects not only the quantity of
surface water but also that of groundwater. Every
region of Canada is reliant, to some degree, on
groundwater. For example, the entire population

of Prince Edward Island relies on groundwater for
potable water, while approximately 90% of the rural
population in Ontario, Manitoba and Saskatchewan
depend on groundwater resources.(!8: 19 Despite its
importance, recharge rates for groundwater across
the country are virtually unknown, groundwater
dynamics are poorly understood,?® and research
on the impacts of climate change remains limited.©

The depth and nature of the groundwater affects

its sensitivity to climate change. In general, shallow
unconfined aquifers will be impacted most signif-
icantly. This is clearly demonstrated by historic
variability, in which shallow wells in many parts

of Canada run dry during drought periods. In many
regions, unfortunately, these shallow aquifers also
contain the highest quality groundwater and are a
critical source of potable water and water for live-
stock. Although deeper aquifers are less sensitive
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to the direct impacts of climate change, the failure of
shallow aquifers could encourage their exploitation.
These deep aquifers can take decades to recover from
pumping, due to slow recharge rates. 0

Local factors, such as the permeability of the material
(e.g., soil, rock) above the aquifer, and the timing of
precipitation, strongly affect the rate of groundwater
recharge and therefore sensitivity to climate change.®
An increase in winter precipitation is expected to
benefit groundwater levels more than an increase in
summer precipitation. This is because snowmelt tends
to recharge groundwater, whereas summer precipita-
tion is primarily lost through evapotranspiration.2%

Quality of Freshwater

Water quality would suffer from the projected impacts
of climate change. Poor water quality effectively
diminishes the availability of potable water, and
increases the costs associated with rendering water

suitable for use.

Changes in water quantity and water quality are
inextricably linked. Lower water levels tend to lead
to higher pollutant concentrations, whereas high
flow events and flooding increase turbidity and the
flushing of contaminants into the water system.
Box 2 lists some of the main water quality concerns
facing different regions of the country.

Warmer air temperatures would result in increased
surface-water temperatures, decreased duration of
ice cover and, in some cases, lower water levels.
These changes may contribute to decreased concen-
trations of dissolved oxygen, higher concentrations
of nutrients such as phosphorus, and summer taste
and odour problems (e.g., references 22, 23).

River flows are expected to become more variable
in the future, with more flash floods and lower
minimum flows. Both types of hydrological extreme
have been shown to negatively affect water quality.

During low flow events, increased concentrations of
toxins, bacterial contaminants and nuisance algae
are common. For example, when flow dropped in
the St. Lawrence and Ottawa rivers, noxious odours
became a problem due to an increase in a particular
type of phytoplankton.?% Heavy flow events have
been shown to increase soil erosion and chemical
leaching, whereas intense rainfalls increase the risk
of runoff of urban and livestock wastes and nutrients
into source water systems. (2%

BOX 2: Main water quality concerns across Canada.?"
REGION WATER QUALITY CONCERN

Atlantic e Salt water intrusion in
groundwater aquifers
e Water-borne health effects
from increased flooding

Quebec e Upstream shift in saltwater
boundary in the Gulf of
St. Lawrence
e Water-borne health effects
from increased flooding and
sewer overflow

Ontario e Degradation of stream habitat
e Water-borne health effects
Volatilization of toxic chemicals

Prairies e Summer taste/odour problems
in municipal water supply
e Stream habitat deterioration

Saltwater intrusion due to rise

in sea level and increased

water demands

e Water-borne health effects
from increased floods

e |ncreased water turbidity from

increased landslides and

surface erosion

British Columbia

Arctic and e Rupture of drinking water
the North and sewage lines from
permafrost degradation
e Rupture of sewage storage
tanks from permafrost
degradation, and seepage
from sewage storage lagoons
e |[ncreased turbidity and sedi-
ment loads in drinking water

6 climate Change Impacts and Adaptation ® WATER RESOURCES




Climate change may also affect the quality of
groundwater. For example, reduced rates of ground-
water recharge, flow and discharge may increase the
concentrations of contaminants in the groundwater.
Saltwater intrusion into groundwater aquifers in
coastal regions is another concern, although
Canadian research on this topic is limited.(® In
southern Manitoba, future changes in precipitation
and temperature may cause groundwater levels in
some parts of the Red River basin to decline faster
than others.?”) These changes would affect the flow
in the aquifer, and possibly shift the saline-freshwater
boundary beneath the Red River valley, so that

the groundwater in some areas may no longer

be drinkable.??

Ecological Impacts
“Water is also a critical, limiting factor in the existence

and distribution of our natural ecosystems.” (©)

Wetlands, important natural modifiers of water
quality, are highly sensitive to climate change.?® As
water flows through a wetland, contaminants such
as metals, nutrients and sulphates are often filtered
out. Lower water table levels, however, decrease the
assimilative and purification abilities of wetlands.
Drier conditions have also been associated with acid
pulses (which can cause fish kills) and the formation
of highly toxic methyl-mercury.?% 39 In the Canadian
Prairies, wetlands (sloughs) are of tremendous hydro-
logical importance, and provide vital habitat for birds
and aquatic species. The persistence of these wetlands
depends on a complex interaction between climate,
geology and land use patterns, and their extent is
controlled by the balance between water inputs and
outputs.®) The greatest impact of future climate
change on Prairie wetland coverage would result
from changes in winter snowfall, whereas changes in
evaporation would have a smaller impact.®) Coastal
wetlands of the Great Lakes are likely to suffer from
decreased lake water levels and from shifts in sur-
face-water and groundwater flow patterns. 32

River ecosystems are also an important component of
the Canadian landscape. Their sensitivity to climate
change is influenced by the characteristics of the river

and its location. Northern rivers may be impacted

by permafrost degradation and changes in flood
regimes.(3) Ice-jam flooding is a key dynamic of the
Peace-Athabasca Delta in northern Alberta, particularly
for rejuvenation of riverside ecosystems. A decrease in
ice-jam flooding due to climate change would signifi-
cantly impact this ecologically sensitive region.®% In
southern Canada, seasonal shifts in flow regimes
projected for rivers could have major ecological
impacts, including loss of habitat, species extinction,
and increased water contamination. Drainage basins
containing large lakes or glaciers are generally less
sensitive to changes in climate, at least in the short
term, as these features help buffer the impacts of
climate change.

Forests cover almost half of Canada’s landmass and are
important regulators of the hydrological cycle. Changes
in forest extent and distribution, due to climate change
or other factors, impact the storage and flow of water.
An increase in forest disturbances, such as fires and
insect defoliation, would also affect the ability of the
forest to store and filter water. The impacts of climate
change on forest ecosystems are covered in greater
detail in the forestry chapter.

Water Demand

“The consequences of climate change for water

resources depend not only on possible changes in
the resource base (supply)...but also on changes
in the demand, both human and environmental,

for that resource.” %)

Future water demand will be affected by many factors,
including population growth, wealth and distribution.
Globally, it is estimated that between half a billion
and almost two billion people are already under high
water stress, and this number is expected to increase
significantly by 2025, due primarily to population
growth and increasing wealth.3% Warmer tempera-
tures and drier conditions due to climate change would
further increase future water demand in many regions.

Climate Change Impacts and Adaptation ® WATER RESOURCES 7



Where climate change is associated with increased
aridity, it would directly affect water demand with
respect to agricultural and domestic uses. For example,
outdoor domestic water uses (e.g., gardening and lawn
watering) and drinking-water demand tend to increase
in warmer, drier conditions. In some cases, technologi-
cal and management changes may sufficiently increase
water use efficiency to address the increased demand.
Management changes that work to reduce the demand
for water will also be important. Warming of surface
waters would have a direct impact on industrial opera-
tions by decreasing the efficiency of cooling systems,
which could in turn reduce plant outputs.0

Another major demand on water resources is hydro-
electric power generation, which fulfills approximately
two-thirds of Canada’s electricity requirements.(?
Studies suggest that the potential for hydroelectric
generation will likely rise in northern regions and
decrease in the south, due to projected changes in
annual runoff volume.®?) For example, lower water
levels are expected to cause reductions in hydro
generation in the Great Lakes basin.!¥ An increase
in annual flows, however, will not always lead to
increased hydro production. Increases in storms,
floods and sediment loading could all compromise
energy generation. In western Canada, changes in
precipitation and reduced glacier cover in the moun-
tains will affect downstream summer flows and
associated hydroelectric operations.!3) Moreover,
changes in the ice regimes of regulated rivers will
likely present the hydro industry with both opportu-
nities, in terms of shorter ice seasons, and challenges,
from more frequent midwinter break-ups.(

The seasonality of the projected changes, with respect
to both the availability and demands for water
resources, is another important factor. For example,
during the summer months, lower flow levels are
projected to reduce hydroelectric generation potential,
while more frequent and intense heat waves are
expected to increase air-conditioner usage and there-
fore electricity demand. Demand for hydroelectric
power exports is also likely to increase in the summer,
due to increased summer cooling needs.

Increased demand in any or all of these sectors would
increase the conflict between alternative water uses,
including in-stream needs to retain ecosystem sustain-
ability. Improvements in water use efficiency may be

required to prevent the extinction of some aquatic
species and the degradation of wetlands, rivers, deltas
and estuaries. 3%

Adaptation in the
Water Resources Sector

“Water managers are beginning to consider adapting
to climate change...[however], the extent of adaptation

by many water managers is uncertain.” )

Several studies indicate that managers are generally
complacent toward the impacts of climate change. 3¢ 3%
In a survey of American water resource stakeholder
organizations, no groups indicated the intention to
conduct future work regarding climate change, and all
ranked the level of attention given to climate change
as low.“9 This may be because managers generally
believe that the tools currently used to deal with risk
and uncertainty will be sufficient for dealing with any
increased variability induced by climate change.

BOX 3: Commonly recommended adaptation options.?"

The most frequently recommended adaptation
options for the water-resources sector include:

e Water conservation measures;

e |mproved planning and preparedness for
droughts and severe floods;

e |mproved water-quality protection from cultural,
industrial and human wastes;

e Enhanced monitoring efforts; and

e Improved procedures for equitable allocation
of water.

Each of these recommendations would be considered
a ‘no-regrets’ option that would benefit Canadians
irrespective of climate change impacts.
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Another important factor could be the lack of
standards for incorporating climate change into
design decisions. The reactive, rather than proactive,
nature of water management may also play a role.

There are, however, exceptions to these general
trends. For example, water managers in the Grand
River basin of southwestern Ontario, have begun

to develop contingency plans for future droughts,*V
and a series of workshops has been held to evaluate
decision analysis methods for dealing with shifting
Lake Erie water levels under climate change.2
These initiatives contradict the often-cited opinion
that climate change will have minimal influence on
water management operations until there is better
information regarding the timing and nature of the
projected changes. Researchers point out that the
scientific uncertainty associated with climate change
is not very different than the other sources of uncer-
tainty that water managers are trained to consider,
such as population growth and economic activity.“3)
Therefore, uncertainty should not preclude the
inclusion of climate change as part of an integrated
risk management strategy.

Structural Adaptations

In contemplating structural adaptations, one should
consider whether the system will be capable of
dealing with the projected hydrological changes,

as well as the economic, social and ecological costs

of the adaptation.

Physical infrastructure, such as dams, weirs and
drainage canals, has traditionally served as one of
the most important adaptations for water management
in Canada. There are conflicting opinions, however,
on the potential of building new structures for climate
change adaptation. Given the substantive environ-
mental, economic and social costs associated with
these structures, many experts advocate avoiding

or postponing the construction of large-scale infra-
structure until there is greater certainty regarding
the magnitude of expected hydrological changes.

Climate Change Impacts and Adaptation ® WATER RESOURCES

On the other side of the coin is the fact that water
infrastructure improves the flexibility of management
operations, and increases a system’s capacity to
buffer the effects of hydrological variability.® In the
Peace River, for example, stream regulation will allow
operators to potentially offset the effects of climate
change on freeze-up dates by reducing winter releas-
es.® Similarly, communities in the southern Prairies
can use small-scale water infrastructure to increase
water storage through snow management, and reduce
regional vulnerability to drought.®%

Most existing water management plans, as well as
water-supply and -drainage systems, are based upon
historic climatic and hydrological records, and assume
that the future will resemble the past. Although these
systems should be sufficient to handle most changes in
mean conditions associated with climate change over
the next couple of decades, management problems are
likely to arise if there is an increase in climate variability
and the occurrence of extreme events. Case studies
in Ontario indicate that increases in the intensity of
precipitation events have the potential to increase
future drainage infrastructure costs and decrease the
level of service provided by existing systems (Box 4).

BOX 4: How vulnerable is our infrastructure? 6

Since the majority of urban water drainage systems
are designed based upon historical climate records,
a change in precipitation patterns may cause these
systems to fail. More intense precipitation events are
expected to decrease the level of service that existing
drains, sewers and culverts provide, and increase
future drainage infrastructure costs. While making
the necessary changes (e.g., increasing pipe sizes)
would be expensive, the overall costs are expected to
be lower than the losses that would result from not
adapting. For example, insufficient pipe sizes would
lead to an increase in sewer backups, basement
flooding and associated health problems.




Several studies suggest that the design of water
management systems should focus on thresholds,
such as the point at which the storage capacity of a
reservoir is exceeded, rather than mean conditions
(e.g., references 47, 48). Thresholds can induce
nonlinear and therefore less predictable responses
to climatic change, which would significantly stress
the adaptive capacity of water resource systems. “3)

In many cases, modification of existing infrastructure
operations, rather than the introduction of new
structures, will be an effective adaptation option.“%)
For example, models indicate that the Grand River
basin will be able to adapt to all but the most severe
climate change scenarios through modifications in
operating procedures and increases in reservoir
capacity.®® A drainage infrastructure study of North
Vancouver suggests that the system can be adapted
to more intense rainfall events by gradually upgrad-
ing key sections of pipe during routine, scheduled
infrastructure maintenance.Y Adaptations such as
these can be incorporated into long-term water
management planning.

Institutional Adaptations
and Considerations

“The ability to adapt to climate variability and
climate change is affected by a range of institutional,
technological, and cultural features at the interna-
tional, national, regional, and local levels, in
addition to specific dimensions of the change

being experienced.”

Demand management involves reducing water
demands through water conservation initiatives and
improved water use efficiency. Demand management is
considered to be an effective, and environmentally and
economically sustainable, adaptation option. As a
result, programs based on water conservation and full
water costing are being increasingly used in the munic-
ipal sector. In the Grand River basin, for example,
municipalities have begun to develop programs to
make water use, storage and distribution more effi-
cient. At the same time, however, many municipalities

are unable to adopt demand management programs
due to insufficient legal or institutional provisions.“!
The lack of public awareness of the need for water
conservation and avoidance of wasteful practices is
also an obstacle. Some other factors that affect a
community’s ability to adapt are outlined in Box 5.

BOX 5: What affects a community’s capacity
to adapt? 52

In a study of the Upper Credit River watershed in
southern Ontario, the following were identified as
important factors in determining a community’s
capacity to adapt to climate change:

e stakeholders’ perceptions and awareness of the
issues involved

e |evel and quality of communication and coordina-
tion between stakeholders and water managers

e |evel of public involvement in water-management
decision-making and adaptation implementation

e quality and accessibility of resources
(e.g., sufficient financial resources, adequately
trained staff and access to high-quality data)

e socio-economic composition (more affluent com-
munities can dedicate more money to adaptation)

Some of these factors could be enhanced through
such mechanisms as public information sessions
and increased networking, whereas others, such as
socio-economic structure, can be significant barriers
to adaptation.

Community water conservation initiatives can be
extremely successful at reducing water demands and
minimizing the impacts of climate change on regional
water supplies.*3) In a study of sixty-five Canadian
municipalities, sixty-three were found to have already
undertaken water conservation initiatives.®*¥ Similarly,
most rural property owners surveyed in Ontario had
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practiced some form of water conservation, such as
shortening shower times and reducing water waste
in homes.® Factors that influenced the adoption of
conservation methods included program awareness
and participation, level of formal education, and
anticipation of future water shortages. A successful
community approach to water management problems
was documented for North Pender Island, British
Columbia.®% Water management on the island is the
responsibility of five elected trustees who oversee the
water use act, which specifies volume allocations per
household and the acceptable and unacceptable uses
of the community’s water supply. Failure to comply
with the water act results first in warnings, then
potential disconnection from the town’s water supply.

The institutional capacity of the community or system
is key in implementing effective adaptation. In Canada,
introducing adaptation measures can be challenging,
simply due to the fact that many different levels of
government administer water management activities.
Even within one level of government, several separate
agencies are often involved in water legislation.®¢)
Clear definition of the roles and responsibilities of each
agency involved is an important first step in building
adaptive capacity,5? as is the development of mecha-
nisms to foster interagency collaboration (e.g., the
Canadian Framework for Collaboration on Groundwater).
Another key requirement is the willingness of the water
management agencies to provide appropriate assistance
to communities in support of adaptation implementa-
tion.*? The community’s perceptions of the different
adaptation options are also important (Box 6).

Although institutional changes represent an important
adaptation option in water resource management, it
must be recognized that some current legislation may
also present barriers to future adaptation. For example,
the Niagara River Treaty may restrict the ability of
power utilities to adapt to low flow conditions, as the
treaty apportions water for hydroelectric power gener-
ation and the preservation of Niagara Falls scenery.®3)
Another example is the Boundary Waters Treaty of
1909, which determines the priority of interests in the
Great Lakes (e.g., domestic and sanitary purposes
first, then navigation, and then power and irrigation)
and does not recognize environmental, recreational
or riparian property interests.®) However, the Great
Lakes Water Quality Agreement, signed in 1978, does
strive to protect physical, chemical and biological
integrity in the Great Lakes basin.(14)

Economics, pricing and markets are fundamental
mechanisms for balancing supply and demand. In the
future, water demands may be increasingly controlled
through pricing mechanisms, as has been seen in the
Grand River basin over recent years.5?) Although
increasing the cost of water would act as an incentive
to limit use, there are still many issues that need to
be addressed, including an improved understanding
of the environmental justice and equity consequences
of water pricing.®

BOX 6: Perceptions of adaptation options.(56)

Focus group interviews in the Okanagan Valley
revealed that structural changes (e.g., dams) and
social measures (e.g., buying out water licences)
were adaptation options preferred by these small
groups to address water shortages in that region.
Structural adaptations designed to intervene and
prevent the impacts of climate change, such as
dams and snow making, were especially favoured.
The focus groups were also able to identify the
implications of different adaptation choices

(e.g., the high economic and environmental costs
of dams). Overall, the interview process revealed
a strong stakeholder interest in climate change
adaptation and the need for continuing dialogue.

(photo by Wendy Avis, March, 2001)
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Diminishing water supplies are expected to increase
competition and conflict over water and increase

its value.®) Resolving these issues may sometimes
involve changing current policies and legislation. At
present, most water laws do not take climate change
into account, and would therefore be challenged by
the projected impacts on water resources. For exam-
ple, transboundary water agreements may require
updating and careful consideration must be given
to potential changes in flow regimes and levels. 58
Water transfers, which are becoming increasingly
important mechanisms for water management in
some parts of the world, often generate new prob-
lems of their own. For example, the transfer of
water between two parties often impacts on a third,
uninvolved party, such as a downstream water user.
Policy mechanisms capable of taking these third
parties into account are necessary.

Within the Great Lakes basin, significant supply-
demand mismatches and water apportionment issues
are expected under most climate change scenarios.®%
Although the traditional cooperation between legal
groups involved in such conflicts has been impres-
sive, there is no fully consistent approach to water
law and policy, and the historic success would likely
to be challenged by the impacts of climate change.(©0)
International laws must also evolve to avoid future
conflict, as few of them allow for the possible
impacts of climate change.

Knowledge Gaps and
Research Needs

Although progress has been made over the past

five years, many of the research needs identified
within the Canada Country Study with respect to the
potential impacts of climate change on water resources
remain valid. For example, continued improvements
are required in the understanding and modelling of
hydrological processes at local to global scales,

such as the role of the El Nifio-Southern Oscillation
(ENSO) in controlling hydrological variability.

From a regional perspective, studies based in the
Atlantic Provinces, eastern Arctic, and high-elevation
mountainous regions are still lacking. The same
applies to studies of groundwater resources across
most of the country, as emphasized in a recent
synthesis for the Canadian prairies.@0)

A primary goal of impacts and adaptation research

is to reduce vulnerability to climate change and, as
such, there is a need for studies that focus on the
regions and systems considered to be most vulnerable.
In Canada, this includes areas presently under

water stress, such as the Prairies, the interior of British
Columbia, the Great Lakes-St. Lawrence basin and
parts of Atlantic Canada, as well as regions where
climate change impacts on water resources may have
large ramifications for existing or planned activities.
In some cases, studies may have to initially address
fundamental knowledge gaps with respect to either
processes or data (e.g., the paucity of data on ground-
water use in most areas) before meaningful analyses
of adaptation options can be undertaken.

Needs identified within the recent literature cited in
this report include the following:

Impacts

1. Research on the interactive effects between
climate change impacts and other stresses,
such as land use change and population growth

2. Improved understanding of the economic and
social impacts of climate change with respect
to water resources

3. Improved access to, and monitoring of,
socio-economic and hydrological data

4. More integrative studies, which look at the
ecological controls and human influence on
the vulnerability of water to climate change

5. Studies that focus on understanding and
defining critical thresholds in water resource
systems, rather than on the impacts of changes
in mean conditions
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6. Research on the vulnerability of groundwater
to climate change and improved groundwater
monitoring

7. Research on the impacts of climate change on
water uses, such as navigation, recreation/
tourism, drinking-water supplies, hydroelectric
power generation and industry, as well as
on ecological integrity

8. Studies that address the impacts of climate
change on water quality

Adaptation

1. Integrative studies of water resources planning,
which address the role and influence of water
managers on adaptive capacity

2. Understanding of the current capacity of water
management structures and institutions to deal
with projected climate change, and the social,
economic and environmental costs and benefits
of future adaptations

3. With respect to adaptation via water pricing and
policy/legislation, better understanding of the
environmental justice and equity consequences,
and mechanisms to assess the impacts of water
transfers on third parties

Climate Change Impacts and Adaptation ® WATER RESOURCES

Conclusion

Future changes in climate of the magnitude projected
by most global climate models would impact our
water resources, and subsequently affect food sup-
ply, health, industry, transportation and ecosystem
sustainability. Problems are most likely to arise
where the resource is already under stress, because
that stress would be exacerbated by changes in supply
or demand associated with climate change. Particular
emphasis needs to be placed on the impacts of
extreme events (drought and flooding), which are
projected to become more frequent and of greater
magnitude in many parts of the country. These
extreme events would place stress on existing infra-
structure and institutions, with potentially major
economic, social and environmental consequences.

A relatively high degree of uncertainty will likely
always exist regarding projections of climate and
hydrological change at the local management scale.
Focus must therefore be placed on climate change
in the context of risk management and vulnerability
assessment. The complex interactions between the
numerous factors that influence water supply and
demand, as well as the many activities dependent
upon water resources, highlight the need for inte-
grative studies that look at both the environmental
and human controls on water. Involvement of
physical and social scientists, water managers and
other stakeholders is critical to the development of
appropriate and sustainable adaptation strategies.
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