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Abstract

Floodwaters from the Assiniboine River are typically diverted to Lake Mani-
toba and then Lake St. Martin to save the City of Winnipeg and Portage la
Prairie from flooding. The four Indigenous communities living Lake St. Mar-
tin basin experienced many negative impacts, including long-term displace-
ment after the 2011 flood. Data analysis of historical water levels of Lake Ma-
nitoba and Lake St. Martin were conducted to understand the impact of con-
trol structures and water levels. Satellite imagery allowed geographic infor-
mation system (GIS) raster analysis of the shoreline change of Lake St. Martin
before and after the 2011 super flood. From 1986 to 2010, the Lake St. Martin
area increased slightly by approximately 0.63% but in 2011 the lake area in-
creased by 13%. 11,000 acres were lost mainly around Lake St. Martin First
Nation (LSMFEN) reserve and the Little Saskatchewan First Nation, as a result
and many houses and other buildings (churches, band offices, etc.) flooded in
these communities. The shoreline change analysis showed that, in particular,
the west and north shoreline of Lake St. Martin lost its beaches and lakefront
properties, to become swampland after the 2011 flood. Thousands of Indi-
genous people were displaced for eight years, as the community could only
start to rebuild its infrastructure and houses on higher ground after a gov-
ernment settlement was reached.
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1. Introduction

Floods are forces of nature, which humans are powerless to stop, although

floodwaters can be diverted (Thompson, 2015). Indigenous communities, all
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over the world, have been placed on marginal land to provide prime land for set-
tlers, which makes Indigenous communities vulnerable to the impacts of flood-
ing (Thompson, 2015). However, upstream dams and water control structures
create further vulnerabilities as evident from the higher number of displaced In-
digenous communities than settler communities (Ballard & Thompson, 2013;
Thompson, Ballard, & Martin, 2014). Statistically significantly higher risk of
death and injuries result for downstream communities from dams and water
control structures (Zahran et al., 2008).

In 2011, floodwater from the Assiniboine River in Manitoba, Canada was
flowing towards residences and infrastructure in Portage La Prairie and the City
of Winnipeg, as well as farmer’s fields. However, the flooding impacts were di-
verted north to flood Indigenous homes, churches as well as bury roads and
beaches around Lake St. Martin. This water diversion resulted in the long term
evacuation of entire communities, including Lake St. Martin First Nation
(LSMEN), Little Saskatchewan First Nation and Dauphin River First Nation
(Manitoba Infrastructure, 2018). The 2011 flood in Manitoba was nicknamed the
“super flood”, due to the extremely high water levels on the Assiniboine River
leading to high levels in Lake Manitoba and Lake St. Martin, causing long-term
negative impacts. Indigenous people were evacuated from the communities sur-
rounding Lake St. Martin.

Many Indigenous First Nation communities living along the shoreline of Lake
St. Martin, including Lake St. Martin, Little Saskatchewan, and Dauphin River
First Nations, were negatively impacted. The entire community of LSMFN, an
Indigenous community of 2867 people, (Indigenous and Northern Affairs Can-
ada, 2019) was forced to evacuate their reserve within 24 hours, and remained
displaced for eight years (Crabb, 2018). As well, half of both Little Saskatchewan
First Nation, with a population of 1322 (Indigenous and Northern Affairs Can-
ada, 2019) and Dauphin River, with a population of 389, (Indigenous and North-
ern Affairs Canada, 2019) were environmental refugees for eight years (Thomp-
son, 2018).

After this flood of the century, several studies were conducted to reduce flood
impacts stemming from the Assiniboine River system. The recommendation of
these studies from the Provincial government, even after the long displacement
of these Indigenous communities on Lake St. Martin, was still to divert water to
Lake Manitoba and Lake St. Martin. By increasing the outflow by an emergency
channel government officials reckon they can continue to channel more water to
Lake St. Martin. This is despite the research showing this diversion has resulted
in community members’ suicides, ill-health, severe stress and marital break-
downs (Ballard et al., 2012). Although research showed the immense human
suffering on Indigenous People due to the 2011 flood, no studies have deter-
mined the amount of land lost around the Lake St. Martin basin or shoreline
impacts due to the government’s diversion strategy. A shoreline is defined as the
interface between land and water (Selvan et al., 2014). Thus, an increase in the

area containing water represents a loss of land and shoreline erosion.

DOI: 10.4236/gep.2019.712012

172 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.712012

T. Ahmed et al.

The loss suffered by Indigenous communities needs to be substantiated in
terms of land flooded as a result of diverting the water to Lake St. Martin. The
objective of this study is to assess the impact of the 2011 flood on land loss and

water levels in Lake St. Martin using satellite imagery and historical data.

2. The Study Area

Lake St. Martin is located in the Interlake Region between Lake Manitoba and
Lake Winnipeg in Manitoba, Canada (Figure 1). The water from Lake Manitoba
goes to Lake St. Martin by way of the Fairford River and then the Dauphin River,
which is the only natural outlet for Lake Manitoba. The water flows from Lake
Manitoba into Lake St. Martin through the Fairford River Water Control Struc-
ture (FRWCS). A film by Ballard et al. (2016) provides a visual of the flow, which
the authors captured to show floodwater flow to PD in Figure 2(a), PD to Lake
Manitoba in Figure 2(b), Lake Manitoba to FRWCS in Figure 2(c) and FRWCS
to Lake St. Martin in Figure 2(d). FRWCS is located upstream of Lake St. Mar-
tin and downstream of Lake Manitoba.

The Portage Diversion (PD) was constructed on the Assiniboine River in 1970
to divert water from the Assiniboine River to Lake Manitoba to prevent flooding
to the City of Winnipeg and Portage La Prairie (Mudry et al., 1981). Almost a
decade prior to this, in 1961, to prevent the flooding of cottages, farms and
communities on Lake Manitoba, FRWCS was constructed on the Fairford River
to increase the outflow from the lake and to regulate Lake Manitoba in the range
of 811.0 ft to 813.0 ft above sea level (Lake Manitoba Regulation Review Advi-
sory Committee, 2003).
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Figure 1. First Nations impacted by diversion to Lake St. Martin
(Source: Government of Manitoba (2013)).
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Figure 2. The water flows from Portage Diversion to Lake St. Martin when the floodway
is opened (Source: Adapted from Ballard et al., (2016)). (a) Prior to Portage Diversion
Opening; (b) When Portage Diversion opened and artificial floodway used in 2011; (c)
The artificial flooding of Lake St. Martin and Lake Manitoba due to opening of Portage
Diversion to reroute floodwaters; (d) Close up of Flooding of Lake St. Martin from Por-
tage Diversion when the Fairford Dam control structure is opened.

3. Method

The water coverage in the Lake St. Martin water basin was determined over time
from 1986 to 2016. Historical Landsat imagery of the full Lake St. Martin shore-
line was obtained from Google Earth for the years 1986, 2010, 2011, 2012 and
2016. This Landsat imagery was preferable to aerial images collected by the pro-
vincial government, as the most recent aerial image available for this region was
taken in 2011. The aerial data to 2011 was analyzed previously for only the Lake
St. Martin reserve by Geebu (2017). From Landsat imagery, shape files were
created using ArcGIS for the years of 1986, 2010, 2011, 2012 and 2016 of Lake St.
Martin, from which the area of the lake was calculated. The authors of this study
calculated the land loss using the 1986 Google Earth image as the base period.
Data analysis of historical water flows to Lake Manitoba and Lake St. Martin
was conducted to understand the impact of control structures and water levels.
The historical water level data for Hilbre and Steep Rock water stations and
monthly flow data for FRWCS and PD from the Water Survey of Canada (WSC)
were analyzed for annual flow against the average flow. The flow data for the
Fairford River is available from 1955 to 2018 from the Water Survey of Canada
(WSC, 2019), which includes data before the control structure on the Fairford
River, FRWCS, came into operation in 1961. For the PD, this data is available
from its commencement of operation in 1970 to 2015, as during the dry years

from 2015 to 2018, the PD was not required to be in operation. To understand
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the impact of control structures on the Lake St. Martin area, the historical aver-

age annual flow data of these two stations were analyzed.

4. Results and Discussion

The historical water levels flowing to Lake Manitoba and Lake St. Martin were
analyzed as well as the historical Lake St. Martin water area show similar trends
over time. Regarding historical water levels, Figure 3 represents the annual flow
of the Fairford River from 1955-2018. Five different periods were identified,
which correlate with the operation of water control structures. The period before
the operation of FRWCS (1955-1960) had the average flow of the Fairford River
at 2.53 billion m*/yr but then during the FRCWS operation from 1961-1969, but
prior to PD’s operation, the flow decreased to 1.06 billion m’/yr. When the PD
began operation in 1970-2010, the PD increased the average flow at the control
structure to 2.74 billion m*/yr, which more than doubled the previous period
from 1961 to 1969. However, during the 2011 flood, when the FRWCS operated
above the regulated peak at 1.7 m water height, the flow reached 13.1 billion
m’/yr, which is more than 4.5 times the average annual flow in the period prior
to 2011 from 1970 to 2010. After the 2011 “Super Flood,” the average annual
flow in this river between 2012 and 2018 remained high at 7.25 billion m*/yr. In
summary, each control structure and change in water level regulation increased
the annual flow to Lake St. Martin, which maxed out during the 2011 flood and
only slightly decreased between 2012-2018. Each stage seemed to create a
step-wise change in flows, with the 2011 being the maximum but creating a new
higher normal level that is almost four times the original flows, prior to any
control structure.

Figure 4 represents the annual flow diverted from the Assiniboine River
through the Portage Diversion to Lake Manitoba with outflow to Lake St. Mar-
tin. As PD started only in 1970, with no water flowing from the Assiniboine
River to Lake Manitoba prior to that time there are only three distinct water le-
vels. From 1970 to 2010, the average annual flow was 0.3 billion m’/yr. During
the 2011 flood, the annual flow was 5.9 billion m*/yr, which was more than 19
times the average flow calculated from 1970 to 2010. Then from 2012 to 2015,
the average annual flow through this diversion structure increased three times
compared to the average of the period from 1970-2010.

Figure 5 shows the historical water level fluctuations of Lake Manitoba and
Lake St. Martin. The figure shows that the fluctuations of Lake St. Martin are
more extreme than the fluctuations observed in Lake Manitoba. Also, except
during the 2011 flood, the water level of Lake Manitoba always remained be-
tween 811 ft to 813 ft above sea level, which was one of the main objectives of the
FRWCS construction (Lake Manitoba Regulation Review Advisory Committee,
2003). During the 2011 flood, the water level at Lake Manitoba reached 814 ft,
but after the 2011 flood, the lake level has been maintained within the range
considered acceptable (811 - 813 ft). According to the Lake Manitoba Regulation
Review Advisory Committee (2003), the level of Lake St. Martin should be
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Figure 3. Mean annual flow of Fairford River before and after the Water Control Struc-
ture (1955-2018).
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Figure 4. Mean annual flow at the Portage Diversion (1970-2015).
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Figure 5. The mean annual water level at Lake Manitoba (Steep Rock water Station) and
Lake St. Martin (Hilbre water station).
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maintained within a more natural range of 797 ft to 800 ft, but from 2005, the
lake level was observed continuously above 800 ft. This indicates that water is
accumulating in Lake St. Martin.

The shoreline change in the Lake St. Martin area is visible in Figure 6 and
corresponds to trends in water flow presented in Figure 5. Also, Figure 6 clearly
shows that the west and north shorelines were affected by the 2011 flood more
than the east and south shorelines, as documented in Thompson et al., (2014). A
total of 13.2% of the land loss from flooding for the whole Lake St. Martin oc-
curred as shown in Figure 6 and calculated by GIS, which is much higher than
that calculated by Geebu (2017) for the reserve areas of 49 and 49 A. Geebu
(2017) did not look at the entire lake basin but only the Lake St. Martin reserve,
estimating a total loss of 6.2% only for these areas. The 13.2% in Lake St. Martin
basin represents a vast amount of land that was lost.

The overflow of the lake meant housing and communities were flooded with
thousands of Indigenous people displaced for eight years, particularly from
LSMEN and Little Saskatchewan First Nation. In total, four different Indigenous
communities suffered from both physical and mental health issues due to flood-
ing and displacement. The stress of displacement and flooding is associated with
long-term mental and physical health impacts (Thompson et al., 2014). The
great majority (85 percent) of the LSMFN reserve has been ruled unsuitable for
construction or rebuilding due to being high risk for flooding as a result of the
operation of the Portage Diversion and the Fairford control structure (Thomp-
son, 2015). Similarly, large areas of Little Saskatchewan and Dauphin River First
Nations no longer can be zoned for housing or any infrastructure.

The Manitoba 2011 Flood Review Task Force reported many negative impacts
from flooding (Government of Manitoba, 2013). The social and health impact of
the 2011 flood included higher rates of suicide, worsening of chronic illnesses,
premature mortality, increased family violence, substance abuse, post-traumatic
stress disorder, depression, family breakups and recruitment of their youth by
gangs in host communities (Government of Manitoba, 2013; Thompson, 2015).

Table 1 lists the calculated amount of land loss around the lake area for dif-
ferent years. Before the 2011 flood, the average annual flow was very low com-
pared to the flow observed during the “Super Flood.” The increased flow caused
inundated homes and infrastructure on the shores of Lake St. Martin, causing

Table 1. Loss of land around Lake St. Martin from the year 1986 to 2016.

t. Martin % ch in lak
St. Martin % change in lake Land loss from

Year Event Lake area  area compared to
(sq-km) the year 1986 1986 (sq:km)

1986  Both water control structure in place 337.62 0.00 0.00

2010 The year before the super flood 339.76 0.63 -2.14
2011 Super flood 382.20 13.20 -44.58
2012 Year after the super flood 347.69 2.98 -10.07
2016 Five years after flood 348.07 3.09 -10.44
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Figure 6. Land loss analysis for Lake St. Martin in Manitoba from 1986 to 2016.

more than 44 sq-km land loss around this lake in the year of 2011. A few dry
years followed this flood, but the floodwater remained in the water basin leav-
ing a lot of areas uninhabitable even six years after the 2011 flood (Geebu,
2017). After the 2011 flood, the land area lost declined somewhat in 2012 and
2016 (Table 1), but remained 4.5 times greater than the years before the 2011
flood.

5. Conclusion

This study effectively documented the change in the land area around Lake St.
Martin by analyzing satellite images with ArcGIS as well as hydrometric data.
This study found that the west and north shorelines of Lake St. Martinare more
prone to flooding, which corresponds with the reserve area for two First Nation
communities—Lake St. Martin and Little Saskatchewan. The diversion of water
from two control structures: PD and FRWCS, increased the water levels in Lake
St. Martin over the years, where it accumulated.

DOI: 10.4236/gep.2019.712012

178 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2019.712012

T. Ahmed et al.

The comparative analysis of water level data of Lake Manitoba and Lake St.
Martin showed that more rapid fluctuations in water level occur in Lake St. Mar-
tin than in Lake Manitoba. These water levels are regulated and so were deter-
mined by government policy working against Indigenous communities to pro-
tect their public infrastructure and homes. The satellite imagery analysis repre-
sents the evidence of land lost during the 2011 “Super Flood” and also that land
loss has endured, remaining at 10.4 sq-km in 2016, five years after the “Super
Flood.” The flooding shows how the water control structures and diversion paths
controlled the water level in one area (Lake Manitoba) at the expense of another
area (Lake St. Martin).

These water structures were built without environmental assessments or health
impact assessments, inconsiderate of the damage they would wreak on Indigen-
ous people who have a strong and ancestral connection to the land. Their dis-
placement for eight years is linked to many mental and physical health impacts
and deaths. Hence, the magnitude of the loss of land from flooding is attributed
to the water structures as evidenced by increased water flows during those times
of flooding. 11,000 acres were lost mainly around LSMFN reserve and the Lit-
tle Saskatchewan First Nation. As a result, many houses and other buildings
(churches, band offices, etc.) flooded in these communities. The shoreline change
analysis showed that, in particular, the west and north shoreline of Lake St. Mar-
tin lost its beaches and lakefront properties, to become swampland after the 2011
flood. Thousands of Indigenous people were displaced for eight years, as the
community could only start to rebuild its infrastructure and houses on higher

ground after a government settlement were reached.
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