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EXECUTIVE SUMMARY
This paper focuses on assessing projected climate change impacts to water resources, including
drinking water, in First Nation communities. It identifies possible adaptation strategies for those First
Nation communities to cope with the projected climate change impacts to water. The paper
highlights the unique ways in which climate change will impact First Nation communities. Residents
of these communities represent some of the most vulnerable members of the population. In its
consideration of adaptation strategies, the discussion is grounded in an analysis of the major barriers
to adaptation that exist for First Nations, identifying key changes required to overcome these barriers
in order to make adaptation possible.
The major impacts identified for which First Nations will require solutions include increased water
scarcity, warmer water, poorer water quality and altered ecosystems. The report explains the
numerous mechanisms that will cause these changes so that readers can look to a single community
and assess which challenges are most likely to be affecting its water sources.
The report lists and discusses several key adaptation strategies. The two central adaptation strategies
identified are implementation of education and awareness campaigns for community leaders, water
technicians and community members and development of source water protection plans. The former
strategy will help to create an engaged citizenry, aware of impending climate change challenges while
the latter strategy will support overall ecosystem health so that waterways are more resilient and able
to adapt themselves to the changing climate. Additional adaptation strategies discussed include
upgrading existing water and wastewater treatment facilities, improving water treatment methods and
expanding water monitoring programs.
The concluding section of this paper lays a path forward, considering the question of what to do
about the challenges outlined throughout its discussion. It identifies gaps in existing research and
adaptation experience, suggesting additional foci for research, technology development and
community initiatives to ensure successful adaptation to climate change water impacts for First
Nations.
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RESEARCH METHODS
This report was produced based on secondary literature. The Introduction and Section I
focus on synthesizing the existing body of literature on climate change. These sections
provide a run-down of what the literature says in general about climate change and, more
specifically, about climate change impacts to water for the Canadian region. This synthesis
provides background to the reader for understanding the remainder of the report.
Sections II and III discuss adaptation strategies for First Nations with respect to water.
These sections rely in part on the existing body of literature on climate change adaptation,
providing summaries of recommended water-related adaptations. These sections also draw
on water literature that reaches beyond the scope of climate change. This more general
water literature touches on topics such as water vulnerabilities facing Canada, water
conservation strategies, soft path water systems and source water protection planning.
Finally, these sections also incorporate literature that specifically discusses water challenges
facing First Nation communities. Again, this literature is not focused on climate change, but
is relevant to the climate change discussion as it provides a context for current water
scenarios on First Nations. Materials assessed include data and information on types of onreserve water and sewage systems, existence of high and medium risk on-reserve water and
sewage systems and First Nations under Health Canada boil water advisories, as well as the
findings of the Expert Panel for Safe Drinking Water for First Nations.
Finally, the findings of narrative-style reports on Elders’ traditional knowledge with respect
to both climate change and water are incorporated throughout this paper. Existing First
Nation water management best practices are also included to provide context for a path
forward for adapting to climate change.
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INTRODUCTION:
First Nations, Climate Change & Water
Understanding Climate Change
There is increasingly widespread global consensus that the climate is changing. Monitoring
evidence from the past 100 years and longer shows that temperatures are warming, glaciers
are melting and climatic patterns are shifting. The climate has always changed, and these
historic changes can be traced through fossil remains, tree ring analysis and pollen sampling
(Ermine et al., final: 2). The main cause for concern at the present moment is the rate of
change being observed. Figure 1 a) shows average global surface air temperatures for the
past 140 years and 1 b) shows average global surface temperatures for the past 1000 years.
Both indicate rising average temperatures (Albrighton et al., 2001: 3).
FIGURE 1: VARIATIONS OF THE EARTH’S
SURFACE TEMPERATURE 1

a) Average global surface temperature:
The red bars indicate annual average
temperatures. The black line indicates
decade-long temperature averages. Values
have a 95% confidence range, indicated by
the thin lines running out the ends of the
red bars (Albrighton et al., 2001: 3).
b) Average surface temperature:
Northern Hemisphere. The blue curve
shows year by year averages and the black
curve shows 50 year variations of the
average surface temperature. These
temperatures were calculated using proxy
data and have a 95% confidence range,
indicated
by
the
grey
shading.
1

(Albrighton et al., 2001: 3)
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Uncertainties increase for more distant years (Albrighton et al., 2001: 3).
While these figures do show a warming climate, they reveal neither whether this warming is
irreversible, nor the causes for the warming. Debate continues over whether current
observed changes to the global climate are anthropogenically caused or part of a larger
‘natural’ cycle that is influenced by the sun. For example, a 2007 US senate report claims that
over 400 prominent scientists now dispute that climate change is caused by human activities
(US Senate Committee on Environment and Public Works, 2007: online). In response,
climate change activists question the credibility of some of these scientists and the noncontextual nature of quotes included in the report (for example, see Richard Littlemore’s
commentary on the 2007 Senate report: Littlemore, 2007: online). Regardless of the causes,
observational data does show that the climate has warmed drastically over the past 100 years,
and human populations will have to adapt to the repercussions of these changes to climate
conditions.
The warmer surface air temperatures currently being witnessed and predicted catalyze a
series of interconnected impacts, drastically altering water cycles, weather patterns, and biotic
communities and ranges, to name only a few.
This paper focuses on climate change impacts to freshwater in Canada. It looks at how
those impacts will affect First Nation communities and presents a range of possible
adaptation strategies. Climate change impacts for First Nations in Canada will extend well
beyond the water-associated impacts discussed in this paper. For example, warmer winters
are already impacting winter ice roads to remote Northern communities and changing animal
migrations and associated ecosystem balances, compromising traditional hunting and fishing
practices.
The findings discussed in this paper are presented within the context of the existing First
Nations water scenario in Canada, which in many cases includes inadequate access to high
quality drinking water and waste water treatment systems, degraded waterways surrounding
communities and water coming under increasing use-pressure from a range of stakeholders.
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Freshwater is considered in its oft-discussed role as source of drinking water, but also in its
broader ecosystem role and with an inherent right-to-exist of its own.

Warmer Air Temperatures Impact Freshwater
In order to understand the impacts of climate change on freshwater in Canada, it is useful to
start with a broad overview of the observed surface air temperature increases that will
catalyze much of this change.
According to the International Panel on Climate Change (IPCC), average global surface
temperatures have risen by 0.6 +/- 0.2 degrees Celsius since the 19th Century (Albrighton
and Filho, 2001). Figure 2 shows the range of temperature changes that have been
witnessed across the globe over the past century.
FIGURE 2: ANNUAL TEMPERATURE TRENDS, 1901 – 2000 2

2

Albrighton and Filho, 2001: 27.

8

The IPCC predicts that it is ‘very likely’ we will see higher maximum air temperatures and an
increase in hot days over all land masses, as well as higher minimum temperatures and fewer
extreme cold and frost days. Diurnal temperature ranges will be lower (Albrighton et al,
2001: 15).
The most recent climate model simulations for North America predict that year-round
temperature variability between 2010 and 2039 will be outside the range of current
fluctuations in annual temperatures (Ruosteenoja et al., 2003 in Field et el., 2007: 626).
Projected temperature increases for late in this century are a 2 to 3 degree Celsius rise across
western, southern and eastern continental edges and a rise of more than 5 degrees Celsius at
high latitudes (Field et al., 2007: 626). Temperature extremes are predicted to be greatest in
winter at high latitudes and warm temperature extremes are expected to occur with greater
frequency and longer duration (Christenson et al., 2007 in Field et al., 2007: 627).
Even small increases in surface air temperature are likely to have great impacts on freshwater
systems. Changes to hydrologic systems resulting from climate change will vary widely
throughout Canada because of its diverse geography and microclimatic conditions.
Within the wide range of specific outcomes for different regions, the major predictions
associated with climate-induced hydrological change include:
1. Altered precipitation quantity, form and timing
2. Warmer surface water temperatures
3. Rising sea levels
4. Variations in surface water quantities
More details on the above listed changes are discussed in Section I, Chapter 1. These
changes will result in greater stress on water quality, ecosystem vitality, and human--water
interactions (including freshwater availability). Each of these stresses and its results is
discussed in more detail in Section I, Chapters 2, 3 and 4.
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Before considering the nature and nuances of each of these impacts and their results, it is
useful to take a step back to consider the broader water context in Canada. The remainder of
this introductory section will describe this water context, providing a basic groundwork for
understanding climate change impacts to freshwater in Canada.

Canadian Water Context
Water is coming under increasing pressure in Canada. While many Canadians have an
impression of water-richness, Canada is not as water-rich as many people think. Only 1% of
water in the Great Lakes is actually replenished and renewable (CIIA, 2005: 3). In addition,
watersheds are frequently over-allocated, meaning that more than 100% of the water in a
river or water system is allocated to various users for extraction. This allocation doesn’t
even begin to account for the watershed’s requirements for having enough water to
maintain its health and vitality (Alberta Environment, 2002; Morehouse et al., 2002; Postel
and Richter, 2003; Pulwarty et al., 2005, all in Field et al., 2007: 622). As the Canadian
population grows (especially in dry regions), and agriculture and industry activities expand,
additional pressure on already-stressed water systems is expected (Alberta Environment,
2002; Morehouse et al., 2002; Postel and Richter, 2003; Pulwarty et al., 2005, all in Field et
al., 2007: 622 and CIIA, 2005: 11 - 13).
As demands for water in Canada grow, it is becoming increasingly apparent that water
research is lacking: We don’t know a lot about the specificity of water replenishment, nor
do we have a sense of the state of our groundwater resources and their connection to
surface water quantity and quality (CIIA, 2005: 6). Furthermore, aquatic ecosystem balance
can be drastically impacted by invasive aquatic species, especially when no natural predators
exist to keep their populations in check. Sea lampreys and zebra mussels are two examples
of invading species that have seriously damaged native fisheries in the great lakes, resulting
in widespread environmental impacts to the state of the watershed (CIIA, 2005: 10).

The above issues illustrate a water-scarcity scenario about which most Canadians are
unaware but that shapes the daily existence of many First Nations people. It is often these
communities that first feel the impacts of the ongoing degradation and poor stewardship of
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the water in Canada. These challenges are exacerbated by water infrastructure that is
inadequate in its ability to provide high quality drinking water and sufficient wastewater
treatment.

First Nations Drinking Water Challenges
Existing water challenges are best captured by the assessments of water treatment systems
on reserves conducted by Indian and Northern Affairs Canada (INAC) in 2002-3. These
found that 75% of water treatment systems (555 of the 740 water treatment systems
assessed) and 70% of wastewater treatment systems (275 out of 462 wastewater treatments
systems assessed) posed a medium to high risk to drinking water and waste water quality
(INAC, 2003: i, ii, 12). Specific complaints range from fertilizer contamination to sludge in
drinking water reservoirs to contamination from industrial wastes (Wilson, 2004: 72).
While INAC and Health Canada have been working in tandem to eliminate all high risk
facilities by 2008, much work remains to be completed. As of January 17, 2008, there are 85
communities remaining with high-risk drinking water and 40 communities under drinking
water advisories (INAC, 2008: online). Some drinking water advisories are ongoing, in cases
where water treatment facilities are unable to cope with the raw water source available to a
community. Other drinking water advisories are temporary, resulting from intermittent
contamination. As communities’ water challenges are addressed by new water and
wastewater treatment facilities, it will be essential to continue monitoring the success of
these new facilities by watching for new drinking water advisories in coming years. In
communities where drinking water advisories are still occurring despite updates to treatment
methods, it will be necessary to determine the cause of water contamination in order to
provide high quality drinking water for all community members in a timely fashion.

Specific Technical Vulnerabilities
The testimony given during the hearings of the Expert Panel on Safe Drinking Water for
First Nations revealed many of the specific technical vulnerabilities facing First Nations. A
primary shortcoming is that filtration systems may not be matched to the type of water being
filtered. For example, one expert described some of the challenges associated with
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“hurricane-style” filters and pressure filters, which are used in many communities to filter
surface water. Surface water sources can quickly clog this type of filter when there are high
levels of turbidity in the water. This can lead to staggering operation and management costs
for the community. These filters are not actually a recognized form of treatment for surface
water and they require chemically-assisted filtration to support the treatment process. There
have been instances where water comes out of the plant with a higher turbidity level than it
had going in. This is an example of an engineering failure and must be addressed through
treatment plant upgrades.
Findings from the Hearings of the Expert Panel on Safe Drinking Water for First Nations
Communities also revealed that maintenance of the water treatment system may be more
expensive than a community can afford. For example, communities may not have the regular
funds required to replace (often expensive) disposable filter components as they reach the
end of their lifespan. Inexpensive water treatment technologies aimed at community-scale
water treatment are required to get communities off long-term boil water and do-not-usethe-water advisories. Costs for operation and maintenance are predictable and should be
accounted for during the planning phase when new water treatment plants are being built.
Testimony at the Expert Panel on Safe Drinking Water also illustrated the importance of
having the regular water plant operators present. These people tend to be familiar with the
particular quirks that many community water systems have. Major problems can unfold
when the regular operator leaves, as unique equipment quirks aren’t included in generic
instruction manuals. First Nations communities require the capacity to keep operators with
engineering expertise on staff so that a knowledgeable person is on hand to deal with
equipment failures.

Health Consequences of Inadequate Filtration Capacity
In addition to identified high and medium risk facilities, occasional breakthroughs from
treatment plants unable to deal with fluctuations in raw water quality may allow pathogens to
enter the treated water, exposing the population to water that is unsafe to drink. Diseasecausing microbes can remain undetected in the general population when they result in only
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mild clinical symptoms, such as difficulty with digestion or diarrhea. As there is not a
surveillance program to report on these events the source of these microbes are not able to
be detected and identified. Hans Peterson notes that subpopulations, such as fetuses and
infants, are more susceptible to these same waterborne diseases and would suffer more acute
symptoms than the general population. He suggests that it is worth investigating possible
connections between poor rural water quality and the fact that rural Canada has a 40%
higher infant mortality rate than urban Canada (p162 online).

First Nations’ Unique Water Relationship & Treaty Rights
The current state of water in and around many First Nations communities is stressing the
special relationship that many First Nations people have with water. This relationship is
characterized by unique ways of knowing that water and using water for ceremonial
purposes. For example, Mushkegowuk Elders of the James Bay Cree Nation describe water
as a “mirror [of] the climate or mood that we, as human beings, are in” (Lavalley, 2006: 8).
Another elder from the Haudenonsaunee Iroquois Nation points out that water is a living
entity. Avoiding degradation of water includes changing the way water is perceived
(emphasis added, Lavalley, 2006: 9).
First Nations’ special relationship with water exists in the laws as well. Oji-Cree Elders state:
“A treaty was negotiated and concluded by our ancestors to last forever
for ‘as long as the rivers flow.’ Water signifies the everlastingness of this
treaty relationship. The inherent right to water was never surrendered in
the treaty. The Crown recognized that we would continue to exercise our
inherent right to water without interference or molestation…the settler
population’s government must be reminded of their treaty obligations”
(in Lavalley, 2006: 34).
Water governance for Canada is a complex and unresolved issue that impacts First Nations’
water rights due to the multiple players vying for control over water in any given region.
The courts have not rendered a decision on the scope of Federal, Provincial or Territorial
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governments’ fiduciary and constitutional obligations to ensure that First Nations are able to
enjoy their full water rights, as provided in treaties. To many First Nations, treaties were
agreements about how to share the land and water. For example, Treaty No. 5 provides
settlers with free navigation through Indian water ways in northern Manitoba.
Partnerships and watershed-wide governance and management plans will be an essential
element of ensuring adequate water exists for people and ecosystems. In cases where
aquifers and surface water cross national boundaries, these partnerships will require
cooperation with American communities and governments as well. 3 Management plans
must ensure that treaty agreements to share waters are upheld, and that First Nations
maintain their rights and ability to access clean, healthy waterways as water is allocated
among users.
The above issues frame the water context into which climate change impacts will exert
additional pressures on water. Assessment of climate change impacts and adaptation
strategies must account for these existing water challenges. The next section of this report
provides more detail on the specific water impacts in Canada expected to result from climate
change.

3

For example, groundwater originating in the US Rockies feeds Lake Winnipeg and lowering water tables
through excessive pumping reduces the flow of water into all of the Great Lakes (CIIA, 2005: 6).
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SECTION I
Climate Change Impacts
Increases in surface air temperatures will impact water across the globe, as discussed in the
preceding section. This Section will consider four key areas of climate change impacts on
water: Altered precipitation quantity, form and timing; Warmer surface water temperatures;
Rising sea levels; and Variations in surface water quantities. It will then discuss some of the
results of these impacts for the following topics: Water quality; Ecosystem vitality; and
Human—water interactions (including water availability).
The impacts described throughout this section include observations of impacts already
experienced and predictions for expected future impacts. They are particularly relevant to
First Nations communities, who, according to Health Canada (2005: 2.5.5), will be some of
the most vulnerable populations to the effects of climate change. In addition, it is these
groups who often lack the required resources and financial capacity to sufficiently adapt.
Most of the observations included here are those gathered by Western scientists. Some of
these are enhanced by First Nations’ observations. The addition of First Nations elders’ and
community members’ more holistic understandings of water bring life to the information
provided by Western scientists on particular aspects of water such as the presence of certain
pollutants and changes to flow rates. In many cases community-based observations may
identify changes long before scientific studies ‘confirm’ that the changes are occurring. 4
Appropriate integration of community-held knowledge about water and the environment
(often described as Traditional Environmental/Ecological Knowledge) is discussed later in
this paper in the context of developing appropriate adaptation strategies to respond to
observed and potential climate change impacts to water.
4

For example, Patricia Langley Cochrane and Alyson L. Geller identify the example of Alaskan Natives
who observed changes in weather patterns and thinning sea ice long before scientific studies confirmed
these observations (in Ermine et al., Final Report: 36)
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CHAPTER 1:
Major Climate Change Impacts
This chapter provides details on the four major predicted climate change impacts to
freshwater: Altered precipitation quantity, form and timing; Warmer surface water
temperatures; Rising sea levels; and Variations in surface water quantities.

Impact 1: Altered precipitation quantity, form and timing
Warmer air temperatures will result in increased
evaporation and changes to precipitation type and
seasonal patterns of delivery. According to the
Meteorological Service of Canada, yearly precipitation
totals for the country increased by 5 – 35% between
1950 – 1998 (MSC, 2005 in CIER, 2006: 18). On a
local scale some regions will see precipitation
increases while others will see decreases. For example,
in the Arctic an 8% increase in precipitation has been
observed over the past 100 years (INAC, 2006). In

FIGURE 3: Montreal Flash Flood, July 14, 1987
(Environment Canada, 2003)

contrast, the Canadian prairies are experiencing decreases in precipitation levels (Field et al.,
2007: 621). The Canadian Global Circulation Model (CGCM1) predicts summer
precipitation in the Canadian Prairies will decrease by 10-20% (Mehdi et al, 2006: 238).
In general, impacts of climate change on precipitation quantities and patterns are highly
uncertain (Cohen and Miller, 2001: 737). For example, there is very little agreement between
the Canadian Centre for Climate Prediction and Analysis (CCC) and the Hadley Centre for
Climate Prediction and Research (HAD) models in terms of their predictions to expected
changes in average annual runoff (Cohen and Miller, 2001: 745). Furthermore, the projected
changes to rainfall for the next century still fall within current ranges of variability in
precipitation already witnessed (ibid). It will be necessary to consider possible changes to
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precipitation on a community-by-community basis, especially as predictive models do not
always agree with each other.
Despite these predictive uncertainties about the degree and extent of climate change
impacts on annual precipitation patterns, some trends have already been witnessed and will
require adaptive capacity. It is necessary to consider changes to precipitation on a regional or
community level to determine impacts of concern and to develop appropriate adaptation
strategies and capacity. Expected water-related impacts of altered precipitation patterns are
discussed through the remainder of this chapter.

Changes to Seasonal Water Flow Patterns

Across the country, it is predicted that earlier spring
peak flows will occur, resulting in mid-summer low
flow dry periods. This pattern has already been
witnessed in South-central British Columbia, where
spring runoff started 20 days earlier from 1985-94
than it did from 1975-84. Late summer river flows
dropped over the same time periods (Leith and
Whitfield, 1998 in Mehdi et al., 2006: 242).
The International Panel on Climate Change (IPCC)
predicts that it is very likely that this warming, its

impact on form, timing and quantity of precipitation
and subsequent earlier melting will also be
accompanied by a significant loss of snow pack in the
western mountains by the middle of the 21st century
(see Field et al., 2007: 627 for extensive list of authors
citing this prediction). These changes to seasonal
water flows will affect water quality and quantity –
impacts to both of these are discussed in greater detail
in the next chapter in this section.

TEXT BOX 1:

Resource Development & Water
~
Resource development projects can bring
welcome economic development
opportunities to communities, but may also
magnify climate stressors on waterways.
For example:
~
• Dene and Cree First Nations live in
the largest tar sands deposit in the
Athabasca River region;
• Their water supplies are currently
being contaminated by oil
extraction activities in their area;
• Risk of further contamination lies in
2
the 50 km of open toxic tailing
ponds that are at risk of a breach
through extreme rainfall resulting
in flooding;
• These tailing ponds may already
be slowly seeping toxins into the
water supply (Petersen, 2007:
online).
~
It is essential that projects be accompanied
by environmental plans that account for
projected climate change impacts to
ensure that they do not threaten the land
and water upon which First Nations
communities live.

~
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Changes to Precipitation Patterns
Changes to precipitation patterns include different quantities of precipitation in its different
forms and different timing of when that precipitation falls. In terms of timing and quantity
of precipitation, changes to timing are expected to impact peoples’ ability to access enough
water. For example, some studies predict that intense precipitation events will be followed
by extended drought periods, resulting in a greater incidence of drought (Christenson et al,
2007 & Meehl et al., 2007 in Field et al, 2007: 627). This will occur despite the fact that
mean annual precipitation quantities are expected to increase for Canada as a whole – annual
mean precipitation may rise by as much as 20%, with a 30% increase for winter months
(Field et al., 2007: 627).
While more precipitation is expected to fall in winter, less of this will fall as snow. This has
already been witnessed from 1900 to 2003. During this timeframe, warming trends resulted
in a decrease in total precipitation as snow in western and prairie regions (Vincent and
Mekis, 2006 in Field et al., 2007: 622).
Predictions about expected frequency of intense storms and flood events remain
inconclusive. While increases in extreme weather events are often predicted as a result of
climate change, these changes have not yet been observed. Extreme weather events,
including tornadoes and hurricanes, do continue to occur throughout Canada. However, the
number and intensity of these extreme weather events in North America is currently variable
and decreasing in some cases. Sources cited in the most recent International Panel on Climate
Change report (2007) do not provide consensus on whether extreme weather events are
actually on the rise in North America (see Field et al., 2007 for a list of sources reviewed).
Vincent and Mekis (2006) state that: “To date, Canada has not yet witnessed any consistent
trend in greater frequency of extreme precipitation” (in Field et al., 2007: 621).
Flooding may occur with more frequency either as a result of intense storms discussed above
or because of changes to freeze and thaw dates and precipitation form. According to
Lemmen and Warren (2004), both the Red River and Fraser River basins have a history of
flooding and will remain vulnerable in years to come. The range of possible flood zones is
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not limited to these predictable areas with flood histories and will expand to encompass a
broader range of floodable regions (in Field et al., 2007: 626).

Impact 2: Warmer Surface Water Temperatures
Climate warming will result in warmer
surface water temperatures, both as a
result of increases in ambient surface air
temperature and in levels of evaporation.
This will result in lower water levels that
heat up faster. Predictions consistently
cite a 2 – 7 degree Celsius increase in
surface and bottom water temperatures in
lakes, reservoirs and rivers throughout
FIGURE 4: Blue-green algae bloom (Photo courtesy
of: Dr. Ron Zurawell on Government of
Saskatchewan, 2007: online.)

North America (see numerous sources
cited in Field et al., 2007: 629). The

water-related impacts of these warmer surface water temperatures are discussed through the
remainder of this section.
The main impact of warmer water temperatures will be changes to water ecosystems and the
balance of aquatic species within them. Warmer summer water temperatures will intensify
water stratification, altering the aquatic environment and the relative abilities of aquatic
species and ecosystems to thrive (see Field et al., 2007: 629). Existing biotic communities will
often be compromised by these changes to aquatic conditions and pressures from other
plants and animals more suited to novel water temperature patterns.
Warmer water temperatures will support algae and weed growth. This change is already
being witnessed in the Great Lakes system, where earlier ice break-up in spring contributes
to earlier blooms of algae growth, changing ecosystem processes in the lake throughout the
year (Mabnuson et al., 1997 in CIER, 2006: 20). These larger quantities of algae and weeds
are one example of an invading pressure on existing communities. New algae populations
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reduce water-oxygen supplies and shift the balance of biotic communities within the
watershed (McInroy, 2007).
In addition to larger quantities of algae and weeds, water-borne pathogens may also thrive
more readily as a result of warmer temperatures and/or higher precipitation levels.
Pathogens of concern include Legionella Pneumophila, Leptospira Interrogans, Vibrio
Cholerae, V. Parahaemolyticus, and Toxoplasma Gondii (Health Canada, 2005: 3.3.4-3.3.5).
Finally, conservation initiatives may be compromised by warmer water temperatures and
their impacts. For example, summer phosphorus levels tend to be higher in warmer water.
These increases in phosphorus concentration offset any reductions in phosphorus levels
achieved through conservation initiatives (Nicholls, 1999 in Field et al., 2007: 629).
Conservation strategies will have to account for such changes to water conditions.

Impact 3: Rising Sea Levels
Rising sea levels are a commonly cited result of warming air temperatures. Arctic sea levels
have risen 10 – 20 cm over the past 100 years as a result of melting sea ice and glaciers
(INAC, 2006), changing the geographies of coastal communities (Cabanes et al., 2001 &
Church, 2001 in Mehdi et al, online: 7).
In 2001, the IPCC predicted that global
mean sea levels will rise by 9 – 88
centimetres between 1990 and 2010 as a
result of melting ice caps and glaciers
(Albrighton et al., 2001: 16). Scambos
(2002 in Mehdi et al., online: 2) suggests
that sea levels may actually rise twice as
much as most experts are predicting.
Residents of coastal communities are
Figure 5: Truro, Nova Scotia, Projection of
hypothetical storm-surge flooding. (NRCan,2007:online)

often unaware of relative rises in sea
level. The range of increases in sea level
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along the extent of the Canadian coastline varies between locations (Field et al., 2007: 622).
The most vulnerable regions include: the Fraser River Delta, the Beaufort Sea Region and
the Atlantic region (Shaw et al., 1998 & EC, 2006 & MSC, 2005 in CIER, 2006: 18).
One of the most obvious effects of rising sea levels will be changes to the physical nature of
existing coastlines. Coastal community infrastructure will be under greater pressure from
weather and water and loss of / changes to existing coastal ecosystems are expected (CIER,
2006: 18). Reduced sea ice and more open winter water are predicted to result in a rise in
storm-wave events, accelerating coastal erosion. This is specifically predicted for the Gulf of
St. Lawrence area (Forbes et al., 2004 in Field et al., 2007: 630). As shorelines encroach on
what was once dry land, more flooding is expected. Of particular concern is flooding of
sewage treatment and waste sites, resulting in spread of contained contaminants.
In addition to pressures on the physical shape of existing coastlines, rising sea levels will also
alter salinity of fresh and salt water. For example, coastal wetland ecosystems may lose
salinity, reducing the survival of salt-dependent biotic communities (Cohen and Miller, 2001:
746). In other cases, salinization of freshwater will result from encroaching seas. Both
surface waters and groundwater aquifers in coastal areas are at risk of salinization (CIER,
2006: 18 and IPCC, 2007: 189).

Impact 4: Variations in Surface Water Quantities
The hydrologic changes associated with climate change cited thus far will all impact
freshwater availability from both groundwater and surface water sources in different
regions throughout the year. Water flows have been shifting over the last century. For
example, the Fraser River shifted from extreme low flows in the 1940s to a 30% flow
increase by the late 1960’s to lower flows in recent decades (Smith and Fraser, 2002 in
Mehdi et al, online: 3). Melting ice pack, shifting stream flows and altered precipitation
patterns will affect ground and surface water levels to varying degrees throughout the
year. Most regions will experience less freshwater availability, while some will
experience more abundance. Expected changes are described in more detail below:
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Changes to Ice Break-up will have the Greatest Impact
Changes to seasonal water flow patterns are predicted to be shaped to a large extent by icemelt dates. River and lake ice break-up have advanced by 0.2 to 12.9 days in North America
during the past 100 years (Magnuson et al., 2000 in Field et al., 2007: 622). Mountain
watersheds dominated by snowmelt are predicted with great certainty to see higher winter
and early spring water flows and significantly decreased summer flows as a result of this
earlier ice break-up (see Field et al., 2007: 627 for extensive list of authors citing this
prediction). As spring melt dates start earlier and mid-summer stream flows dwindle, there
will be more pressure on water systems that are already sometimes taxed to their full capacity
(Mehdi et al., 242).

Reduced Freshwater Availability in Most Areas
‘The heat also contributes to likelihood of increased forest fires and, as Oscar Beatty states, “Mother Earth
will heat up a lot more and the rivers, we know they will evaporate.”’
(Ermine et al., Final Report: 24)
Many regions of Canada will experience reduced freshwater availability. This may occur as a
decrease in absolute water quantity or a decrease in seasonal availability. For example, while
Canada is expected to see higher precipitation levels on average, evaporation levels are also
expected to increase (as air temperatures warm), offsetting any regional increases in
precipitation amounts and further exacerbating the effects of regional decreases in
precipitation levels (Stonefelt et al., 2000 & Fontaine et al., 2001 in Field et al., 2007: 627).
This will result in either stable or decreasing surface water levels for most regions. Northern
areas are the one exception to this decrease in freshwater availability. These parts of Canada
are experiencing higher rainfall levels, thawing permafrost and new perennial rivers resulting
from melt water increases (INAC, 2006).
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Surface Water Levels
Warmer air temperatures,
less ice cover and changes to
precipitation form and
frequency are expected to
cause lakes levels to drop
(CIIA, 2005: 9). Projection
scenarios for the Great
Lakes consistently predict
dropping annual and
seasonal water levels. In
extreme prediction
scenarios, average monthly

FIGURE 6: Lake levels across Canada are expected to drop as evaporation levels
increase and instream flow levels decrease. (Picture courtesy of Kaeli Stark.)

levels fall below any
recorded extreme low water levels for extended periods of time (Mortsch et al, 2006: 13).
Waterways fed by glaciers will also be impacted. Banff, Jasper and Yoho National Parks’
glacier coverage has declined by at least 25% during the 20th century (WWF). While these
melting glaciers will initially raise stream flow, this is a one-time melting and once that water
flows away from the glaciers it will not be replenished on an annual basis. For example,
stream flow east out of the Rockies and into Calgary and Medicine Hat is dropping
(Petersen, 2007: online).

Groundwater levels
Shifts in stream height in alluvial valleys will affect aquifer levels more significantly than
changes in temperature and precipitation levels (Allen el al., 2004a,b in Field et al., 2007:
629). Areas with lower summer surface water levels are likely to see decreased groundwater
aquifer recharge. Shallow, unconfined aquifer levels will be impacted most drastically. These
aquifers tend to have the best quality water for drinking (Brandes et al., 2005: 28).
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Incidence of Drought
Warmer air temperatures and increased evaporation will result in drought conditions and
lowered surface water levels in some locations, particularly during warmer summer months
(Hoffman et al, 1998 in CIER, 2006: 17). The Canadian prairies have already begun to
experience greater frequency of prolonged droughts (Mehdi et al, online: 6). Eastern Canada
is also vulnerable to drought (Field et al., 2007: 622).
Population growth and economic development are magnifying the effects of increasingly
frequent drought conditions in snowmelt dominated water systems, resulting in overallocation of water resources (Alberta Environment, 2002 & Morehouse et al., 2002 & Postel
and Richter, 2003 & Pulwarty et al., 2005 in Field et al., 2007: 622). In B.C., 17% of surface
water resources are already being used at or near to their supply capacity (Ministry of
Environment, Lands and Parks, 1998 in Brandes, et al, 2005: 29).
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CHAPTER 2:
Changes to Water Quality
The above impacts on water will result in widespread changes to water quality, ecosystem
health and First Nations’ lifestyles. These results are discussed throughout the next three
chapters.
All of the climate change impacts cited thus far have implications for water composition and
quality. Simple changes in water body volume impact the characteristics of water in a
system, however there are many other factors that are already impacting water quality and
that are predicted to have further impacts in the future. Many communities are already
observing drastic changes to the quality of the water in and around their lands. For example,
Elder Tom Pelly of Cumberland House states that:
“today, we hardly see any rains and things are different with the water.”
(Ermine et al., Final Report: 17).
Lillian Lathlin of Shoal Lake adds to this, describing the water in her community:
“Our water is polluted. Even though we have running water, we were told not to drink it unless we boil it
thoroughly. Our rivers don’t barely flow anymore…we used to drink that water. Now they are stagnant and
not fit for drinking”
(Ermine et al., Final Report: 17).
Lower water levels, eroding shorelines, unpredictable water movement (both as precipitation
and runoff) and warmer water temperatures will all impact water quality in a range of ways,
discussed below.
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More Toxins, Sediment and Nutrient Loads
Winter rain on bare ground (the result of warmer winter air temperatures and lower snowfall
levels) and intense precipitation will increase erosion of exposed soils (Field et al., 2007: 629
list numerous authors citing this outcome). This will result in higher water turbidity levels,
greater movement of pollutants into watercourses and larger quantities of solid matter
requiring filtration (Fisher, 2000, Boorman, 2003b, Environment Canada, 2004 in IPCC,
2007: 188 and Environment Canada, 2001). Leemans and Kleidon (2002) found that
turbidity (concentration of suspended solids in water) increases most notably in cases where
more intense precipitation results in higher levels of erosion (in IPCC, 2007: 188). Lower
surface water levels will also result in higher sediment concentrations as a result of resuspension of bottom matter (Atkinson et al., 1999 in IPCC, 2007: 188).
Warmer surface water temperatures will increase bacteria and fungi concentrations
(Environment Canada, 2001 in IPCC, 2007: 188), promote algal blooms (Hall et al., 2002,
Kumagai et al., 2003 in IPCC, 2007: 188) and result in increased summer phosphorus
concentrations (Nicholls, 1999 in Field et al., 2007: 629). Garnet et al (2003: online) state
that longer drought periods in Australia are predicted to favour earlier lake stratification,
extending the season of cyanobacterial blooms. Increased drought is also predicted for
Canada, extending the cyanobacterial bloom season here as well. Other climate changeassociated conditions that may favour presence of cyanobacteria include lower freshwater
quantities, increased nutrient levels in water and warmer air temperatures (Garnet et al.,
2003: online).
While presence of any algae can create water quality challenges, in some cases, blue-green
algae (cyanobacteria) can produce toxins, requiring a more urgent response. Cyanobacteria
can produce a range of toxins, including hepatotoxins (affect the liver), neurotoxins (affect
the nervous system) and dermatotoxins (affect the skin and mucuous membranes). Not all
cyanobacteria produce toxins. Researchers have determined that within a single
cyanobacterial bloom, only some cells are able to produce toxins and of these potentially toxic
cells, only some actually do produce toxins (Rinta-Kanto and Wilhelm, 2006: 22). Additional
research is required to determine what causes potentially toxic cells to produce toxins and
how to alter this behaviour. Toxicity of a cyanobacterial bloom depends on the
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concentration of toxins within it. The World Health Organization (WHO) recommends 1
μg/L as the concentration level of concern for human and animal exposure. Further
research is required to support better comprehension of what conditions support toxic
algal blooms and how to deal with these blooms.
In addition to supporting more invertebrate life, warmer surface water temperatures also
increase transfer of volatile and semi-volatile compounds (such as mercury, ammonia and
dioxins) from water into the atmosphere (Schindler, 2001 in IPCC, 2007: 188). For
example, climate change impacts mercury methylation rates, which are temperature
dependent (Booth & Zeller, 2005: online).
Climate changes to terrestrial ecosystems will also impact water quality. For example,
stream nitrate concentrations (NO3-) have been linked to forest and soil conditions.
Murdoch et al., (1998) found that NO3- concentrations may increase in forests that have high
levels of nitrogen deposition as the climate warms (Murdoch et al., 1998 in Cohen & Miller,
2001: 750). Cohen & Miller (2001) cite two studies that linked soil and stream acidification
and increased levels of NO3- to increased incidence of soil freezing. Decreases in snow
cover associated with climate change leave more soil exposed to below-freezing
temperatures, resulting in more soil freezing during winter months (Mitchell et al., 1996 &
Groffman et al., 1999).

Greater Presence of Water-borne Pathogens, Bacteria and Viruses
Climate is one of the many factors that affects the abundance, range, growth, survival and
movement of infectious substances (Health Canada, 2005: 2.5.3). A warmer climate
and/or high precipitation levels may enhance the growth of certain water-borne
pathogens, including Legionella Pneumophila, Leptospira Interrogans, Vibrio Cholerae,
Vibrio Parahaemolyticus, and Toxoplasma Gondii (Health Canada, 2005: 3.3.4-3.3.5). For
example, an 8 year study in Alberta and Newfoundland found “a strong non-linear
association” between ambient temperature and the occurrence of Salmonella, pathogenic
Escherichia coli and Campylobacter in Alberta, Canada, and of Campylobacter in
Newfoundland-Labrador (Fleury et al., 2005: online). A 2005 study in Canada found that the
odds of a water-borne illness outbreak increased two-fold within 6 weeks of extreme
27

rainfall (Health Canada, 2005: 3.3.4). Such heavy rainfall can wash pollutants (including
bacteria, parasites, pesticides and animal wastes) into surface water sources, putting them in
the path of human consumption (Health Canada, 2005: 2.5.3).

Threat of Spreading Contaminants
Areas requiring infrastructure improvements and runoff intervention to avoid the spread of
contaminants during extreme precipitation events include built up areas, storm sewer
overflows, sewage lagoons and other waste storage areas, industrial tailing sites, and
agricultural sites. For example, 50 km2 of toxic tailing ponds that are a by-product of oil
extraction in Alberta’s tar sands are at risk of a breach either through slow seepage of toxins,
or an extreme event such as heavy rainfall resulting in flooding or an earthquake (Petersen,
online). As cited above, heavy rainfall can also spread contaminants, including bacteria,
parasites, pesticides and other wastes present in built-up, settled, farmed or waste disposal
areas.

Ecosystem Impacts
The impacts to ecosystems that will result from climate change are multiple, as even one
seemingly small change (like less rainfall in early spring or 0.5 degree Celsius warmer water
temperature or higher streamflow) can have a domino effect on the combined set of
conditions that nurture any one given ecosystem community. These are discussed in more
detail in the next chapter. Some key ecosystem impacts resulting from some of the water
quality changes summarized above are:
Warming is predicted to intensify summer water temperature stratification and to promote
higher levels of algae and weed growth. This will reduce available oxygen supplies and harm
or change conditions for the biotic communities living in a watershed (see Field et al., 2007:
629 and McInroy, 2007: online). In coastal areas, decreased streamflow and encroaching sea
levels may result in increased salinity of freshwater in some locations (Bell and Heaney, 2001,
Williams, 2001, Beare and Heaney, 2002, Robarts et al., 2002 in IPCC, 2007: 189). Salinity of
coastal estuaries will also be impacted by rising sea levels, altering biotic conditions.
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Implications
The implications of the above listed water quality issues are an overall loss in watershed
vitality. This loss of vitality will have devastating impacts on First Nations’ physical,
cultural, emotional and spiritual health and well-being as a result of the special relationship
that First Nations have with water.
A Haudenosaunee Elder describes degraded water quality as follows: “water never rests; it is
always trying to purify itself….perhaps its current state is due to fatigue; the water cannot
keep up with all of the waste that is being put into it” (Lavalley, 2006: 12). Put another way
by Cohen and Miller (2001 in CIER, 2006: 20), lower water levels reduce the ability of a
waterway to flush out contaminants from wastewater, agricultural runoff and the
surrounding environment. In both cases, the outcome is water bodies that are becoming less
able to deal with pollutant loads that they could process in the past, magnifying the effects of
contamination. In some areas, surface and/or groundwater have naturally occurring high
levels of contaminants like arsenic or fluorine and residents already have no choice but to
use them for drinking water (see Case Study 1 on the Yellow Quill First Nation in Section
III). As quantities of water decrease, these concentrations will increase and there may be no
other alternative sources of drinking water (IPCC, 2007: 189).
First Nations require responses to these water quality problems, both in the form of greater
technical water filtration capacity and implementation of more watershed protection and
remediation initiatives. Solutions will vary among communities, depending both on unique
needs and on unique relationships with the different waterways that are present in any given
region.
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CHAPTER 3:
Changes to Ecosystems
The climate changes discussed above will
impact water quality and can all lead to loss
of or changes to specific types of vulnerable
ecosystems. Changes to rivers, lakes,
coastlines and the presence of wetlands
resulting from climate change may
contribute to the loss of some ecosystems,
changes in the species balance of others and
shifts in the geographic range of others.
Some of these changes are discussed

FIGURE 7: Changes to aquatic habitats will alter current species
balance within ecosystems. (Photo courtesy of Kaeli Stark.)

through-out the remainder of this chapter and section. Overall, changes to ecosystems and
shifts in species’ balances will reduce First Nations’ abilities to hunt and fish, as animals that
have historically been present on traditional lands and waters suffer drastic losses in
population numbers. The impacts of these changes on First Nations’ lifestyles are discussed
in more depth in Chapter 4: Changes to Lifestyle and Human-Water Relationships.

Changes to Quantity and Range of Wetlands
Drier conditions and loss of small streams will reduce conditions favourable to wetland
existence (David Suzuki Foundation, 2007: online). Wetlands help to mitigate flooding by
providing large catchments and slow infiltration area during heavy precipitation and spring
melting. Wetlands also provide crucial habitat to many plants and animals whose
disappearance will affect ecosystem vitality.

Changes to Forest Ecosystems
It is estimated that 70% of Canadian First Nations live in the Boreal forest (AFN, 2005: 26)
This forest plays an important role in the water cycle by storing and regulating freshwater.
The results of the Third Assessment Report in 2001 on Climate Change by the International Panel
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on Climate Change suggest that the Boreal forest may shift north by 300 to 500 kilometres
over the next 100 years, being replaced by the more temperate forests characteristic of
southern Ontario (Natural Resources Canada, 2005: online). Shifting boundaries of this
forest will impact the water cycle. Regional impacts will be determined by the type of forest
or other land-use that replaces the Boreal forest and its specific ecosystem functions (AFN,
2005: 26).
“Elders noted that forestry practices of clear cutting in particular caused a series of chain reactions that
inevitably resulted in harm to the water.”
(Ermine et al., Final Report: 17)
In addition to shifting forest ranges, climate change also affects the range of animal species,
who, in turn, help to shape a forest’s balance. For example, B.C. is currently experiencing
massive deforestation through a pine beetle epidemic. The naturally occurring pine beetles
are able to survive through milder winters, as -40C temperatures are required for several days
to keep populations in check (Bailey, 2007: online).
All of these changes to forest ecosystems will have lasting impacts on First Nations by
changing what lifestyle choices are possible, resulting in loss of culture, traditional practices,
and livelihoods.

Changes to / loss of Coastal Estuary Ecosystems
Rising sea levels may impact salinity of coastal wetlands (Cohen & Miller, 2001: 746). Rates
of coastal wetland loss will increase and salt-marsh biodiversity is likely to decrease in northeastern marshes through spreading of cord grass at the expense of other marsh species
(Donnelly and Bertness, 2001 in Field et al., 2007: 630).
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Changes to Waterways and Fish Habitat
“The other thing will happen is a lot of vegetation will grow on the lake because of the warm
climate. Sure enough, there is a lot more weeds, the anglers will not go there

because there is too many weeds that tangle their hooks. When we commercial fish
during the day, we get in trouble with these weeds. So these are the changes I have seen and
what the warm climate will do.”
(emphasis added, Ermine et al., Final Report: 25)
Dynamics of fish communities will shift as water temperatures change. Fish species that
exist at the warmer southern limit of waters will be able to migrate northward as water
temperatures rise, impacting species already living in these more northern waters. Salmon
populations are under stress -- Environment Canada predicts decreases in southern salmon
populations with simultaneous increases in northern salmon populations (2005: online).
More detail on expected changes for fish populations is included in the next chapter.
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CHAPTER 4:
Changes to Lifestyle and Human-Water Relationships
The range of changes to hydrologic systems discussed thus far will all have drastic impacts
on peoples’ lifestyles and ways of interacting with water, both in how it is consumed and the
role that outdoor waterways play in everyday life. Three broad areas of impact are: drinking
water, the role of water in daily activities, impacts on water infrastructure. Each of these is
discussed in more detail below. A recollection from a Haudenosaunee (Iroquois)
community member frames this discussion by describing the way that changes in how
people interact with water can impact the socio-cultural fabric of a community. He
describes his mother’s story about the arrival of indoor plumbing. Before indoor plumbing:
“everyone was at the river all the time, fishing, running water taxis, doing laundry…[it] was
the ‘social hub’ of the community”. In the 1960’s, when indoor plumbing was introduced, it
“cut people off from the river [and] the society started to deteriorate…the community
member’s way of thinking was altered as a result of being cut off from the water” (Lavalley,
2006: 16). While changes to waterways and our ways of relating with that water cannot
always be avoided (and in the case of indoor plumbing, this is a change that most welcome),
it is helpful to be aware of how deeply into our lives these changes can reach.

Drinking Water
Warmer air temperatures will increase peoples’ daily consumption of (or desire to consume)
water (Natural Resources Canada, 2004: 7 in Brandes et al., 2005: 29). As available water
sources lose quality and quantity, dependence on treated ‘safe’ water will increase.
Mushkegowuk (James Bay Cree) Elders describe the effects of piped water as follows:
[people are] “increasingly insulated from past intimacy with the life-giving water…[by] plastic piping…
[and] unknown water”
(Lavalley, 2006: 18).
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In drought conditions, incidence of diarrhoeal and other water-related diseases will increase
as drinking water quality decreases (Patz, 2001, Environment Canada, 2004 in IPCC, 2007:
189).

Infrastructure
In many areas the climate change impacts to water will result in lower water levels and
poorer quality water. Drinking and wastewater treatment infrastructure will have to cope
with filtering this degraded quality of water. Wastewater treatment infrastructure plans will
have to pay particular attention to ensuring that surrounding waters are not negatively
impacted by treatment methods. Community planning as a whole should account for the
range of possible sources of contamination and should include mitigation measures that
respond to these threats.
In general, water infrastructure will need to be robust and resilient to cope with higher water
flows. For example, heavy rains or quick spring ice-melts may cause flooding in areas that
have not historically been susceptible to floods. Sewer systems may require capacity to carry
larger volumes of water than have been historically necessary. In addition, coastal
infrastructure of all types will have to withstand more extreme weather and water wear as a
result of diminished sea and lake ice. Communities should assess their buildings and layout
to determine which areas would be the first to flood in the case of prolonged heavy rain or
high spring flows in a nearby river.
Heavy rains and floods create threats by the sheer volume of extra water that they bring into
a community and also by their potential to spread contaminants into water systems. Layout
of raw water intake locations and sewage settling ponds should consider the potential of
flooding and run-off to move raw sewage into source drinking water locations. In general,
presence of toxin-containing substances (including animal and human waste, road salt, oil
and gasoline) should be minimized in areas where these toxins can be washed directly into
water courses during rain, snowmelt or seasonal floods.
In addition to risk of contamination via flooding, consideration should also be taken in
considering the potential for underground contaminant leakage. For example, sewage
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lagoons are unlikely to be entirely impermeable to some seepage into the surrounding earth.
Lagoons and septic systems must be carefully installed to ensure that contaminants are
entirely contained and that leachate is well filtered by clay or loam soil before it reaches
underground or surface aquifers.
For community water and wastewater treatment systems the above pathways of
contamination illustrate the necessity of placing sewage lagoons as far as possible from all
surface water in a community, especially the raw source drinking water. Environmental
assessments will likely be conducted for new sewage lagoons, treatment wetlands or other
wastewater treatment facilities. The assessment criteria can provide operators of existing
facilities with best practice parameters to follow to make sure that water and lands
surrounding treatment facilities are protected. Some factors for consideration under an
assessment include: having adequate soil present to mitigate contamination of waters and to
ensure that sludge is completely processed prior to release into the environment;
incorporating minimum freeboard limits so that the lagoon isn’t filled right to the very top
with waste; and inclusion of monitoring approaches for the surrounding area to ensure that
it is being adequately protected. 5
Families using private wells should also be vigilant in reducing possible sources of water
contamination to maintain the health of the groundwater from which they draw. Stone and
Myslik (2007) provide a useful fact sheet on assessing the potential for groundwater
contamination on a farm and how to mitigate possible risks. This backgrounder provides a
guide for assessing the risk level for contamination (very low, low, moderate, high) based on
the type of soil present at the site being assessed (types include muck, loam, sand, clay loam).
See Reference List at the end of this report for the online link to this fact sheet.

5

These are just some considerations that are part of the Environmental Assessment process. They are
included here as examples of the general type of ecosystem protection measures that conservation and
environment authorities look for when reviewing proposals to install new wastewater treatment facilities.
See Burland (2002) for the full summary of comments and recommendations reviewed for this specific
example.
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Role of Water in Traditional Activities
Degraded surface water quality will impact gathering of traditional foods and medicines by
making it more difficult for people to be on the land drinking water, making sea and lake ice
less reliable and also by impacting the qualities of the foods
and medicines themselves. Decline of fish habitat, Boreal
forest ecosystems, wetland conditions and stream water
levels may make it impossible in some locations for First
Nations to participate in traditional hunting and fishing
activities that are interdependent with these ecosystems and
the plants and animals that comprise them.
Examples of traditional foods that are becoming less
available in some regions include salmon, wild rice and
maple syrup. Salmon are becoming less available to some
First Nations as population demographics change and
habitat ranges shift. In many areas invasive salmon species
are out-competing the native salmon populations. Wild rice
availability is being impacted by loss of the specific riparian
conditions required for wild rice growth and harvest.
Changing temperatures and encroaching dry grasslands are
reducing the range of shallow marshy areas that make ideal

TEXT BOX 2:

A Wild Rice Case Study
~

Loss of livelihood is closely linked
to the climate change impacts on
waterways and ecosystems
described throughout this report.
As Rowen White, a Mohawk seed
saver and farmer explains:
“A cultural community that persists
in its farming tradition does not
simply conserve indigenous seed
stock because of economic
justifications. The seeds
themselves become symbols,
reflections of the people’s own
spiritual and aesthetic identity, and
of the land that shaped them.”
~
White Earth tribal member Joe
LaGarde adds to this sentiment,
stating:
“We stand to lose everything…If we
lose our rice, we won’t exist as a
people for long.”

wild rice habitat (US Global Change Research Program,

~
(LaDuke, 2007: online)

2000: online). Finally, maple trees in some regions are not thriving. Madeline Goulet states:
“our parents used the maple trees for syrup, now you see the trees are all rotted and the
people can’t use them anymore… It is so sad for us to be watching our land slowly dry up.”
(Ermine et al., Final Report: 24).

Impacts on Commercial Fisheries
“Ecological sustainability of fish and fisheries productivity is closely tied to temperature and water supply
(flows and lake levels)”
(Field et al., 2007: 624).
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Cold water fisheries are likely to experience the most negative impacts as a result of climate
change. For example, salmon stocks are in decline throughout much of North America
(Field et al., 2007: 624). Salmonids 6 are expected to experience some of the most negative
impacts of climate change (Gallagher and Wood, 2003 in Field et al., 2007: 631). Other
species that will suffer because of warming water temperatures include: lake charr, walleye,
brook trout (Field et al., 2007: 624). Despite this general trend toward decreased cold water
fish populations, “some Alaskan fishing communities have experienced rising regional
abundance of salmon stocks since the mid-1970s” (Field et al., 2007: 625).
Cool-water fisheries will experience mixed impacts through climate change as some of these
species will be able to shift their range northward or to higher altitudes.
Warm-water fisheries will likely improve, with extension of their range into traditionally cold
and cool areas. This means that First Nations commercial fishers living in these traditionally
cooler areas will have to alter their fishing to take advantage of these incoming populations.
For example, Lake Ontario is showing population shifts toward greater stocks of warmwater fish (Field et al., 2007: 624). Changes in water supply and water flows may still have
negative impacts on warm-water species, despite the extension of their ranges as a result of
warmer water temperatures (Peterson and Kwak, 1999 in Field et al., 2007: 632).
For cold, cool and warm water fish, any species that are already threatened will face
increased survival challenges as predatory species expand their ranges and climate impacts
introduce novel stresses (Chu et al., 2005 & Jackson and Mandrak, 2002 in Field et al., 2007:
631).
Current trends in water consumption coupled with the climate change impacts on water
discussed in this section will require First Nations communities to employ a range of
adaptation strategies in watershed management, source water protection, lifestyle, water and
wastewater treatment methods and monitoring capacity, to name a few areas requiring
strategic initiatives. These are discussed in Section II.
6

Salmonids are: “soft-finned fishes of cold and temperate waters” (The Free Dictionary, 2008: online).
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SECTION II:
Adaptation to Climate Change Impacts
CHAPTER 1:
Adaptation
The extent and severity of the impacts discussed in Chapter 1 remain uncertain. The IPCC
predicts that changes will be extreme and rapid (2001 in CIER, 2006: 7). Western scientists
categorize responses to potential and realized climate change impacts as either mitigation or
adaptation strategies. Mitigation strategies attempt to slow the mechanisms of climate
change so that the changes will be less extreme. Adaptation strategies try to find ways to
help people live with new and changing climate conditions. Research and development of
adaptation strategies is becoming increasingly common, as much of the international
scientific community now believes that changes are inevitable and that planning responses to
minimize the harmful effects of those changes on human populations is the best possible
response. First Nations’ adaptation strategies will integrate their special relationship with the
earth. As a result, responses will be unique from those developed by the science community.
During a 2004 climate change forum with Elders and other First Nation knowledge holders
from the Prince Albert Grand Council area in Saskatchewan, those individuals expressed a
strong sentiment that “society as a whole would have to re-establish its priorities and
respectful attitudes towards the land to bring things back into balance.” (Ermine et al., Final
Report: 32). Some of the Elders did not support the concept of adaptation, suggesting that
it might be more appropriate and respectful to try to slow or stop some of the changes that
are occurring or that are expected to occur (Ermine et al., Summary Document: 7). This
introduces an important nuance to account for when developing and implementing
appropriate adaptation strategies – The goal of adaptation should be to revitalize
relationships between people and the land (Ermine et al., Final Report: 38) and to find more
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sustainable ways of living on and with the land in the process of adapting, not to passively
accept changes and to enable ongoing abuse of lands and waters.
For First Nations communities, adaptation strategies will incorporate traditional knowledge
systems and community members’ unique relationships with their surroundings. In their
climate change discussions, Prince Albert Grand Council Elders suggested that climate
change impacts will be felt most in terms of personal health and quality of life. They
suggested that successful adaptation will depend on individuals changing their personal
relationships with their environments. Further, they suggested that the experience of
observing changes in the environment is an important element of understanding the results
of those observations and finding ways to adapt (Ermine et al., Final Report: 35). This idea
roots adaptation strategies very firmly in individual communities. For each community the
required changes may be different. With this in mind, the remainder of this section provides
a broad picture of the breadth of adaptation strategies that might be required in light of
predicted climate change impacts to freshwater in Canada. It also considers how adaptation
might be enacted at the community level, acknowledging that each community’s use of any
strategy will be unique to the specific regional context in which it is applied.
As discussed previously, First Nations communities will be some of the most vulnerable
populations affected by climate change. A study of the Upper Credit River watershed in
Southern Ontario determined that community capacity to adapt to climate change depends
upon community awareness of and engagement on issues (including perceptions of the
severity of expected impacts, communication between stakeholders and water managers and
public involvement in water managers’ decisions), ability to access resources (including
financial, high-quality data and trained staff) and community affluence (specifically, the
amount of money a community can devote to adaptation) (Natural Resources Canada, 2004:
online). The latter two variables may pose significant barriers for some First Nations
communities who will often require capacity and financial support to fully respond.
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Developing Adaptation Strategies
Indian and Northern Affairs Canada (2007: online) identifies two main types of adaptation
responses to climate change: reactive and proactive. While reactive adaptation is necessary
when a change has already occurred, it is best to establish as many proactive responses to
potential climate change as possible. This improves the ability to deal with these changes as
they happen, because responses have already been developed.
Adaptation strategies will necessarily be a combination of both reactive and proactive
responses. In the case of drinking water facilities, a proactive adaptation can incorporate
climate change foresight into general required infrastructure improvements.
B.B. Mehdi et al. (online) summarize a list of proactive adaptations from the literature on
climate change and water. They call these “no regrets” adaptations because they are best
practices for water management regardless of the extent to which climate change impacts are
realized. If the predicted changes to water resulting from climate change do occur these
adaptations will stand communities in good stead to respond. If the predicted changes to
water resulting from climate change do not occur, these adaptations will still enhance overall
watershed health and create better watershed management approaches.
There are three water-related project areas requiring implementation of proactive, ‘no
regrets’-type approaches: watershed stewardship; drinking and wastewater treatment
facilities; and water governance plans. Watershed stewardship and source water protection is
an essential starting place to ensuring the ongoing vitality of water. This requires water
conservation measures by all users and expanded efforts at water quality protection
from agricultural, industrial and human wastes. Water and wastewater treatment facilities
also require upgrades and proactive planning. Strength and flexibility should be planned into
new structures. These plans should include a greater emphasis on planning and
preparedness for droughts and severe floods. Finally, development of informed
watershed governance and management strategies are required to support the above efforts.
This includes renewal of national (federal-provincial) monitoring efforts for water quantity
and quality and improved procedures for fair allocation of water within basins, provinces,
and between jurisdictions, taking in-stream ecosystem needs into account (Sources include:
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Bruce et al., 2000; Koonce and Hobbs 1994; Regier, 1993; Environment Canada, 1992;
Environment Canada, 1996, all cited in: Mehdi et al., online [p8-9]).

The remainder of this Section considers the breadth of adaptation strategies required in
response to water and climate change impacts. All of these adaptations build on the
discussion in Chapter 1 of education and engagement-related adaptations, as awareness of
potential impacts will be central to mobilizing other adaptation-oriented responses.
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CHAPTER 2:
Education & Engagement Adaptations
Central to development and/or implementation of adaptation strategies that respond to
climate change impacts to water will be education and engagement initiatives that raise
awareness about climate change and choices for responding. Education efforts will be
required for water facility operators, First Nation Band Councils or Environmental Health
Officers and community members. Topics will include the issue of climate change, how it
relates to water and how individuals can respond to help steward waters and build watershed
health while enjoying access to good quality drinking, cooking and bathing water.
Natural Resources Canada’s 2004 report (online) on climate change impacts and adaptations
for the water sector notes that several studies find that water managers tend to be
complacent in developing any kind of response to climate change impacts. First Nations
governments will have to decide whose role it is to develop and implement these adaptation
strategies and emergency preparedness plans. In some cases this might be within the job
description of the water treatment plant operator, in others it may be determined that a
water manager will work in tandem with the treatment plant operator to develop proactive
adaptive strategies and emergency preparedness plans. In any case, education and
maintenance of skilled water technicians and operators will become even more essential as
climate change pressures increase the stress shaping Canadian watersheds.

Water Treatment Plant Operator Training
A basic starting requirement is ensuring adequate training for all water technicians. Water
treatment plant operator education should include traditional teachings about water
(Lavalley, 2006: 37). In addition to traditional teachings and day-to-day operational
procedures, water technician training programs should include training on how to account
for unknowns (including seasonal fluctuations in water quality and quantity, migrating
populations and unfixed use rates by individual consumers). Skills in accounting for
unknowns will be transferable to managing climate change impacts as they occur. For
example, water technicians will be more able to develop water collection, treatment and
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storage solutions that respond to changing watershed conditions and to develop risk
preparedness plans in case of difficulties with operations of the water treatment facility,
resulting either from an internal mechanical failure or from an external event such as
extreme precipitation and flooding.
In addition to the ability to provide training, First Nations communities also require financial
support to be able to maintain technicians in the community once they are trained or to train
new technicians as required. Many community water treatment systems have particular
quirks that are familiar to the regular operator. According to testimony from the Expert
Panel on Safe Drinking Water for First Nations, this can cause major problems if the regular
operator leaves, as these quirks won’t be included in a generic instruction manual. Operating
the water treatment facility is often not a full-time, well-paid position and trained operators
are able to find better-paying jobs in larger towns and cities. In some cases, water treatment
operators make up their salaries by doing other related facilities work, like garbage collection,
in the community.

Reorganizing service provision models can help to overcome these challenges in maintaining
skilled operators within communities. First Nations Water Commissions or Agencies can
provide an approach to centralizing service delivery among geographically proximal First
Nations. This organizational approach allows water experts to service numerous
communities, expanding their job description and enabling sharing of expertise among
trained water technicians.

The Integrated Hub Model to community management is another example of an alternative
service provision approach that focuses instead on providing multiple related services from
one central location in a single community. This approach is meant to replace a silo
approach to service provision by integrating related services. Services are provided by
interdisciplinary staff teams trained to perform numerous related tasks. Using this model, a
community water technician would be trained to take on other related roles within a
community in order to expand that person’s job description and to provide a better range of
services to a community that might otherwise go without some key services. The
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Government of Canada’s Canadian Rural Partnership is a policy framework set out to ensure
that rural communities benefit from Federal programs. The Integrated Hub approach is one
model for community capacity building employed within this framework.

Building community capacity through development of central agencies or using a hub model
approach can enable development of new water management and protection programs.
These programs can involve water managers or facility operators who might choose to take
on the role of animating stewardship initiatives in their communities. Challenge and
opportunity lies in watershed stewardship. Stewardship should be a central component of
any water-taking and management plan and is an additional area requiring water managerdriven project initiatives. Implementation of stewardship initiatives provides communities
with an opportunity to expand the scope of responsibilities required of a water manager.
This could make the position into a more viable full-time occupation for a community with a
small population base, though in many cases still requiring external funding to maintain the
position.

Community Outreach and Education
Community outreach and education will be required to support watershed stewardship
initiatives and to raise overall awareness of climate change impacts so that community
members understand the importance of water conservation in the broader attempt to
nourish watershed health.
Watershed education will help to create a culture of watershed citizenry. Education topics
include source water protection education and water conservation projects. Education on
source water protection should focus on increasing public understanding of the value of
ecological services in protecting water resources. This type of education can also focus on
ways to care for and use water, drawing on Elders’ knowledge and traditional teachings. For
example, Mushkegowuk (James Bay Cree) Elders recommend using ice as a water source as
much as possible during the winter months as water from crystal ice or grainy snow “will
heal the body by eliminating harmful additives from other areas” (Lavalley, 2006: 25). This
is important region-specific information for elders to pass along to their younger generation.
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In some cases community members will have to find new ways of determining water’s safety
for consumption as new pathogens present themselves in the water.
It is the case in some communities that residents think bottled water is healthier to drink
even when the treated drinking water available from a central system is of good quality. The
bottled water industry in Canada is currently unregulated, and outreach is required so that
community members understand how the quality of the piped drinking water in their
community is attained and monitored. This can save those community members from
responding to clever bottled water advertising campaigns and choosing the (costly)
alternative of purchasing bottled water for drinking. This decision will always come down to
individual choice, but such decisions should be supported by sound and complete
information about the qualities of the different types of drinking water available (bottled or
treated tap water).
Water conservation outreach will be essential to reducing water consumption. Initiatives
include community outreach, distribution of conservation equipment (for example, low-flow
shower and tap heads) and facilities upgrades (for example, water end-use diversions that
separate treated, high-quality drinking water from grey water).
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CHAPTER 3:
Source water and Ecosystem Protection Adaptations
The education initiatives described above will lay the groundwork for developing effective
community-based source water and ecosystem protection plans. Protection and stewardship
of all water to enhance overall watershed health will be a core principle of water adaptation
strategies. Advice on the need to protect and respect water has been passed down for
generations and remains relevant today in its original iterations. For example, an Oji-Cree
Elder shares his grandfather’s advice:
“If you do not respect water, there will come a day where you will have to drink bottled water sold for money”
(Calm Wind, 2006 in Lavalley, 2006: 14)
That day has now arrived for many communities, rendering the age-old prediction true. This
state of water health highlights the need for First Nations communities, potentially some of
the most impacted communities from the results of climate change, to take a proactive role
in watershed protection.
Developing and implementing source water protection plans provides an opportunity for
First Nations communities to heal the current rift in First Nations—water relations. This is
a rift that exists for the majority of Canadians, but that many First Nations Elders identify as
a major problem requiring resolution in their communities. Source water protection plans lay
out short and long-term plans to prevent, minimize and/or control possible water
contamination and to improve water quality as required (Federal-Provincial-Territorial
Committee on Drinking Water & the Canadian Council of Ministers of the Environment,
2002: 10). The Chippewas of Nawash point out that ‘source’ water is human-centric term
and doesn’t account for protecting all water, be it swamp or wetland or potable water -- all
of which are crucial to human and environmental heath (Wilson, 2004: 77). The discussion
of source water protection included here refers to protection of all waters, regardless of
whether those waters are a source for some particular human use.
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Source water protection plans must be holistic, focusing on animals, winds, and thunders as
well as humans (Lavalley, 2006: 28). They should enhance the often-marginalized elements
of water systems. For example, they can focus on retaining and restoring wetlands and
riparian zones to enhance the overall health of existing waterways (Schindler, 2006: 5). They
should also focus on protecting and enhancing the health of surface water and groundwater.
Protecting groundwater can be more difficult conceptually, as it isn’t visible in day-to-day
life. Land-use decisions should account for these underground waters. For example,
selection of waste site locations should include consideration of natural underground water
movement, allowing soil to fully clean waste leachate before it enters a stream or waterway
(Lavalley, 2006: 25).
Savvy land-use can help to create a more constructive role for human impact, minimizing
negative impacts (such as release of unfiltered waste into waterways and water extraction that
exceeds instream flow needs) and emphasizing the positive role that humans can play in
shaping an ecosystem and its waterways. Human-shaped agricultural ecosystems provide an
example of how existing human impacts on the land can play a positive role in responding to
climate change predictions by increasing resilience. Prairie agriculture, which is expected to
face increased incidence of drought conditions, can build resilience through conversion to
drought-tolerant crops. This will reduce dependence on irrigation to maintain crop yields.
Conversion options for farmers in the Canadian prairies include specialty crops such as
mustard seed, dry peas and lentils and native species like buffalo and elk (Herrington,
Johnson and Hunter, 1997).

47

CHAPTER 4:
Monitoring Adaptations
Community-based monitoring programs will play a central role in keeping communities
abreast of the state of their watershed. As discussed in Chapter 1, these impacts are
regionally variable and in many cases specific magnitude of changes is difficult to accurately
predict. Information gathered from monitoring water (this could include water quality
parameters, water levels, precipitation amounts, melt dates, freeze-up dates) can be used in
source water protection plans and water management decision-making at local, regional and
national levels. Community-based monitoring programs are essential for communities who
currently lack access to the water quantity and quality data required to support decisionmaking.
Community-based water monitoring programs have the potential to provide essential
localized information to support community decision-making and community participation
in regional watershed governance partnerships. They will often require initial training and
capacity support to ensure quality control, maintain complete community data collections,
and keep a usable database of information up-to-date. Opportunities exist for communities
to adapt computerized mapping applications to assist in decision-making on a range of
topics including suitable locations for taking drinking water, understanding changing water
quality overtime and deciding which contaminants to filter out of water.
Monitoring programs may emphasize both community elders’ traditional observational
methods and Western scientific methods as the community sees fit. Water quality monitoring
data collected regularly throughout the year, over a number of years, for both raw untreated
water and treated water, will help to reveal seasonal water quality fluctuations and trends
over time. This contributes to development of more effective contextual community water
treatment regimes and source water protection plans. The choice of water quality parameters
being measured should reflect likely climate change impacts to water (measuring for
predicted novel pathogens and contaminants) as well as specific regional stressors and the
particular contaminants they might introduce.
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Monitoring water quality and quantity parameters over the long-term will provide
communities with information upon which to base water planning decisions. Monitoring
over time can help to provide a picture of trends and patterns in annual water fluctuations
and in changes over longer timeframes. Such information provides powerful leverage to
support decision-making in favour of water stewardship and to show long-term impacts to
waterways resulting from regional activities and external factors like climate change. This will
help communities to participate in regional governance initiatives and to defend their water
rights in years to come.
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CHAPTER 5:
Water Collection Adaptations
Water quantity impacts from climate change may
include lower absolute water levels, reduced
summer water flows or degraded water quality,
particularly during low flow periods. All of these
impacts require adaptation in approaches to water
collection.
Canada has the most water diverted through dams
of any country in the world (CIIA, 2005: 13-14;
Gordon Water Group, 2007: 6). This means that
water diversions in preparation for drought
conditions are already a common adaptive
strategy to ensure human populations have water
to meet their personal and industrial consumption
needs.
Successful water collection adaptations are well
established in Canada and have been used for
many years by people living with the threat of
drought conditions. For example, there are
already approximately 770 significant dams in the
Prairie Provinces that capture spring runoff for
distribution during times of drought and reduce
flooding during peak water flows (Herrington,
Johnson & Hunter, 1997). In addition, more than
110,000 farm and community dugouts have been
constructed in the prairies provinces to store

TEXT BOX 3:

Accounting for the potential
negative impacts of damming
Large dam projects can have
detrimental impacts on the ecology
and health of watersheds. Many
First Nations communities live daily
with the reality of these impacts.
Often, dams are built near
communities and impact community
water while community members
have no control over the dam itself.
The Piikani (Peigan) First Nation is
an example of one community that
has had to cope with such a
situation.
~
In contrast, the Hupacasath First
Nation partnered with Svnex
International subsidiaries, Ucluelet
First Nation and the City of Port Alberni
to form Upnit Power Corporation in
winter-spring 2005. They have a 20year contract with BC Hydro to supply
power to up to 6,000 homes. The
hydro development won’t cause any
major ecosystem impacts or landscape
degradation. Called “the China Creek
Project” this small-scale hydro
development is an example of how
human developments can shape an
environment without destroying it
(Wiwchar, 2005: online).
~
Development of dam projects should
be nested in source water protection
strategies that emphasize watershed
health and that integrate the
knowledge of community Elders and
potential climate change impacts in
planning and vision.
~
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spring runoff (Herrington, Johnson & Hunter, 1997). Regional water re-distribution systems
are emerging as a common adaptation strategy to complement management of water flows
through the use of dugouts and dams (Herrington, Johnson & Hunter, 1997). Finally,
operators in the Peace River Valley are coping with higher winter stream flows and earlier ice
break up dates by regulating stream flows to maintain more water in the system for later
spring and midsummer (Natural Resources Canada, 2004: online).
Four recommendations for additional water collection adaptation strategies are listed below:

Increase Reservoir Capacity
Increasing storage capacity throughout water systems, including the ability to collect and
store rainwater, melt water, and winter stream water will be essential. A large volume of
precipitation occurring in a short time period will result in quick run-off and less infiltration - the ability to intercept this run-off will be a key adaptation for maintaining adequate water
resources between intense precipitation events.
Environment Canada (1996 in Mehdi et al., p6 online) suggests that large storage dams could
be constructed to hold water resulting from early snowmelt. Gan (2000) also suggests snow
management as an approach to increasing water storage capacity (Natural Resources Canada,
2004: online). Designs for long-term water storage infrastructure should account for water
quality and rising air temperatures that will promote algal and bacterial growth in standing
water. 7 Plans for installation of any water collection or diversion infrastructure must be
developed within First Nations by the community members with respect for maintaining the
integrity of ancestral and traditional lands. Many First Nations have histories of having their
territories flooded or significantly impacted by large-scale water diversion projects and it is
not acceptable for further such impacts to occur as part of climate change adaptation.

7

According to Peterson et al. (2007: 28), the run-off feeding the 100,000+ dugouts in the Canadian Prairies
is often more than 80% agricultural. When combined with evaporation during warm summer months, this
leads to poor water quality within these collection locations. Treatment technology is required for these
dugouts to provide a viable drinking water solution and in many current cases it is preferable to seek
alternative water sources.
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Move Water Intakes
Existing water intake locations may become exposed through dropping surface water levels.
When low water levels expose surface water intakes, this can negatively impact water quality.
Responses include: lowering surface intakes or installing emergency low-flow intakes at
deeper water levels that can take over when water levels reach extreme lows (Mehdi et al.,
2006: 237-238).
In addition to the above impacts of lower surface water levels, source water may also
become contaminated by incoming salt water. Water intakes will have to be moved
accordingly and research and design investments in desalinization technologies for
contaminated waters in coastal communities may be required to combat salinization of
freshwater resources (Environment Canada, 1996 in Mehdi et al., p8 online).

Reassess Water Sources
For communities involved in overhauling existing drinking water treatment facilities, regional
assessments of whether groundwater or surface water is likely to be more negatively
impacted by climate change should be included when deciding which water source to use for
drinking water. Considerations include the viability of drilling wells to access groundwater,
the relative quality groundwater versus surface water and the extent to which surface water
sources are expected to warm up and dry up. When possible, communities should seek
water from the source that will be under less climate change pressure.
Options for choosing between ground and surface water sources are increasing with new
technology development. For example, the Yellow Quill First Nation had to choose between
brackish groundwater and sewage-contaminated surface water. Application of RO
membrane treatment technology has allowed that community to treat the brackish
groundwater which had previously been considered untreatable for drinking. See the case
study in Section III for further details on the experience at Yellow Quill.

Reassess Water-dependant Community-based Economic Initiatives
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For some communities, water flow or quality will be drastically altered by climate change
impacts. Success of economic initiatives that require water availability will depend on
communities accounting for climate change. Examples of initiatives that might be impacted
include cranberry farming, spring water bottling and small hydro-electric projects.
Community-based initiatives like these are important sources of income and contribute to
community health and prosperity. It is important to maintain the positive effect that these
businesses have for communities. Climate change impacts, as well as mitigation and
adaptation measures, should be incorporated into long-term business plans for waterdependant businesses in a community.
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CHAPTER 6:
Water and Wastewater Treatment Adaptations
It is likely that climate change impacts to water quality will result in new water treatment
requirements. First Nation communities will have to resolve the technical challenge of
providing adequately filtered water with the additional challenge that Health Canada
standards may not actually match community standards for what counts as ‘good’ quality
water. For example, in the past, community members of the Mushkegowuk (James Bay
Cree) were taught that if you see life in your drinking water it is good for you. Current
standards are that a lack of life in

TEXT BOX 4:

water (enforced by chlorination)

First Nations’ Unique Water Treatment Challenges

indicates good quality drinking

~
Water treatment challenges posed by climate change are
compounded for many First Nation communities that
currently lack adequate water and wastewater treatment
infrastructure for the quality of raw water available for
filtration.

water (Lavalley, 2006: 19). Elders
dispute the idea that chlorination is
an appropriate water treatment
method, as the fact that this water
kills small life forms within it
indicates that such water cannot be
healthy for people to consume
either (Lavalley, 2006: 37).
Communities need to resolve these
disparate standards of quality as part
of resolving the current
estrangement from water that so

Key challenges experienced by one community include:
Difficulty training operators for unforeseeable or previously
unencountered water problems.
Incorrect pretreatment of raw water and improper
membrane cleaning for manganese greensand membrane
filtration system.
Other problems with this system include membrane feed
water containing bacterial nutrients, presence of
compounds not included in water treatment guidelines and
inorganic or organic nutrients fouling the entire treatment
and distribution system. (all taken from Pratt, 2006: online)
~

many community members now identify. This must be done in the context of the federal
First Nations Water Management Strategy, which focuses solely on drinking water and
defines “clean” according to western science standards (Lavalley, 2006: 37). The
proliferation of new compounds in raw drinking water means that in many cases
conventional methods for ensuring water’s health safety may no longer be appropriate. More
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complex systems and greater vigilance will likely be required to ensure a safe supply of
drinking water.

In addition to accounting for disparate water treatment ideals, water treatment guidelines
must account for community’s individual capacities for filtration. According to Health
Canada, “the establishment of a drinking water guideline must take into consideration the
ability to both measure the contaminant and remove it from drinking water supplies” (2008:
online). Complex water treatment systems using highly technical treatment methods have
often failed, even in larger communities who are able to access technical and financial
resources to support operations (Peterson et al., 2007: 31). For small First Nations
communities, it is essential to develop simple, inexpensive water treatment technology able
to process poor quality raw water sources for human consumption. These treatment
technologies should account both for existing conditions and predicted climate change
impacts on water that could face individual communities.

Drinking Water Treatment Facilities Must Account for Climate Change
Impacts to Water
Climate change impacts to water will introduce novel contaminants to drinking water
sources that, for many First Nations, are often already plagued with contamination
problems. When upgrading or building new treatment facilities, existing contaminants that
pose health risks should be accounted for first. When possible, facility upgrades should
include expansion of the range of contaminants or quality of water that the treatment system
is able to process, based on local assessments of expected climate change impacts to the
particular drinking water source supplying water to the treatment plant.
While it is impossible to provide a 100% guarantee of safe water all the time, it is imperative
that water treatment facilities strive to achieve the lowest possible risk of water
contamination. A “multi-barrier approach” provides a sound strategy for minimizing this
risk to the greatest possible degree. The multi-barrier approach consists of a collection of
tools, processes and procedures that are put in place at all points along the drinking water
supply chain in order to reduce chances of contamination. Water quality integrity must be
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maintained in raw source water, drinking water treatment, drinking water distribution and
wastewater treatment and release. In its discussion of the multi-barrier approach to safe
drinking water, the Council of Ministers of the Environment (CCME, 2002: online) provides
the following list of procedures and tools for maintaining water health at all these stages of
movement:
•

Water quality monitoring and management of water supplies from source to tap;

•

Legislative and policy frameworks;

•

Public involvement and awareness;

•

Guidelines, standards and objectives;

•

Research; and

•

The development of science and technology solutions.

Each of the above procedures and tools are essential elements of sound drinking water
provision and must be applied at each stage of the water supply chain in order to have the
greatest possible likelihood of providing safe drinking water. For a more in-depth discussion
of the multi-barrier approach and each of the listed procedures and tools see the CCME’s
reports entitled: From Source to Tap: The Multi-Barrier Approach to Safe Drinking Water (2002)
and From Source to Tap: Guidance on the Multi-Barrier Approach to Safe Drinking Water (2004).
Climate change impacts to water will introduce novel drinking water treatment challenges,
increasing the necessity of adopting multi-barrier drinking water management approaches, as
described above. Some of these specific water treatment challenges associated with climate
change impacts to water are described below:

Coping with Higher Loads of Organic Matter
“Hurricane”-style and pressure filters are used by many First Nations communities to filter
drinking water from surface sources. These types of filters are not well-suited to surface
water, as they quickly become clogged by high levels of organic matter in raw water. These
clogs can be very expensive to fix. Higher concentrations of organic matter in raw water are
an expected impact of climate change. This will cause major problems for facilities that are
not set up to cope with organic matter and is just one example of the importance of
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incorporating predictions about climate change impacts to water quality into facility
upgrades.
Chlorine treatment also poses challenges to water supplies that will have higher
concentrations of organic matter. Trihalomethanes (THMs) can form post-treatment
compounds in water that has been treated with chlorine. The chlorine reacts with the
particles of organic matter (things like decaying leaves and vegetation) and forms the THM
compounds. Studies on the health effects of THM consumption remain inconclusive, but
some studies do show a correlation between long-term exposure to chlorine by-products and
development of some cancers (Health Canada, 2006: online). Health Canada recommends
that treatment methods should aim to remove THMs to the lowest concentration possible
without compromising water disinfection (2008: online, 7.1). Levels of trihalomethanes are
generally higher in treated surface water than they are in treated groundwater and they tend
to be higher in warmer months (Health Canada, 2007: online). Chlorine may not be a
suitable treatment method for these turbid waters as pathogens can hide in the particles and
negate the effect of chlorination. Ultraviolet (UV) disinfection systems, though more
expensive than chlorine, offer an alternative water treatment method for turbid waters that
won’t result in the presence of trihalomethanes. However, while controversial for some,
chlorination of the treated water to the distribution system is still required to provide safety
to the community.

Coping with Disease Outbreaks
First Nations water treatment facilities will require greater capacity to respond to emergency
situations, such as disease outbreaks in raw drinking water. For example, cryptosporidium
outbreaks following intense precipitation events may become more common because of
climate change. Existing systems that consist solely of chlorination are not an appropriate
treatment method for surface water that may contain giardia and cryptosporidium (INAC,
2003: 17). The required extra filtration step may represent a 20 – 30% operating cost
increase (AWWA, 2006 in IPCC, 2007: 189). This added step and its additional cost will be
major barriers to adequate treatment for many First Nation communities.
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Providing Aesthetically Pleasing Water
To ensure that community members are drinking the water provided by the water treatment
plant, it is also important to account for the aesthetic characteristics of the water. People
will be unlikely to drink water that tastes strange, looks cloudy or smells bad. However, if
people choose to drink water straight from the source to avoid these unpleasant aesthetic
characteristics, they may be exposed to more bacteria or viruses that the treatment system
would have removed. These unpleasant characteristics often become particularly
problematic during summer months and water treatment facilities should have the capacity
to eliminate the majority of these unpleasant qualities.

Increase Frequency of Testing
While central water treatment facilities should be in the habit of regular quality testing to
ensure that water is safe, this is also essential for people who draw their drinking water from
personal wells. In response to possible increases in groundwater contamination, it will be
important to increase frequency of water testing for personal wells by providing simple and
inexpensive water quality testing equipment that can be kept in the community for regular
use by community members. Quick turnaround on test results is essential for such tests to
provide people with timely notification of poor quality water, and it will be inappropriate for
well water samples to be sent to centralized locations far from the community for the testing
to be completed.

Novel Technologies Required
Solving the above challenges will require application of novel technologies in many
situations. Existing technologies may be difficult to apply for a number of reasons,
including: being too expensive to install or maintain; requiring a lot of operator maintenance;
and insufficient testing for use in cold climates. In other cases, appropriate filtration
technologies have not yet been developed and further research and testing is required. For
example, in its general assessment of municipal filtration systems for the entire country,
Environment Canada (2007) notes that filtering algae is an expensive process that most
water filtration systems are not set up to undertake. Algal blooms occur intermittently, and
an appropriate inexpensive treatment method that can be applied on an as-needed basis is
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required (in IPCC, 2007: 188). Ultra and Nanofiltration technologies are increasingly being
applied for both large and small systems and provide the safety of an absolute barrier.
Currently they are seen to be complex and expensive but increased application and
completion will see complexity and cost reduced. This example highlights the need for new
technology development in some situations.

Wastewater Treatment Facilities Must Account for Climate Change
Impacts to Water
Wastewater treatment standards should respond to an overall decrease in water vitality. This
means raising the capacity to filter pollutant loads by cleaning water to a higher level of
health prior to its release into surrounding environments. Wastewater release points should
be located far from drinking water source locations.
Wastewater treatment system design must also emphasize protection against breaches
resulting in contamination. ‘Normal’ water levels may also go up or down as a result of
climate change. Water treatment facilities should account for these levels in planning the
layout of septic outtakes and settling ponds. Extreme precipitation and altered water flows
may also create new flood zones, making sewage treatment lagoons more susceptible to
flooding. These areas should be designed or moved to mitigate the risk of wastewater being
inadvertently flushed directly into surrounding waters. In cases where there is risk of
washout and a lagoon cannot be moved, a community may decide to create water and
sediment control basins. Such basins, constructed into the flood-susceptible area, provide
water flow control and can slow down washouts and flooding during heavy rain by
providing collecting areas for water. These collecting areas slowly release the water into the
surrounding area at a rate that won’t create a flood or add undue stress to buildings, pipes,
roadways and lagoon infrastructure. Water and sediment control basins require site-specific
design by a qualified person to ensure that they work with local soil types and landscape
features. They must be designed to avoid breaches in their ability to hold collected water, as
a sudden breach may result in more intense flooding than the original rainstorm would have
caused. For basic background information on the pros, cons and some design features of
water and sediment control basins see Stone (1989) in the Reference List at the end of this
report.
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CHAPTER 7:
Community Infrastructure & Water Distribution Adaptations
Updates to existing infrastructure and planning of new infrastructure should account for
uncertainty in water conditions. For example, intense weather events will place additional
stress on water distribution infrastructure and any community infrastructure located near
changing watercourses. In some areas new and existing water distribution piping will require
the capacity to withstand heavy precipitation, winds and higher volumes of water flow than
have historically been required. Communities will have to consider their water infrastructure
and whether drains, culverts, ditches and water treatment facilities need parts replaced,
upgraded or redesigned in order to deal with larger water loads on a regular basis (Mehdi et
al., 2006: 240). System resilience can be increased by aiming to meet existing system
thresholds (the point at which storage capacity will be exceeded, for example) instead of
focusing on average system requirements (Natural Resources Canada, 2004: online).
Coastal communities are in need of extensive support – both community infrastructure and
fishing livelihoods are threatened by climate change impacts. Wu et al., 2002 and Kleinosky
et al., 2006 both predict that socio-economic status will result in disproportionate impacts on
some communities as a result of rising sea levels and storm severity (cited in Field et al.,
2007: 630). A large percentage of these impacted communities will likely be First Nations.
Communities located close to rising open water or in low-lying areas will have to assess their
surroundings to determine which areas will be vulnerable to flooding during extreme storm
events or as a result of rising seas. New community infrastructure may help these threatened
communities. For example, it may be possible to build barriers against erosion and seawater
intrusion (Environment Canada, 1996). To avoid additional stress, new structures should be
built well back from an encroaching coastline. Existing buildings in these areas may require
reinforcement. Wastewater treatment facilities in flood hazard zones should be relocated to
avoid widespread contamination of waterways. In some cases community relocation may be
the only response to rising sea levels and coastal erosion (as well as thawing damage and
instability from melting permafrost). For example, relocation measures are being considered
in Salluit, Québec (Mehdi, B.B. et al., 4).
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Communities located close to receding lakeshores will have a different set of problems from
coastal communities threatened by rising water levels. These communities will have to focus
more pointedly on conservation. They should resist development pressures to build on
newly exposed shorefront land - shorelines will increasingly be sensitive ecological zones,
vulnerable to fluctuations resulting from extreme weather events. It will be important to
restrict such development despite the convenience of having closer access to freshwater
resources (C-CIARN, online).
In addition to the new threats posed by climate change-related weather patterns and rising
coastlines, communities should also consider updating water infrastructure to support
conservation. ‘Soft-path’ water systems are designed to consider the end use of water and
direct different grades of water toward those different uses. For example, water diversions
can distinguish ‘grey’ water (not treated for drinking) from drinking water. This can help to
take the pressure off of drinking water treatment facilities by reducing the quantity of water
being treated for drinking. Low flow taps and shower heads can also help to reduce pressure
on water resources by decreasing overall water consumption.
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CHAPTER 8:
Emergency Preparedness Planning Adaptations
Extreme precipitation and flooding are the two major emergency situations identified in the
climate change literature for Canada. Response plans are required for flood risks in coastal
communities and in river valleys, both those with histories of major floods (including the
Fraser and Red River valleys) and those that have not traditionally been subject to floods.
Floods can be responsible for spreading contaminants into waterways, as discussed in
Chapter 5: Water and Wastewater Treatment Adaptations. In addition to the risks of sewage
contamination highlighted in that section, regional threats may exist from non-residential
land use. For example, open tailing ponds that are part of Alberta’s tar sands extraction
industry pose a massive environmental threat if they were to flood and have toxins washed
into surrounding waterways (Petersen, October 2007: online).
Effective emergency preparedness planning requires communities to assess their region for
risks (for example, flooding that will incapacitate water treatment operations or
contamination of water sources by an external source) and then to develop contingency
plans for each identified risk. In the case of a flood washing out community buildings and
water distribution infrastructure, community ability to respond to this incident would require
a well-thought-out emergency plan. The elements of such a plan for the example of
responding to a flood situation are outlined below.
Community design is the first element of resilience to emergency situations. Design
requirements for buildings and water distribution and treatment equipment should include
standards to ensure ability to withstand flooding. Land-use planning should account for the
most susceptible flood areas by limiting or eliminating development in these regions.
Resilient community design can be difficult to incorporate into an existing community, and
may have to be considered on a case-by-base basis as infrastructure is replaced. Regardless
of infrastructure, communities can establish forecasting systems to predict floods so that
effects can be mitigated in the hours leading up to a predicted flood event (Field et al., 2007:
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626). An effective response plan can build on solid community outreach and education
efforts focused on the nature of flood risks and appropriate responses during a crisis
situation. This outreach can include communication of a relocation plan for areas expected
to be affected by a flood.
In addition to the forecasting system and outreach campaign, communities might decide to
secure some important resources for crisis response. This could include replacement water
infrastructure for wash-out areas. This hardware may be easy to acquire before a flood
happens but in short supply after a flood that has affected numerous communities all
potentially now requiring replacements of the same water distribution equipment. Finally,
training an emergency response crew will ensure that more than one person knows what
mitigation actions need to occur in the hours leading up to and during a flood event.
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CHAPTER 9:
Watershed Governance Adaptations
All of the adaptation strategies discussed thus far will pose unique challenges to First
Nations communities who, in many cases, already face extensive funding and capacity
challenges to properly maintain existing community infrastructure and to participate in water
stewardship initiatives and regional decision-making partnerships. Implementation of most
of the adaptation strategies outlined here will require significant funding, capacity building
and technical research, development and support. This section discusses some areas of
watershed governance that require First Nations participation. Ongoing and active
participation by First Nations in watershed governance and management will require
significant capacity building and funding. In turn, this participation will ease and support
implementation of adaptation strategies for communities and support of watershed
stewardship activities that will enhance overall watershed health for the betterment of all
Canadians.

Local Level Governance
Community-level support is required for local First Nations governments to develop
management plans for water and wastewater treatment facilities. These plans will include
strategies for ensuring proper facility maintenance to support equipment longevity and for
retaining trained water maintenance technicians in employ after their training is complete.
Capacity to respond to Federal funding programs for infrastructure improvements is also
required. Finally water planning should include articulation of community entrepreneurship
opportunities that respond to the community’s specific water needs.
First Nations governments’ management plans should also include source water protection
or land and water use plans to help mitigate and adapt to existing and pending pressures on
water systems. These plans will prioritize source water protection, provision of safe drinking
water and proper treatment of sewage within communities. Source water protection plans
can use community-based watershed monitoring to illustrate the community’s unique source
water quality and to support development of water protection strategies to better that
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situation. To be proactive, source water protection plans should also respond to scans of
the broader region for threats to water from activities outside of the community. Activities
of concern include improper sewage treatment in an upstream community, leaking or release
of industry by-products, and development or disturbance of wetlands or other habitats
performing essential watershed functions.
The Sliammon Natural Resources Committee report, She ‘goymetsht Ams Hehaw Land and
Water Use Plan for Tla’amin Traditional Territory (draft), created by Tla’amin community
members, staff and contractors, is an example of a land and resource-use plan for one First
Nation. This land and resource-use plan outlines the approach used in developing the
comprehensive plan for land, water and resources that can be used in decision-making at
regional watershed, provincial or federal levels. It draws on numerous studies of lands,
waters and resources as well as in-depth community consultations. It provides a good
example of how to approach resource governance decisions with partnership and dialoguedriven approaches.
First Nations governments need to develop strategies to respond to Federal funding
programs that can be used to improve water and wastewater treatment facilities and expand
regional source water protection initiatives. In turn, these programs need to be designed to
enable funding to flow into the community, building capacity through implementation of the
funding program. For example, in the October 2007 Speech from the Throne, the
Government of Canada restated its intention to invest in water treatment and cleaning
contaminated sites. First Nations communities require support and capacity to determine
how these resources should be used in their communities. Other federal programs are not
specifically aimed at First Nations, but can be of benefit if a First Nation puts in the work to
secure this funding. Unfortunately, in many cases First Nations are not eligible to access this
municipal directed funding. For example, Infrastructure Canada is currently funding
improvements to rural wastewater treatment facilities. Of the existing 199 sewage treatment
projects underway, none of these are in First Nations communities. 8

8

See Infrastructure Canada’s online search engine to see which projects are currently underway as part of
their funding program: http://www.infrastructure.gc.ca/ip-pi/mrif-fimr/projectsprojets/AdvancedSearch_e.shtml.
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Community entrepreneurship opportunities can help to fill gaps in community water needs
in cases where treated tap water is unsafe to drink. For example, Peace Hills Pure Water is a
community-based company started by two reserve residents to supply other community
members with bottled drinking water in Alberta (SAY Magazine, Summer 2006: 15). Wahta
Springs Water Co is a bottled-water company run by the Wahta Mohawk First Nation in
Ontario. These companies help to offset water supply gaps resulting from contaminated
waterways and have a community economic development component. While dependence
on bottled water is not an optimum condition, in cases where bottled water is required,
revenue generated from that water should stay in the community.
First Nations communities can also take on the role of watershed stewards for an entire
watershed if provided with adequate funding from other stakeholders in the region who
would also benefit from stewardship initiatives. The best opportunities for taking on such a
role lie in areas whose watersheds are not already being managed by a central authority. For
example, in Ontario, conservation authorities develop source water protection plans for the
heavily populated areas. See Saugeen Conservation (2003: online) for a map of conservation
authorities in Ontario. This map shows space for First Nations in Northern parts of the
province to step in and take the lead in watershed stewardship. Those First Nations within
the range of the conservation authorities in Ontario should be included as equal partners
with the conservation authority in decision-making processes. Currently, First Nations are
merely considered to be stakeholders, and their views and voices are often lost among the
other numerous stakeholders (such as farmers, industry and municipalities) in a watershed.
In B.C., the Fraser Basin Council is an example of a group proactively working with First
Nations in the Fraser River Basin to ensure that the rich knowledge of the First Nations who
have lived in that basin for thousands upon thousands of years is incorporated into and
upheld by the projects undertaken by the Fraser Basin Council. The Fraser Basin Council
recognizes that First Nations within the Fraser River Basin assert Aboriginal rights and title
and that these must be acknowledged and reconciled fairly and justly. The Fraser Basin
Council follows a set of guidelines for working with the First Nations in the basin. These
guidelines include respect and equity, inclusive decision-making, meaningful engagement,
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and upholding the intellectual property rights of traditional and local knowledge-holders
(2006: 23). See the Fraser Basin Council’s document bridge between nations: A History of First
Nations in the Fraser River Basin for more details on the Fraser Basin Council’s activities and
First Nations’ involvement therein.

Regional Level Governance
Water governance and management initiatives are also required at the regional level. As a
Natural Resources Canada (2004) report points out, “water transfers are becoming a more
common approach to water management agreements between parties. These can have
unintended impacts on downstream groups who are not party to the transfer agreement and
can result in over allocation of water resources”. In light of this, it is essential that different
groups living in a region and sharing the same water source are in communication over the
allocation and protection of that water.
Development of partnerships between the different First Nations living within a watershed
is an essential first step toward regional water protection and management initiatives. This
would help to coordinate their engagement in watershed protection actions. Current
watershed-based source protection planning initiatives tend to favour municipalities. This
often means they may focus more attention on supplying clean water to urban citizens than
in protecting and maintaining overall environmental health. As described above, First
Nations must be engaged as equal partners in management, not merely as stakeholders.
Partnerships can be established according to watershed boundaries, as in the case of the
Fraser River Basin initiatives described above. Depending on the nature of initiatives being
undertaken, First Nations may also choose to establish partnerships according to treaty
boundaries. In many cases, treaty and watershed boundaries will overlap.
The need for real partnerships with organizations responsible for developing and
implementing source water protection plans can be further fleshed out through development
of partnerships between First Nations groups and other regional water stakeholders with
similar interests. First Nations require capacity support in order to be active members in
existing and emerging regional watershed advocacy groups and other stakeholders may be
able to support First Nations’ participation. Elder Shirley Sanderson eloquently captures the
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importance of these partnerships: “The environment we live in today is hard. We have to
work together because the Indian people are the scientists to their own land. We need to
work together…We can talk to our relatives, the white man, to slow down on these things”
(Ermine et al., Final Report: 33). Elders from the Haudenosaunee, Anishinaabe (Ojibway
and Oji-Cree), and Mushkegowuk First Nations who participated in a Chiefs of Ontario
focus group series feel, in general, that “cultural or traditional teachings about water are a key
factor missing from current decision-making processes regarding water” (Lavalley, 2006: 26).
First Nations representatives can bring these views to the table through establishing
partnerships with other water advocacy groups who are willing to recognize and uphold
Aboriginal rights and title as well as intellectual property rights in relation to local and
traditional knowledge.

National and International Level Governance
Finally, First Nations governments require capacity support to participate in water
governance and management decisions at the national and international level. Existing
governance structures for water policy in Canada lack a strong central authority (CIIA, 2005:
16). Furthermore, First Nations have not historically been involved in these agreements and
this has to change. First Nations are not “stakeholders” in water management decisionmaking -- they are governments and expect to participate in government-to-government
partnerships in their own right. As national water policy issues are resolved in the coming
years, effective participation by First Nations governments will be an essential part of
developing meaningful solutions.
First Nations have historically been excluded from water-sharing agreements. The 1985
Great Lakes Charter, an important agreement governing provincial and state withdrawals of
water from the Great Lakes basin was signed by 8 governors and the premiers of Ontario
and Quebec but no First Nations representatives (CIIA, 2005: 15).
A current example of this ongoing exclusion lies in the memberships of the Canadian
Council of Ministers of the Environment (CCME), whose projects include development of
water quality guidelines for protecting aquatic life and a strategy for managing municipal
wastewater effluent and drinking water (CCME, 2007: online). The CCME focuses “on
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issues that are national in scope and that require collective attention by a number of
governments” (emphasis added, CCME, 2007b: online). However, the CCME is
comprised of the environment ministers from the federal, provincial and territorial
governments and includes no representation from First Nations governments (CCME,
2007b: online).
Meaningful participation by First Nations governments in national and international level
water management and partnerships requires that First Nations governments be provided
with enough resources to allow them to participate fully as partners in decision-making
processes with the Government of Canada. In addition, during consultation processes and
partnership meetings, First Nations governments, representatives and community members
require adequate informational support to facilitate fully informed decisions not made under
duress.
Water jurisdiction in Canada is a complex and unresolved issue. It is not yet determined
whether Federal, provincial or territorial governments hold a fiduciary and constitutional
obligation to ensure that First Nations are able to enjoy their full water rights, as provided in
treaties. As jurisdictional issues and treaty rights are resolved, it will be important for First
Nation communities to reflect on who has responsibility for keeping water healthy and what
the roles of individual communities should be in the watershed-wide and continent-wide
governance process. This will vary between communities and will play out at local, regional,
national and international levels.
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SECTION III:
Climate Change Adaptation Case Studies
At a broad level, the three main challenges associated with climate change impacts on water
concern water quality, water availability, and watershed vitality. This section will look at
each of these challenges in more detail and provide examples of how First Nations
communities are currently addressing these issues.
TEXT BOX 5:

CASE STUDY 1:
Drinking Water Treatment
Adaptations
As discussed in the preceding section, water
treatment infrastructure will have to be updated
to deal with everything from extreme weather
events to poorer water quality. It is expected that
water treatment systems will need to be able to
process higher loads of nitrates and other
pollutants (in both ground and surface waters)
that result from lower water levels accompanied
by higher levels of leaching and sediment erosion
and higher water temperatures.
Poor quality raw water is not particular to climate
change impacts – many First Nations
communities currently only have access to low
grade water for drinking and other use.

Biofiltration vs. traditional
manganese greensand filtration
technology
~

Conventional groundwater treatment
processes use manganese greensand pretreatment combined with reverse osmosis
(RO) membranes. The biofiltration and RO
membrane process developed at Yellow
Quill has the following advantages:
Biofiltration works more smoothly than
manganese greensand pretreatment:
• No chemicals required
• Uses an inexpensive long-lasting
Filtralite® Expanded Clay filter
• Increases longevity of RO membranes
The method requires few operator
interventions:
• It can operate continuously for more
than 30 days
• Time interval between membrane
cleanings is > 1 year
• Time interval between filter
backwashes is >10 times greater than
for greensand filtration
This results in overall improved work
quality for operators, as backwashing and
chemical handling is reduced when
compared to manganese greensand
systems.
The method is cost-effective, due to
overall low chemical use, low required
chlorine doses and low antiscalant action
ahead of membranes.
(Peterson et al, p2 online)
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Biofiltration Technology Development at Yellow Quill First Nation
Recent experience at the Yellow Quill First Nation in Saskatchewan provides an example of
successful resolution of the above set of problems in one community that had access only to
poor quality surface and ground water. This community showcases the development of a
relatively simple system to treat poor quality groundwater.
All water sources available to the Yellow Quill community are low quality. This resulted in a
nine year Boil Water Advisory, from 1995 – 2004. The community’s surface water source
was contaminated by upstream septic systems. The groundwater in the region is naturally
“brackish”, meaning that it is somewhat salty and non-potable, with high levels of calcium
and magnesium salts. Arsenic, sulphate, ammonium and organic matter were also present in
the groundwater, making it difficult to treat (Peterson et al., 2007: 31).
Researchers worked in the community to apply a new treatment technology able to process
the poor-quality groundwater. This treatment method uses biological filtration combined
with reverse osmosis membranes in place of conventional manganese greensand pretreatment. The biological filtration process is a good replacement because it uses inexpensive
filtration material, doesn’t require costly chemical additions for treatment and demands little
direct operator intervention for regular operations (Peterson et al., 2007: 34). The
community’s new water treatment facility has been successfully treating this poor quality
water source to provide high-quality drinking water for the past three years (Peterson et al.,
2007: 34). Two other water treatment plants have implemented the water treatment process
piloted at Yellow Quill (Peterson et al., 2007: 34).

Biofiltration Technology Applied at Saddle Lake Cree Nation
A pilot project at Saddle Lake Cree Nation in Alberta is currently investigating applications
of the Yellow Quill biological filtration process combined with reverse osmosis (RO)
membrane treatment to deal with the poor quality surface water available in that community.
A pilot water treatment project using biological filtration and RO membranes has been
operational at Saddle Lake since August 1995. The alternative chemical treatment method
being used by the community costs $500 of chemicals per day while the pilot method costs
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less than $10 per day (Petersen, May 21, 2007: online). A full water treatment facility using
the pilot treatment method should be operational in the community within the year as long
as funding is maintained.

Biofiltration Technology Applied at the George Gordon First Nation
In 2000, the George Gordon First Nation in Saskatchewan got the first full-scale Reverse
Osmosis (RO) Membrane plant on a reserve in Western Canada. With treatment flows of 5
L/second, it remains one of the largest RO plants. The plant was using manganese
greensand pre-treatment for the water before it entered the RO membrane. This presented
ongoing problems to plant operations until biological filtration was adopted in place of the
manganese greensand method in December 2005 (Pratt, 2006: online and Peterson, 2007:
online).
Using RO membranes for water treatment is not a catch-all solution that will be applicable
for all communities. While manganese greensand filtration can be inconvenient and costly
because of its reliance on chemical inputs, RO membrane filtration requires a high energy
input. These different costs must be considered by communities choosing between these
technologies and other treatment options.
Additional research into small-scale water treatment technologies is being conducted by a
research team at a groundwater laboratory located at the George Gordon First Nation and a
surface water laboratory located at Saddle Lake Cree Nation. With virtually no funding,
research and development of advanced water treatment processes is being carried out. Both
labs work with the regular operations of water treatment facilities in those communities. The
goal of this work is to document new water treatment solutions and to share them with
other communities (Safe Drinking Water Foundation, 2007: online).

Aboriginal Advanced Water Treatment Team (AAWTT)
The research and development being undertaken at the George Gordon First Nation and
Saddle Lake are part of a larger effort among First Nation communities to make water
treatment processes more cost-efficient and effective. The Safe Drinking Water Foundation
is supporting this goal by training First Nation “Water Keepers” and forming the Aboriginal
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Advanced Water Treatment Team (AAWTT). Members of the AAWTT are highly trained
water operators skilled at treating poor quality water. On-reserve political leadership
supports continued training for community “Water Keepers” in the chemistry and biology
of water treatment, troubleshooting to assess water treatment challenges and informationsharing among community experts. The long-term goal of the AAWTT is to develop a
unique body of water treatment knowledge and to share this knowledge throughout Canada
and around the world. In summary, the AAWTT “is a team of volunteer participants dedicated to
the advancement of water treatment processes on aboriginal reservations in Canada. Team members will help
each other resolve water treatment problems when using advanced water treatment processes.” (Safe
Drinking Water Foundation, 2007: online).
This technology development on these reserves and the work of the AAWTT showcase a
path forward for First Nations that are struggling with water filtration. Training water
experts and leaders in First Nation communities will be an essential element of furthering
research in this area to ensure that all communities can respond to existing and future water
treatment challenges related to climate change and other stressors impacting water quality.
Funding support for this training, aimed at building community capacity to identify and
respond to drinking water treatment challenges, should be a central part of federal
government spending on fixing First Nations’ drinking and wastewater treatment systems.
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CASE STUDY 2:
Water Allocations and First Nations Leadership
Water scarcity is predicted to become an increasing problem as drought conditions become
more frequent and water demands from human users rise. As discussed previously, the
greatest impacts are expected to be felt the Canadian prairies and the Great Lakes-St.
Lawrence. In the former region, semi-arid conditions combined with water-intensive
agricultural operations will contribute to water scarcity (for elaboration, see PARC, online
and Schindler, 2007: 21). In the latter region, supply-demand mismatches and water
allocation conflicts are predicted for most climate change scenarios (Natural Resources
Canada, 2004: online). This section will consider the particularities of the Prairie water
situation and the challenges in water allocation that stem from the multiple users vying for
water in that region.
The prairies face a special challenge, as groundwater in the prairies tends to be poor quality,
due to large salt deposits, resulting in brackish well water (Peterson, 2007: 29). Furthermore,
rural areas in the prairies tend to have high levels of dissolved organic matter and a lot of
agricultural runoff, creating additional water quality challenges (Peterson: p162 online).
Human water-use pressures exacerbate this situation. Water-intensive irrigated agriculture
and livestock operations are common throughout the region. According to Gauthier and
McPhee (n.d: 8), the Plains region of Canada is one of the most “owned” landscapes in
North America. This means that there are many special interest groups involved when
decisions about water use are being taken or when government programs are being
implemented. Special interest groups vying with First Nations for water access include
private owners and lessees, as well as rural and urban municipalities, provincial and federal
governments, industries, agriculture and a host of other regional users.
Amidst these multiple pressures for withdrawal, there is little “integrated catchment
planning” in the Western Prairie provinces. This means that ecological instream flow 9 needs
9

“instream flow needs” refer to a water body’s requirements to maintain instream flows and out-of-stream
replenishment to support biotic and abiotic processes. Intra- and inter-annual flow variability should be
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and lake levels are often ignored or underestimated. This can result in allocation of more
than 100% of a river’s water, leading to water conflicts between licensed users (Schindler and
Donahue, 2006: 5).
Accounting for climate change will require implementation of water conservation measures
that account both for poor quality source water and reduced quantities of water. Water
conservation solutions will range from emphasis of drought-tolerant crops for agriculture
practices to installation of soft path water systems for municipalities.
Water-use prioritization will be an essential element of such conservation strategies.
Prioritization is required to ensure that ecosystem and human consumption needs come
before other industry and resource extraction water-use pressures. The potential for prairie
drought should be accounted for in emergent government policies and programs. For
example, the October 2007 Speech from the Throne states: “The agricultural sector will
benefit from our government's promotion of bio fuels and the new Growing Forward
agricultural framework.” Water-demands associated with this new agriculture program must
be balanced with the drier climate emerging in the prairies. Effects of water extraction on
regional watersheds and resultant flows and quality of available water should be carefully
monitored and the precautionary principle 10 should be applied.

Piikani (Peigan) Nation Experience
In light of this range of pressures, First Nations communities will increasingly have to take a
proactive stance to assert their rights to water. For example, one proposed solution to the
projected rise in drought conditions is to rally support for increased irrigation to support
existing and future agricultural activities, as described above. Diefenbaker Lake in
Saskatchewan (fed entirely through damming) is a proposed water source for irrigation in
case of drought (Mehdi et al., 239). Regional First Nations communities need to assess the
accounted for and maintained when determining a waterway’s instream flow needs and appropriate
extraction volumes (Clipperton et al., 2003: 194).
10 According to the precautionary principle, if an extractive industry or other practice may cause irreversible
harm to the environment then it should be considered harmful until proven otherwise. This means that
proponents for new developments must prove that their actions will not negatively impact the environment
before they enact their project or development.
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impacts that using water from Diefenbaker Lake for agricultural purposes will have on
surrounding watersheds and the availability of adequate good quality water.
The experiences of the Piikani (Peigan) Nation provide some insight into the ways in which
a First Nation may be adversely impacted by regional water extraction and diversions and
how this community has dealt with those impacts. The section that follows is summarized
from a presentation at the Prairie Water Quality Symposium in Winnipeg in September 2005.
See Phare (2005) for the entire presentation.
Piikani First Nation water access is compromised by water developments in proximity to the
First Nation. These include: Intense livestock operations near water courses; water reservoirs
(dams - changes in timing and quantity); homesteads and recreational housing in the riparian
(streamside) area; and industry (logging operations; oil & gas; agriculture). In contrast, the
watershed within the First Nation is almost in its natural state and has restricted
development in riparian areas.
The Piikani First Nation settled with the Alberta government in 2002 because of the
widespread impacts to their watershed outside of the First Nation. Despite this settlement,
the Piikani First Nation still lacks funding to create necessary riparian monitoring and
protection programs to maintain the health of the watershed for future generations. Piikani
First Nation also requires additional capacity to engage in meaningful decision-making
processes with other governments in the watershed to coordinate better overall care for it.
To support development of more enlightened governance strategies for the watershed as a
whole, the First Nation also requires capacity support at the grassroots level to engage in
collaborative partnerships with other water stakeholders that might move watershed-wide
governance plans forward.
The Piikani Nation’s experiences highlight the challenges associated with resolving
watershed disputes, even in light of a settlement in favour of the nation. More work and
positive experience are required to guide First Nations communities forward as they assert
their rights to water. It will be worthwhile for communities to consider how they can play a
role as stewards for entire watersheds, leveraging funding from regional stakeholders and the
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Government of Canada to perform this valuable service that will benefit Canadian
ecosystems and the Canadian human population.

77

CASE STUDY 3:
Lifestyle Adaptations
The third major area of impact resulting from climate changes will be to First Nations’
lifestyles. This is alluded to by the discussion of wild rice harvesting in Section I. As cited in
that section, climate change is having detrimental effects on wild rice habitat. This case
study uses wild rice as an example to illustrate the widespread impacts that climate change
impacts to water will have on lifestyle. The widespread impacts of changes to wild rice
habitat and harvest can be extrapolated to any number of land and water-based activities in
which people engage, as these will all be impacted by climate changes. Examples of other
affected activities include fishing and hunting; spiritual, subsistence and medicinal plant
gathering; and winter travel on ice highways.
Possible climate change impacts to rice harvesting practices will start with changes to habitat
conditions. Dry summer conditions and dry grasslands are encroaching on what are
currently shallow marshy areas that create ideal wild rice habitat. The deep, flooding waters
associated with higher winter and early spring water flows that are becoming more common
can delay germination of wild rice seeds on lake and river bottoms, resulting in crop failure.
Lower summer water levels may cause mature wild rice stalks to break under the weight of
the developed fruithead. Low summer water levels might also make the rice beds
inaccessible to harvesters. Prolonged drought conditions can shift entire ecosystem
dynamics, making traditional wild rice habitats more suitable to invasive shallow water
species. Water collection and diversion projects may further alter ecosystem conditions,
reducing the range of habitat suitable to wild rice growth (National Assessment Synthesis
Team, 2000: online).
Some of these impacts are already being witnessed. For example, the 2005 Saskatchewan
wild rice harvest was swamped by high water levels. The approximately 200 growers in that
province harvested only 350,000 pounds of rice that year, compared with a 10-year average
of 2.5 million pounds (Pratt, 2005: online). In addition to climate change impacts, wild rice
habitat faces pressure from tourists and vacationers who prefer clear deep lakes to the
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swampy shallow lakes that support wild rice growth (Paulson, 2006: online). Finally, the
integrity of wild wild rice seed stocks are threatened by genetic manipulation and crop
domestication (LaDuke, 2007: online).
This combination of factors paints a dismal picture for the future of wild rice harvesting.
Many reserve locations were originally selected to ensure continued access to culturally
significant resources like wild rice. In order to maintain these cultural traditions, First
Nations will have to develop strategies to ensure their longevity. For example, Ojibwe tribes
in the Northern US are working to differentiate wild and cultivated wild rice and to promote
and protect the wild strains. Their work is analogous to the fair-trade struggle of coffee
farmers around the world, and these people are starting to regain an economic foothold
within the wild rice economy. At the heart of this movement is the intention to keep and
protect the rice and to remain connected to the land and water and traditional ways of life
(LaDuke, 2007: online).
Climate change adaptation strategies for First Nation communities who harvest wild rice
include raising awareness among all Canadians of the cultural importance of wild rice in
these communities. This awareness raising should also focus on the unique characteristics of
wild rice habitat, its ecological sensitivity and the requirement to protect and preserve this
habitat as much as possible.
Within communities, First Nations should identify existing habitat regions to be protected
and cared for as much as possible. This may include mapping projects so that these regions
can be identified as culturally, spiritually and ecologically significant areas that are to be set
aside for community wild rice harvest practices. These identified areas would be protected
from outside interests such as highway developments, extractive industry or other
prospecting behaviour. In addition to mapping existing areas of significance, communities
may also choose to try to identify areas that might support wild rice growth in the future as a
result of changes to waterways. Protecting these areas and laying the groundwork for
community access to these areas for harvesting purposes could also be incorporated into
community land use planning projects.
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Communities will have to leverage funding and support for these initiatives. This could be
achieved through numerous approaches. Examples include working with stewardship
partners who recognize the importance of integrating human cultural relationships with the
land into their stewardship programs to taking advantage and Federal government programs
that provide funding and hardware support for GIS mapping applications in support of
community planning initiatives.
Success of the above initiatives will require creative strategies on the part of the First Nation
communities implementing them. Protection of cultural resources and knowledge will be
central to successful awareness campaigns. For example, maps of important cultural
locations can be created so that the information is held within the community. Such a map
will indicate a regionally significant area without providing exact locations of rice harvest or
other sacred activities.
The most difficult part of this work will lie in the actual loss of viable wild rice habitat
through climate change impacts to waterways. Harvesters will have to scan their regions for
emerging new habitat and be proactive in developing formal and informal partnerships to
enable ongoing harvest in new locations, as culturally and spiritually appropriate.
Partnerships with local stewardship groups may play an important role in enabling this
access. In addition to efforts aimed at maintaining historic rice harvesting practices,
community members should also be prepared to embrace new ecosystems as they emerge
and to maintain traditional relationships with historic sacred places through activities
appropriate to those emergent ecosystems.
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SECTION IV:
Next Steps & Additional Research
The Government of Canada is funding significant climate change adaptation research
through Natural Resources Canada, Environment Canada and Indian and Northern Affairs
Canada programs. As discussed at length throughout this paper, for this research to aid First
Nations communities in their adaptation processes, capacity support is required so that
community members can develop their own funding proposals to carry out projects in the
community by community members on topics deemed important by those communities.
First Nation governments also require support to develop their own adaptation plans and to
guide community-level efforts in a coordinated manner.
Discussion thus far has identified a series of challenges for ensuring ongoing and reliable
access to safe drinking water and vital waterways. To support development and
implementation of real solutions, the information contained in this report should be
considered at the regional and local levels – challenges will vary across the regions, and each
community will have to assess its unique vulnerabilities. Adaptation priorities for a single
community may be focused on upgrading drinking water systems, developing watershedwide source water protection plans or in asserting Aboriginal and Treaty rights to water. In
addition to adaptive response, it is essential for mitigation strategies to be implemented that
address the links between climate change and energy production. Adoption of ‘cleaner’
energy production practices will simultaneously slow the mechanisms causing climate changes
and reduce the stress being placed on water as the climate changes. This will result in less
compromised waterways requiring fewer adaptive measures at the community level.
The remainder of this section identifies a range of additional research topics required to
better support water treatment technologies and water management decision-making in light
of climate change. For this additional research to be effective in providing real solutions to
the water challenges facing First Nations, coordinated efforts are required. This means that
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academics, technical experts, industry, the private sector, traditional knowledge holders, the
general public and other special interest groups need to continue developing networks and
partnerships to work better together and to avoid duplicating each others’ work. Research
efforts must be accompanied by strong community-awareness campaigns directed at leaders,
water technicians and community members. Generating awareness will support
development of community-based initiatives that respond to projected climate change
scenarios. Both community awareness and additional research are required to provide
solutions that can be applied to the unique and varied community contexts that exist.
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CHAPTER 1:
Additional Water & Wastewater Treatment Research
Groups actively conducting research on topics relevant to rural communities and water
treatment include the Canadian Water Network, the Safe Drinking Water Foundation and
the Aboriginal Advanced Water Treatment Team, among many others. Research topics
include water management best-practices for rural water distribution systems, membranefiltration drinking water systems and using wetlands for treating wastewater in cold
climates. 11
Additional research to support the development of robust, climate change-resilient, smallscale water and wastewater treatment facilities is required. Some required research topic
areas are described below.

Water Conservation Best-practices:
On-the-ground development and testing of soft-path water systems and water conservation
hardware is required. The soft-path management approach emphasizes the projected end-use
of water in infrastructure planning, providing water suitable to its destined end-use. Water
conservation technologies include low-flow tap and shower heads and maintenance of water
distribution piping to reduce loss of treated water through leaks.

Long-term Water Storage Capacity Designs:
Design solutions that account for rising air temperatures and increased algal and bacterial
growth in standing water will be required. Long-term storage of water is a common
adaptation strategy for responding to earlier spring melt dates and subsequent summer
drought conditions but water must be stored in such a way that it is suitable to drink when
the need arises.

11

See Canadian Water Network online for more details about these research projects at: http://www.cwnrce.ca/index.php?fa=Research.showTheme3
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Ultraviolet Disinfection:
According to Health Canada (2003: online), recent studies suggest that ultraviolet light
inactivates both giardia and cryptosporidium, two waterborne parasites that small facilities
without filtration cannot treat. Development of ultraviolet or other technologies to treat for
these parasites is required (AWWA, 2006 in IPCC, 2007: 189), especially since climate
change studies predict increased incidence of parasite outbreaks in years to come.

Desalinization Technology:
Environment Canada recommends the use of desalinization technology for coastal
communities whose access to fresh water is compromised by rising sea levels. Solar
desalinization is one example of a technology that can make saltwater drinkable. Waste heat
from a power plant or other industrial facility can also be used for desalinization purposes.
Additional testing for the Canadian climate is required to determine the applicability of the
different available desalinization technologies. To provide a viable solution these
technologies must be able to function in cold temperatures and be inexpensive to install,
operate and maintain.

Algae Blooms:
Additional research is required to develop inexpensive technology able to filter intermittent
outbreaks of algal blooms in water (Environment Canada, 2001 in IPCC, 2007: 188). These
intermittent outbreaks currently cause problems for filtration plants not set up to deal with
high concentrations of organic matter in raw water. While removal of non-toxic algal
blooms doesn’t hold the same life or death urgency as the toxic blooms, this is still an
essential step to maintaining proper functioning of water treatment equipment.

Toxic Cyanobacteria:
Additional research is required to ascertain what water and weather conditions support the
growth of the toxic cyanobacteria and how best to treat drinking water when these bacteria
are present. Current research shows that cyanobacteria blooms only become toxic under
certain conditions. The conditions that support production of toxins remain unclear. The
same species does not always produce the same type of toxin, toxins are not consistently
present in a single species, nor are single species always toxic (Boyer, 2006: 2, 3). Additional
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research is required to ascertain what conditions cause cyanobacteria to produce toxins and
how to mitigate toxin production.
Current research on toxic algal blooms focuses on developing cost-effective monitoring
strategies to reduce presence of toxic bacteria in drinking and recreational waters. The
Monitoring and Event Response for Harmful Algal Blooms in the lower Great Lakes
ecosystem (MERHAB-LGL) has applied a range of research techniques to gain more insight
into how to keep water safe for drinking and swimming. The Great Lakes Research Review,
Volume 7, 2006 provides a rundown of current research completed on this topic for the
Great Lakes. This review indicates that additional research is required to better understand
why some blue-green algae blooms become toxic, how best to monitor blooms for toxicity
and how best to filter drinking water that may contain toxins.
First Nations-specific research will focus on developing monitoring techniques that depend
emphasize inexpensive methods to test and treat for toxicity. Community monitoring
programs have been successfully piloted in some areas of the Great Lakes and may present a
viable solution. Emergent novel understandings of toxins can help to inform source water
protection initiatives that strive to minimize conditions that foster toxic algal blooms.
Simultaneous research is also required to develop drinking water treatment systems that are
able to detect and remove these toxins when they are present.

Water treatment facilities designed in response to specific water
characteristics:
For example, the facility designed at Yellow Quill First Nation works with the poor quality
groundwater available to that community. This technology is applicable for other
communities, as described in Section III. However, additional technology development will
be required to respond to the unique and specific water quality challenges presented by
different raw water sources.
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Uptake of Nutrients and Toxins:
In drought conditions, wastewater may be used for agricultural irrigation or otherwise rerouted back into a waterway or consumptive use before being adequately filtered. While the
use of wastewater to produce food is cited mainly as a potential problem requiring research
in developing countries (IPCC, 2007: 189), this may also become an issue for droughtsensitive regions in Canada as well. Research into appropriate treatment of wastewater for
rapid reuse is required in light of impending droughts and water shortages.
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CHAPTER 2:
Research to Support Water Management & Decision-Making
Additional research is also required to support informed water management decisions and
sound water policy. Topic areas are multiple and are described below:

Groundwater Monitoring
Better monitoring of groundwater aquifers is required to support sound decision-making.
Monitoring initiatives should include both total amounts of water contained in aquifers and
the volume of that water that is renewable and should be conducted over the long-term (Diego
Rivera in CIIA, 2005: 8). Research on groundwater’s role in ecosystem functions, the
dynamics of groundwater-surface water interactions and aquifer recharge rates is also
required to better support decisions on water extraction (Diego Rivera in CIIA, 2005: 8).
Research, monitoring and aquifer mapping in Canada-U.S. border regions should be
consistent and interoperable across the border as management decisions on one side of the
border will affect the water on both sides.

Surface Water Data Analysis
Surface water sources have been more consistently monitored and measured than their
groundwater counterparts. More analysis of water monitoring data (including water
temperatures, water levels, precipitation levels, freeze and thaw dates and glacier size and
runoff) to better understand relationships among these and other variables is the essential
added step required to support better water decision-making.
Federal government departments like Environment Canada need to maintain, re-establish,
and expand water quality monitoring programs in order to ensure that comprehensive
records of surface water data are kept over the long-term to support current and future
water management decisions. In cases where water quality monitoring programs have been
curtailed, these should be renewed. For some areas there are gaps in historic raw water
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quality data. Identifying these gaps in historical information can aid decisions on what data
to collect now to support future decision-making.
Existing water quality monitoring programs should also be expanded. Early warning stations
should be established to test waters of variable quality for contaminants of concern that may
be unique to a particular area. This is especially important in industrial and resource areas
such as mining tailings ponds.
Finally, emergent technologies like microbial source tracking (MST) can also be used to
support better water decision-making. MST is an approach to tracking microbial
contaminants in water to their point or non-point source. 12 This can enable communities to
uncover sources of inadvertent water contamination as well as blatant contamination sources
where the polluter can be held accountable. MST requires further piloting research and may
be tested in communities suffering from recurring surface water contamination of unknown
origins.

Computer Mapping
Community-level computer mapping technologies can also be developed to support
water management decisions. Communities can use GIS applications to map their
knowledge and make better informed decisions. GIS mapping can also be used in water
management discussions with other governments. Support is required to provide training to
interested communities. Natural Resources Canada’s GeoConnections program provides a
good opportunity for First Nations involvement. Location of abandoned wells in First
Nation territories need to be identified and mapped so that they can be capped and properly
decommissioned. Flooding can compromise aquifers and threaten the community’s water
supply.

Rural Adaptation Best Practices
Establish a community of practice for rural community adaptation to climate change.
Rural communities face unique challenges when adapting to climate change. A case study
12

For more information on Microbial Source Tracking, see:
http://www.safewater.org/Client_Content/Uploads/CSEB_Spring_07.pdf: page 8.

88

currently being conducted by the Ecosystems Climate Change and Health Omnibus project
(ECCHO) asks what the process is to building social and ecological resilience to reducing
vulnerability to climate change impacts (2007: online). Findings of studies such as this one
can help to guide First Nations governments in developing water policy and adaptation
strategies.
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CHAPTER 3:
Treaty and Aboriginal Rights/Ownership Over Water
The climate change adaptation research and programs currently underway through multiple
Government of Canada programs must account for treaty and aboriginal rights that include
water rights. Currently climate change is not considered as a treaty and Aboriginal rights
issues. However, any activity whether intentional or not, that has the potential to infringe on
treaty or Aboriginal rights must be discussed in that context. Therefore the current
discussion on climate change must include treaty and
Aboriginal rights.
Section 35(1) of the Constitution Act, 1982, recognizes and
affirms existing aboriginal and treaty rights. First Nations
have constitutionally protected treaty rights that includes
the right to water within their traditional territories and
these rights must be recognized and upheld by all levels of
Canadian government. An in-depth discussion of this topic
is beyond the scope of this paper. The remainder of this
chapter touches on a few key issues requiring further
research and development of advocacy strategies. This
section is included in order to highlight the necessity of completing additional research and
analysis of treaty and aboriginal rights with respect to climate change impacts for First
Nations.
As quoted in the introduction to this paper, Anishinaabe Oji-Cree Elders describe references
to water within their treaties:
“A treaty was negotiated and concluded by our ancestors to last forever
for ‘as long as the rivers flow.’ Water signifies the everlastingness of this
treaty relationship. The inherent right to water was never surrendered in
the treaty. The Crown recognized that we would continue to exercise our
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inherent right to water without interference or molestation…the settler
population’s government must be reminded of their treaty obligations”
(in Lavalley, 2006: 34).
To First Nations, waters are an integral element of the landscape that cannot be separated
from the earth, air and living beings that also comprise it. Water rights are explicitly
identified in some treaties. For example, Treaty Five states that the First Nations will allow
settlers free navigation though their waters. This indicates a legal ownership right exercised
by the Treaty Five Nations. Court decisions validate First Nations’ views on the
inseparability of water from their rights by affirming the need for liberal interpretations of
treaties in cases where meanings are vague. In the Supreme Court of Canada decision
Nowegijick v. The Queen (1983) Dickson J. stated: “treaties and statutes relating to Indians
should be liberally construed and doubtful expressions resolved in favour of the Indians”
(Union of B.C. Indian Chiefs, 1991: 26).
While there is no doubt in the minds of First Nations or in the cited court decisions that
First Nations exercise treaty and aboriginal rights over water, vast practical changes are
required for these rights to actually be exercised by First Nations. The March 2008 jailings
of Kitchenuhmaykoosib Inninuwug (KI) Chief, band members and councilors over their
refusal to allow mining prospectors on their lands provide a poignant illustration of the
current failures of industry and the Canadian government to recognize and uphold aboriginal
and treaty rights to lands and waters. Strategy development and solidarity among First
Nations are required to begin to overcome these significant obstacles.
In addition to failures by government and industry to recognize Aboriginal title, further
challenges lie for First Nations in asserting title rights that change with new contexts. This is
especially important in light of climate change impacts to water, as these will change
ecosystems and landscapes as they have existed in the past and continue to exist today. The
Sparrow [1990] decision affirmed that Aboriginal title must be interpreted flexibly, allowing
rights to evolve over time. In its decision, the Supreme Court emphasized that section 35 of
the Constitution Act, 1982 “must be given a generous, liberal interpretation in light of its
objectives to permit the evolution of rights over time” (Allain, 1993: online). This matter
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requires further resolution: First Nations’ lands and waters are being impacted extensively by
the presence of Canadians in their territories. Climate changes will exacerbate these impacts.
‘Non-traditional’ uses of land and water must be upheld as part of First Nations’ rights, as
these allow First Nations to adapt to changing environmental conditions as they present
themselves. This means, for example, that treaty rights must be extended to include
incoming invasive species, especially in cases of extirpation of traditionally significant
species. In addition, it means that First Nations must be vigilant in ensuring that new
legislation does not justify infringement of existing aboriginal and treaty rights. A prime
example of such threatening legislation is the Species At Risk Act (SARA), which may give
the Government of Canada the power to infringe existing aboriginal and/or treaty rights
with justification based on conservation.
Significant apology and remediation on the part of Federal, Provincial and Territorial
governments are required to truly “recognize and affirm” aboriginal and treaty rights, as
identified in section 35 of the Constitution. This remediation will most certainly be slow to
arrive. In the meantime, First Nations can lead by example to demonstrate an evolving and
functional relationship with lands and waters to the rest of the Canadian population who is
struggling so thoroughly to understand how to live in on this continent without destroying
all of its natural systems. In doing so, First Nations can demonstrate what aboriginal and
treaty rights mean in practice and the type of relationship with the environment exemplified
therein. The Hupacasath First Nation provides a straightforward and positive example of
how First Nations can demonstrate such a functional way of relating with the natural
environment. This community partnered with Svnex International subsidiaries, Ucluelet First
Nation and the City of Port Alberni to form Upnit Power Corporation, a small-scale hydro
development. This project demonstrates the application of a small-scale power project that
doesn’t devastate the watershed in which it is located. The First Nation is taking advantage
of forecast energy shortages in B.C. and providing an alternative, green source of energy
(Wiwchar, 2005: online). Best practice examples like this one can help to open a path
forward for assertion of aboriginal and treaty rights and development of realistic adaptation
strategies that will allow First Nations communities to flourish as the climate changes in
years to come.
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CONCLUSION
Climate change will have significant impact on First Nations throughout Canada. Predicted
impacts to fresh and salt water will require implementation of adaptation strategies by First
Nation communities. Both impacts and adaptations will vary widely depending on
geographic location and the particular impacts experienced in each locale.
Successful adaptation by First Nations will require solutions that acknowledge and work with
current on-reserve water conditions. Many First Nations currently have access only to poor
drinking water. As new drinking and wastewater treatment facilities are built, plans must
account for predicted climate change impacts to source water so that treatment facilities
remain resilient and able to provide high quality, safe drinking water well into the future.
Successful assessment of regional climate change impacts to water and development of
adaptation strategies will depend on additional research, novel governance strategies and
recognition by Federal, Provincial and Territorial governments of Aboriginal and treaty
rights to water. First Nations require capacity support to establish community-based
projects, participate as equal partners in government water policy making at all levels, and to
steward the health of waterways so that these vital ecosystems are not unnecessarily
compromised by the changing climate. Through successfully adapting to changing water and
climate, an opportunity exists for First Nations to assert themselves as stewards of all water
in order to ensure that this sacred element continues to exist for generations into the future.
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