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Abstract: In general, much is known about patterns relating to flood risk reduction, coping, and
adaptation in various types of communities; however, knowledge of their drivers—which are critical
for building community resilience to natural hazards—is limited. The present study investigates the
influencing factors of coping and adaptation measures vis-a-vis flood hazards at the community level
and examines their interrelationships. This work employs a “case study” approach and analyzes
two towns—St. Adolphe and Ste. Agathe—in the Red River Valley in the province of Manitoba,
Canada. Data collection consisted of in-depth interviews with key informants and obtaining oral
histories from the locals, along with an examination of secondary official records and documents.
The results revealed that the major drivers of local-level coping and adaptation include functioning
partnerships among stakeholders, strong institutional structures that facilitate interactive learning,
knowledge co-production, resources sharing, communication and information sharing, and infrastruc-
ture supports. It was observed that an institutional atmosphere conducive to spontaneous network
development yields diverse coping and adaptation strategies. To improve the outcomes of coping
and adaptation measures, close collaboration between community-based groups and formal and
quasi-formal institutions, and transparency in decision-making processes are vital.

Keywords: flood hazard; water level; disaster; emergency; risk reduction; coping; adaptation;
partnerships; institutions

1. Introduction
1.1. Background

Flood hazards occur when dry land becomes at risk of being geo-physically covered
by water that has escaped or been released from the normal confines of an adjacent wa-
terbody [1]. While the physical destruction wrought by floods is well-known, such events
also have numerous negative social impacts, including coping capacity, access to health
facilities, land tenure, transportation, housing, and socioeconomic status [2]. Globally,
44% of disasters are associated with floods. Indeed, from 1970 to 2019, flooding events
accounted for 31% of the total global economic losses incurred by disasters [3]. Given the
immense proportion of global disaster-induced losses caused by floods, flood risk reduction
is a critical area of research and analysis in disaster management.

Over the years, there have been several shifts in international approaches to disaster
management. Upon recognizing that institutional efforts to reduce disaster losses had
largely failed, because they lacked a critical assessment of risk, the United Nations (UN)
declared the period between 1990 and 1999 to be the International Decade for Natural
Disaster Reduction (IDNDR). Key components of the IDNDR included the initiation of
coordination among national-level disaster management efforts, as well as the promotion of
risk awareness and the facilitation of institutional development. Furthermore, the IDNDR
advocated for the development and implementation of scientific and engineering initiatives
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aimed at reducing fatalities and property losses from natural disasters. These actions
subsequently led to the creation of the United Nations International Strategy for Risk
Reduction (UNISDR).

Although the UNISDR did not produce any legally binding treaties with targets or
potential repercussions for non-compliance, it did introduce the concept of disaster risk
reduction (DRR) on the international stage [4]. The UN defines Disaster Risk Reduction
(DRR) as,

the systematic development and application of policies, strategies and practices to min-
imise vulnerabilities, hazards and the unfolding of disaster impacts throughout a society,
in the broad context of sustainable development. [5]

In 2005, 168 countries joined the Hyogo Framework for Action (HFA), which served
as a global blueprint that member countries could use to guide their DRR efforts and
reduce disaster-related losses by 2015 [4]. The HFA provided member nations with guiding
principles, priorities for action, and practical means by which vulnerable communities
could build disaster resilience [6]. However, at a summit in Sendai, Japan, in 2015, the
187 attending nations concluded that the HFA did not adequately address the increased
vulnerability and exposure of communities to disasters, ultimately leading them to adopt
the Sendai Framework for Disaster Risk Reduction (SFDRR) 2015–2030. The signatory
nations agreed that DRR must address existing challenges and prepare for future disasters.
As such, DRR focuses on three key areas: monitoring, assessing, and understanding disaster
risk and sharing information; strengthening disaster risk governance and coordination
across relevant institutions and sectors; and cultivating meaningful participation by relevant
stakeholders [7].

In disaster management, the terms, “coping” and “adaptation”, are used interchange-
ably, but also convey separate meanings. Jabeen et al. [8] note that, in disaster studies,
“coping strategies” and “adaptation strategies” are roughly synonymous within the context
of climate change. However, while “coping” refers to a set of immediate and short-term
measures or ex-post actions [9,10], “adaptation” measures typically involve more deliberate
actions (ex-ante) [11]. According to Parsons et al. [12], coping with natural hazards is
the process by which individuals or organizations utilize available resources, skills, and
opportunities to address adverse effects that may result from a disaster. Furthermore,
Lei et al. [13] note that adapting to disaster shocks involves mitigating harm and taking
advantage of beneficial opportunities through learning, with the goal of harmonizing
human actions with natural hazards, rather than attempting to control nature. Coping
and adaptation measures consist of formal (e.g., market and public interventions) and
informal instruments (e.g., individual, household, or community-based actions) [14], and
are shaped by antecedent conditions [15]. In the context of the Red River Valley, we argue
that coping and adaptation mainly involve adjusting to internal and external shocks and
stresses. In this study, coping and adaptation processes are predominantly considered as
separate processes (also see Azad et al. [16]); however, since there is conceptual overlap
between coping and adaptation measures, we analyze these terms together as well as
interchangeably in some sections.

We argue that certain drivers prompt the implementation of coping and adaptation
measures in response to natural disasters such as floods. Identifying and analyzing the
drivers of local-level coping and adaptation measures can potentially lead to the formu-
lation of flood management policies that will enable successful and ongoing flood risk
reduction. There is a large and robust body of literature on flood risk reduction and spe-
cific coping and adaptation strategies, including context-based approaches. For example,
Parsons et al. [12] introduced a hierarchical Australian Natural Disaster Resilience Index
based on coping and adaptive capacities that highlights the potential for disaster resilience.
Investigating communities in France and Germany, Bubeck et al. [17] found that socioeco-
nomic characteristics alone are inadequate for flood-coping appraisal; rather, the quality
of such appraisals is also positively correlated with observational learning from the social
environment. Elsewhere, Bloemen et al.’s [18] study of communities the United Kingdom
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and the Netherlands revealed that, in long-term flood management planning, an adaptation
pathways approach is effective in advancing decision-making processes and increasing
awareness. However, it is notable that limited effort has been devoted to understanding the
multifaceted and interrelated drivers of coping and adaptation measures at the local level.
In this study, we consider the drivers of coping and adaptation strategies as the primary fac-
tors that influence or motivate changes to, and the development of, new flood management
measures when conventional [or maybe ‘previous’] measures become obsolete.

This study investigates the patterns and the drivers of coping and adaptation in local-
level flood management strategies in the province of Manitoba, Canada. Specifically, this
work has three key objectives: (i) to identify institutional coping and adaptation measures
at the community level; (ii) to examine the influencing factors of coping and adaptation
measures; and (iii) to identify coping and adaptation challenges for future floods.

1.2. Conceptual Considerations

The development of coping and adaptation strategies is often spontaneous and largely
reactive. Additionally, the factors that drive such changes are contextual; that is, all factors
may not influence coping and adaptation simultaneously. Furthermore, the drivers of
coping and adaptation measures are generally interrelated and influence one another in a
complex, dynamic manner when motivating changes in flood management activities. To
understand what drives coping and adaptation to floods, it is necessary to examine the
psychological underpinnings of the related behavioural patterns, including the decision-
making processes [19]. Erdlenbruch and Bonté [20] note that unanswered questions relating
to local-level cases include how long communities maintain adaptation measures, and
how rapidly the measures are disseminated within the community. In the context of
flood management, identifying the factors that drive coping and adaptation is essential
in understanding how coping and adaptation measures are introduced and accepted or
rejected by the community and institutional representatives. Additionally, determining
how these factors drive changes in flood management is also important.

The unpredictability of nature-induced disaster shocks such as floods, necessitates
management strategies to enhance adaptative capacity and the ability to live with floods.
Here, adaptive capacity is defined as the ability of a system to plan and prepare for
stress and adjust to it as it affects vulnerability through the modulation of exposure and
sensitivity [21]. Choudhury and Haque [22] argue that the concept of adaptive capacity
is central to disaster vulnerability and resilience, and that it has profound implications
for disaster risk reduction. In terms of resilience, adaptive capacity is associated with
coping and adaptation strategies, wherein it is a human attribute and a precondition for
resilience [23]. To understand the factors that influence how vulnerable communities cope
with and adapt to floods, it is necessary to draw on insights from local community-level
flood management, institutional contributions, and governance strategies.

In this study, we draw upon Erdlenbruch and Bonté’s [20] Empirical Decision Model to
formulate a framework that explains the interconnectedness between drivers of coping and
adaptation to disasters at the local level. We refer to this framework as the Local Coping and
Adaptation to Disasters (LCAD) framework (Figure 1). The LCAD framework illustrates
the pathways through which different drivers influence coping and adaptation measures
in local-level flood management, and how their interconnectedness and interdependence
results in a DRR outcome.
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Figure 1. A conceptual framework explaining the interconnectedness between drivers of coping and
adaptation to disasters at the local level.

Erdlenbruch and Bonté [20] drew upon the Protection Motivation Theory (PMT) to
formulate an agent-based model that simulates the adoption of individual adaptation
measures and enables an evaluation of the efficiency of communication policies. Their
model focuses on two complementary elements of risk perception: threat appraisal and
coping appraisal. According to the PMT, perceived benefits can temper threat appraisal. For
example, the Dutch government took action to invest in flood-protection infrastructure, as
it recognized the clear benefits of implementing flood risk-reduction measures. Notably, the
Dutch government adopted a participatory approach by collaborating with the Consortium
Grensmaas to implement these measures, and resulting in a network of knowledgeable
governmental authorities and citizens [24]. Similarly, in Germany, threat appraisal led to
proactive flood risk reduction, which included steps to implement the Floods Directives
set forth by the European Union (EU). The Flood Directives require EU member states to
identify, map, and manage flood risk and adopt adaptive legislation [25].

In our LCAD framework, social values, collective efforts, and original management
strategy are conceptualized as sources of drivers (Figure 1, top box). The short-term flood
disaster coping drivers are primarily influenced by the level of knowledge and information,
capacity to mitigate impact, conformity, sociocultural value, beliefs, and the locus of control
(Figure 1, boxes on left side). At the household and community level, drivers of coping
and adaptation are unique in nature. For example, residents in the United Kingdom
routinely adopt actions that are small, low-cost, low-tech, intuitive, and quick. Such coping
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and adaptation measures include making different dietary and/or clothing choices, and
opening or closing windows. Conversely, long-term actions include relocating tangible
goods to locations above flood level. To do their part to be prepared, many households
also subscribe to the environment agency’s flood warning service. Additionally, most
households also purchase insurance to safeguard themselves from catastrophic financial
impact from flooding [26].

Belliveau et al. [27] revealed that crop producers in the Okanagan Valley of British
Columbia, Canada, cope and adapt to flooding based on the availability of resources
and technology, as well as access to government programs. In Victoria, Australia, Wilby
and Keenan [28] identified several factors influencing adaptation measures at the com-
munity level, including routine monitoring, flood forecasting, data exchange, bridging
organizations, contingency planning for disasters, insurance, and legal incentives to reduce
vulnerability. In another study, Noll et al. [29] discovered that, in the United States, mea-
sures taken in the past significantly influence present and future coping and adaptation
measures. In addition to threat appraisal and positive results from experience, coping
and adaptation measures also depend on a household’s existing adaptative capacity. In
Ingham, a rural town in Queensland, Australia, community coping and adaptation ac-
tions are predominantly driven by the desire to rely on government initiatives as little as
possible [30].

Social motivation can also play a major role in coping and adaption processes. As
an example, in towns in England and Wales, Lo and Chan [31] discovered that when
community members observed others adopting coping and adaptation measures they
were motivated to do likewise. The community’s social network provided the necessary
platform for learning. In addition, coping and adaptation is also driven by the perceived
severity of flood damage, which is created through communicating information about
risk. Information that creates fear and a sense of uncertainty is less likely than previously
thought to be effective in driving such actions.

During and after a 2006 storm surge in Tsawwassen, British Columbia, Canada, coping
and adaptation practices by members of the community were heavily influenced by the
actions and opinions of family, friends, and neighbours, as well as the perceived benefits of
different strategies, financial support, perception of other hazards, and government inter-
ventions [32]. Similarly, in a case study in Wagga Wagga and Kempsey, New South Wales,
Australia, Khalili et al. [33] concluded that the indicators of a resilient community—the
end results of coping and adaptive measures—were community, education, community
participation, social support, learning, trust, exchange information, and shared information.

A variety of activities are integral to coping and adapting to floods (Figure 1, left side
box), which may involve institutional measures and arrangements to help local communi-
ties. For example, in their study of towns in Alberta, Canada, Hayes et al. [34] suggested
that, depending on the town’s capacity, the provincial government will award contracts to
outside response organizations to help cope with floods. Furthermore, actions arising from
people’s belief systems and faith play an important role in coping and adaptation, especially
in uniting community members in times of crises. Gianisa and Le De [35] observed that,
after the 2009 earthquake in Padang, Indonesia, religious beliefs and practices played a key
role in helping community members bond with one another and helped them successfully
cope with the effects of the disaster.

Reaction to an incident can also be a major driver of coping and adaptation measures
at the institutional level. For example, in the Netherlands, extreme discharges from the
Rhine River in 1995 forced the evacuation of 200,000 floodplain inhabitants. The Dutch
government realized that past practice of increasing height of the dikes was no longer
adaptive in the face of future climate change. In 2006 they launched the “Room for the
River” program, which initiated the development of multiple flood mitigation measures
along the rivers to prevent flooding [36]. With multiple measures, this program indirectly
reduces water levels. Such measures include deepening some channels, water storage where
possible, dike relocations back from the existing channel to widen the river, secondary
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channels, removing flood plain deposits, lowering locks during flooding and reinforcing
dikes. Garrelts and Lange [37] found that, in Germany, the public’s perception of risk
was not commensurate with the uncertainties caused by climate change, especially with
respect to floods. This incongruence motivated the regional and federal governments to
embark on public-awareness campaigns stressing that the flood risk would persist, and
that flood-protection measures guaranteed only limited safety.

In this paper, we argue that coping and adaptation are mobilized by learning-by-doing
and initiatives at the community and institutional levels. A thorough understanding of
local disaster risks and the underlying causes of the adverse impacts of flood disasters is
indispensable in learning to live with floods, enhancing adaptive capacity, and building
social, economic, and ecological resilience.

1.3. Flood Vulnerability and Risk-Reduction Measures in the Red River Valley, Manitoba
1.3.1. Geophysical Vulnerability

The geophysical vulnerability of a place is directly related to its physical exposure to
natural hazards, particularly their magnitude, duration, and frequency [38]. As the flood-
forming conditions and geophysical vulnerability of the Red River Valley in Manitoba,
Canada, have been discussed in detail in an earlier publication [39], only a brief overview
is provided herein. Three broad categories of flood-forming conditions prevail in the
Red River Valley: (i) geological and physiographic conditions; (ii) hydrometeorological
conditions; and (iii) human/societal factors.

The southern part of the Province of Manitoba was formerly the floor of glacial Lake
Agassiz, which resulted in its current status as a basin with a low-lying topography. Due to
the flatness of the region, water can remain present for very long periods, which frequently
results in significant surface flooding. The physiographic orientation of the Red River—it
flows south-to-north (from North Dakota, USA, to Hudson Bay) with a gradual gradient
decline in topography—further contributes to flooding as ice often remains on the northern
stretch of the river as spring meltwater flows northwards. Additionally, isostatic rebound
is causing elevation to rise faster in northern Manitoba, increasing flood risk in the south.
Additional hydrometerological conditions include large spring snowstorms caused by low
pressure systems arising in the southwestern USA.

Apart from physical landscape and hydrometeorological causes, vulnerability to
flooding can also be created by human-induced economic development. For example, in
the Red River Basin, 98% of wetlands have been converted into farmland since European
agricultural activities began in Manitoba [40]. In addition to the region’s flat topography
and loss of wetlands, tilling practices and strategies for rapid surface drainage have also
increased the magnitude of flooding, as these practices increase surface runoff during heavy
precipitation and during spring melt [29].

Population growth also contributes to an increase in the magnitude and frequency
of flooding, as it requires the conversion of open spaces into paved areas, which in turn
creates more runoff. This is a significant factor, as estimates suggest that the population of
the Red River Valley has increased from about 265,000 in 1931 to over 750,000 in 2016 [41].
Furthermore, mitigation measures to protect infrastructure divert water into rivers and
streams, which can lead to rapid increases in water levels and currents after spring melts
and during summer storms [29]. Overall, the growing population living in the Red River
Valley is exposed to more frequent and extreme flooding, rendering them very vulnerable
to loss and damages with respect to property, livestock, and infrastructure.

1.3.2. Flood History in the Red River Valley

The notable floods of the 19th and 20th centuries in the Red River Valley include
the flood of 1826, which had a return period of 500 years, and high-magnitude floods
in 1852, 1904, 1916, 1948, 1950, 1979, 1997, 2009, and 2011. As flood memory plays a
critical role in risk reduction and adaptation measures, it is important to analyse the
historical patterns and experience of floods using archival data sources [42,43]. Indeed, the
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communities in Manitoba’s Red River Valley have over a century of experience dealing with
catastrophic floods, with the earliest instances being recorded by fur traders in 1793 and
1798 [44,45]. Comparisons of major flood years since the 1826 flood in relation to natural
spring discharges and natural peak stages measured at James Avenue, Winnipeg, can be
made from data presented in Table 1. The 1950 flood occurred between April-June and had
a devastating impact on the capital city of Winnipeg, as more than 100,000 residents were
forced to evacuate from their homes.

Table 1. Comparison of flood years in relation to natural spring peak discharges and natural spring
peak stages measured at James Avenue, Winnipeg (the zero point of the gauge is 727.57 ft. above
mean sea level) (Source of data: Manitoba Conservation and Water Stewardship, 2014). Note: 1974,
1979, 1996, 1997, 2006, 2009, and 2011 were computed without the use of Red River Floodway, Portage
Diversion, and Shellmouth Dam.

Year Natural Spring Peak Discharges in
Cubic Feet per Second (Cusec) in ‘000

Natural Spring Peak Stages in Feet
above Datum

1826 225,000 36.5
1852 165,000 34.5
1861 125,000 32.2
1950 108,000 30.3
1974 96,000 28.0
1979 108,000 30.3
1996 108,000 30.3
1997 163,000 34.4
206 99,000 28.5

2009 128,000 32.5
2011 116,000 31.2

The 1997 flood, dubbed “The Flood of the Century,” was so severe that it caused other
rivers to swell, which affected numerous communities along the Red River Valley. During
this flood, the water level in the Red River rose by as much as 7.5 m, which reached its peak
in early May–the highest peak since 1950 flood (see Figure 2)–with estimates suggesting
that it may have reached up to 10.5 m without flood-control infrastructure. The Flood of
the Century occurred between April-May of 1997, and was the most severe flooding event
since 1852. This flood was caused by a combination of several meteorological conditions,
particularly heavy rains in the autumn of 1996, which saturated the soil with moisture,
and four blizzards throughout the winter and spring of 1997. In the spring, the heavy
snowfall of the winter began to melt gradually, but a “Colorado Low” from the United
States brought a massive snowfall at the beginning of April. By mid-April, the snow started
melting again, but the runoff was too much for the water table to handle, thus yielding
a once-in-a-century flooding event. The federal government responded by sending over
7000 military personnel to help with the flood effort over a 36-day period, while
25,450 people were forced to evacuate from the valley and relocate [29].

After the Flood of the Century, the most notable floods in the Valley were the floods of
2009 and 2011 [46]. One major cause of the 2009 flood was a heavy rainstorm that occurred
in the first week of November 2008. In addition, an exceptionally cold winter restricted
the percolation of spring runoff, while above-average snowpack thwarted runoff in the
USA portion of the watershed. Thus, blocked drainage due to unusual ice conditions
and disrupted surface runoff resulted in high river water levels. Similarly, in late 2010,
precipitation reached a 15-year high when a super-charged “weather bomb” brought 50
to 100 mm of snow and rain. These high levels of precipitation were exacerbated by
unusually cold spring temperatures, which disrupted snowmelt and made it difficult to
predict flooding. The final factor leading to the 2011 flood occurred in April, when ice
jamming along the Red River caused water levels to rise and flood the Red River Valley.
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Figure 2. Historic Red River water levels at James Avenue, Winnipeg, 1950–2017. The zero point of
the gauge at James Avenue is 727.57 ft. above mean sea level. (Sources of data: City of Winnipeg, and
Water Survey of Canada, 2023).

Since the 1950 flood, most provincial adaptation measures in Manitoba, including
boulevard diking, diversions, the Red River Floodway, the Portage Diversion, and the
Shellmouth Dam, have been event-driven [47]. However, climate variability may increase
annual discharges and shift the start of flood season and peak occurrence in the river
basins [48], which will potentially render current coping and adaptation measures less
efficient. Wang et al. [49] argue that Manitoba should implement adaptation plans designed
to cope with the adverse impacts and associated extremes of climate change, and to adapt
to the unpredictable nature of floods in this province.

1.3.3. Flood Risk-Reduction Measures

Flood risk reduction became a priority for the Manitoba government following the
1950 flood’s devastating impact on the capital city of Winnipeg. As an adaptive measure
after the 1950 flood, the federal and the provincial governments jointly established a Royal
Commission tasked with conducting a cost-benefit analysis assessing the potential damage
of future floods compared to potential flood prevention and mitigation alternatives. The
Royal Commission submitted its recommendations in 1958, which initiated a major project
entailing the construction of floodway around Winnipeg. The floodway project had four
components: (a) the inlet channel, (b) the floodway channel, (c) the outlet structure, and
(d) the east and west dikes. The then-$63 million dollar project was cost-shared, with the
federal government contributing $37 million.

In subsequent years, the Government of Manitoba drew upon the lessons learned
from the floods of 1950 and 1966 and negotiated with the federal government to embark on
a cost-shared project involving the development of permanent dikes along the Red River
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Valley. This permanent diking scheme included both the diking of towns and the protection
of farmsteads by either ring dikes or elevating farm buildings by raising the foundations.
These flood risk-reduction measures were upgraded to a 100-year flood level based on the
lessons learned from the flood of 1979. The flood of 1997, the largest flood in the Red River
Valley since 1852, was a reminder that flood risk-reduction through coping and adaptation
processes is an interminable endeavour [50].

The catastrophic 1997 flood revealed that flood-control structures and institutional
interventions were not sufficient for protecting the valley’s inhabitants and their property
due to lack of communication and understanding between institutions. Additionally, a
reluctance to implement up-to-date regulations and limited public participation in the
decision-making process during the flood were other key elements that rendered organiza-
tional preparedness and mobilization to cope with the flood emergency futile [50].

Concurring with Haque [50], Stewart and Rashid [51] suggest that, even a decade after
the 1997 flood, a lack of risk communication, information sharing, bottom-up activities, and
partnership development persists in the Red River Valley. Although structural mitigation
measures such as the Red River Floodway and community dikes can reduce floodwater
flow, thus limiting flood risk to some extent, flood risk and vulnerability persist due to the
occupancy of flood-prone zones, as well as external pressures created by regional floodplain
policies and procedures affecting social vulnerability.

2. Materials and Methods
2.1. Study Area

The field study portion of this research was conducted in the communities of St.
Adolphe and Ste. Agathe, which are located in the Rural Municipality (RM) of Ritchot,
Manitoba. These communities were primarily selected due to their high vulnerability to
floods as a result of their geographic location (Figure 3), their experiences with flooding
in recent decades, and the RM of Ritchot’s willingness to participate in the research. Ad-
ditionally, these communities were also selected for their geographical accessibility, and
their proximity to four rivers: the Red River, the Rat River, the LaSalle River, and the Seine
River. The Red River is the largest of the four, flowing north from the United States, past
Ste. Agathe and St. Adolphe, through the City of Winnipeg, and ultimately draining into
Lake Winnipeg. All communications, interviews and analysis involving individuals in this
study was conducted following Research Ethics Approval # HE2021-0126.

Limited research has been conducted on the patterns of flood preparedness, emergency
response and recovery, and drivers of coping and adaptation in this geographical area.
Thus, the understudied nature of this region presents an opportunity, as the selected
communities have the potential to serve as exemplars of micro-level flood management in
rural Canada.

The flood characteristics in Manitoba are unique and profoundly influenced by the
geography of the Red River Valley. The flow of the Red River is erratic and highly variable,
ranging from periods of virtually no flow to extremely high flows that create flood con-
ditions. Moreover, the populations of St. Adolphe and Ste. Agathe are steadily growing,
along with the number of businesses and industries, which means that the number of
vulnerable people, properties, and businesses in this area is also growing.

The residents of St. Adolphe and Ste. Agathe primarily depend on farming and
tertiary services for their livelihood, which are often affected in times of flooding. Data
from the 2016 Census indicates that 48.9% of the population in St. Adolphe and 35.2% of
the population in Ste. Agathe are either younger than 15 years of age or older than 65 years
of age (i.e., the dependent population). In addition, women account for approximately half
of the population in both communities [52].
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2.2. Field Methods and Data Collection Procedures

For this study we applied the case study approach developed by Yin [53], as it provides
in-depth descriptions of, and insights into, a process or phenomenon within a bounded
system or setting [54,55]. In this research, the communities of St. Adolphe and Ste. Agathe
were selected as the study area. The suitability of a “case study” approach has long been
recognized in community-based flood disaster management research, as its inclusion of
community members as a data source allows the study to capture the experiences of
vulnerable populations and their resources [56].

After developing an in-depth understanding of the effectiveness of the existing flood
management system and interpreting its current state, consultations with community mem-
bers and officials from NGOs and local and provincial governments were conducted. Such
discussions aimed to examine their understanding of patterns of flood preparedness, emer-
gency and recovery measures, and the drivers of coping and adaptation strategies at the
local level. To meet these objectives, a community-based research method was employed.

A 3-tier study design was formulated and implemented. Primary data were collected
via three methods: (i) key informant interviews (KIIs), (ii) oral history interviews (OHIs);
and (iii) document review. KIIs were selected as a data collection method because they
focus on individuals with knowledge relating to a particular issue, thus enabling an in-
depth investigation into that issue [57]. The insights gained from KIIs help to understand
and explain the experiences and reasons behind various changes in social and political
processes [58,59]. Although KIIs are place-based, it is possible for the informants to identify
attitudes and issues that have also been recognized in other places [60]. The KIIs used
questionnaires consisting of semi-structured questions and were conducted with a total
of eight respondents from the two selected communities, including government officials
engaged in flood management in the RM of Ritchot, provincial government personnel, and
representatives from local NGOs. They interviews were conducted in person.
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Data collection via oral histories was selected for use in this study because oral
histories are comprised of local stories and reminiscences provided by community residents
who have first-hand knowledge of the experiences contained therein [61]. OHIs are a
collaborative, narrative-building process between the researcher and interviewee that
involves spending a long period of time together [62]. OHIs emphasize the experiences of
the individuals being interviewed [63]. To analyze the interviewees’ common experiences
and variable perceptions, a total of seven selected oral history interviews were carried out
in the two communities using questionnaires consisting of semi-structured questions.

Purposive and snowball sampling procedures were employed for the selection of par-
ticipants [64]. Purposive sampling was used to identify participants who could provide
specific information about a given topic, while snowball sampling was helpful in identi-
fying key stakeholders who had experienced several floods and could therefore provide
comprehensive insights [64].

In addition, document review was carried out by combining the steps developed by
Sikder [65], and O’Leary [66], which are illustrated in Figure 4. A list of documents was
prepared for analysis purposes using the following sources: (i) the University of Manitoba
libraries; (ii) Google Scholar for research articles; (iii) annual reports and documents of
NGOs involved in flood management in Manitoba; (iv) laws, by-laws, acts, and policy
documents from the Government of Manitoba and EMO websites; (v) Public Safety Canada
website; (vi) local and national newspapers; and (vii) government and NGO officials.
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Project researchers checked the accessibility of the chosen documents and used pub-
licly available ones for data collection. The authenticity and credibility of the documents
were also assessed and verified by jointly analyzing them with the relevant participants.
Furthermore, each document was analysed for potential bias, and consideration was
given to all available sources to avoid prioritization. The method and reasons behind the
production of the documents were explored to aid in their interpretation. Witting evi-dence
(what the document was meant to impart) and unwitting evidence (everything else that can
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be gleaned from the document) were identified. All documents were rigorously reviewed,
and meanings were interpreted to draw conclusions. The data in these docu-ments, which
embodied the step-by-step processes of adaptation and risk reduction measures, were
analyzed to determine their drivers.

Project researchers checked the accessibility of the chosen documents and used publicly
available ones for data collection. The authenticity and credibility of the documents
were also assessed and verified by jointly analyzing them with the relevant participants.
Furthermore, each document was analysed for potential bias, and consideration was
given to all available sources to avoid prioritization. The method and reasons behind the
production of the documents were explored to aid in their interpretation. Witting evidence
(what the document was meant to impart) and unwitting evidence (everything else that can
be gleaned from the document) were identified. All documents were rigorously reviewed,
and meanings were interpreted to draw conclusions. The data in these documents, which
embodied the step-by-step processes of adaptation and risk reduction measures, were
analyzed to determine their drivers.

3. Results

Empirical data suggest that local-level risk reduction, coping, and adaptation strategies
to withstand flood losses in Manitoba, Canada, are not independent at the community
and institutional levels. Rather, community- and institutional-level flood management
measures are interdependent and integrated with each other. Overall, community members’
rely heavily on formal (different levels of governments and NGOs) and quasi-formal
(community-based groups and organizations) institutions.

The coping and adaptation strategies discussed in this section have evolved over
time, mostly based on previous flood experiences and shared learning. From our col-
lected data, we identified three major areas where specific drivers influenced changes in
flood management and instigated both spontaneous and intentional coping and adaptation
measures. These areas are: (i) local community-level initiatives; (ii) interaction between gov-
ernments, non-governmental organizations, and community members; and (iii) initiatives
by non-profit organizations.

3.1. Community-Initiated Risk Reduction, Coping, and Adaptation Measures

We observed that community level initiatives were predominantly needs-based, espe-
cially when formal institutions failed to take flood-protection measures that aligned with
the expectations of the community. These initiatives were undertaken at the individual
level, collective level, and in communication with formal institutions. The identified local
community-level coping and adaptation initiatives and their drivers are summarized in
Table 2.

At the individual level, community members place sandbags around their properties
after the release of the flood forecast to protect them from flood water. The community
members’ initiatives involve a wide range of activities. For example, in Ste. Agathe,
river erosion remained a persistent concern, despite protective measures to save adjacent
land and properties. As such, the residents reached out to the municipality authority
and the provincial government with the expectation of finding a solution. The provincial
government commissioned a study and concluded that the riverbank could be stabilized at
an expense of $8 million. However, such an expense was difficult to justify, as Ste. Agathe
had only 500 inhabitants at the time. Subsequently, the community ordered trees from
Indian Head, a forestation center in Saskatchewan, and planted them along the riverbank
to fortify it against floodwater. In addition, during an emergency, community members,
including student volunteers who are bussed in, work together to help affected residents
sandbag their properties. Pumps were installed to remove water from the diked areas of the
communities, which needed to be purchased and maintained by community members. As a
risk-reduction measure, the residents established a list of people able to run the pumps and
help with evacuation, if necessary. This group, known as the Essential Services, consists of
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people with expertise in running gas stations, working on machines, and making food. The
rest of the community members were evacuated as conditions required.

Table 2. Local community-level factors of coping and adaptation strategies.

Risk Reduction, Coping, and Adaptation
Strategies Driver Learning

Individual action

• Installing sandbags to save properties.
• Building houses on elevated surfaces.

• Individual endeavors, as the 1997 flood
was overwhelming for the federal,
provincial, and municipal governments.

• Municipal government mandate
on elevation.

• Installing sandbags around houses to
protect them.

• Houses built on elevated earth
(manmade hills) are less prone to
inundation.

• 2 feet of water in 2009 being ’manageable’
compared to 8.5 feet in 1997.

Working with volunteers

• Volunteers (including students from
local schools) help with sandbagging.

• Some communities were affected by the
1997 flood (St. Adolphe and Ste. Agathe)
more than others.

• Knowledge of coordinating with
volunteers.

Community initiatives

• After the 1997 flood, people in St.
Adolphe presented their demands to
thenpremier Gary Doer.

• After the 1997 flood, the community
people chastised the provincial
government for its lack of preparedness
and communication at an event held at
St. Boniface University.

• Establishment of a list of people known
as the Essential Services.

• Conveyance of community demands.
• Raising local awareness.
• Recency of flood.
• Cohesion within communities developed

by disaster shock.
• Severity of a flood.

• Communication with government to
inform it of community necessities.

• Learning the potential of a flood disaster.
• Pressuring the provincial government to

listen to demands.
• Potential of collective action to respond

to floods.

Social support

• Community members planting trees to
cope with floods.

• Community people spontaneously
helping one another.

• Every evening, the evacuees convened to
share their losses and sufferings and find
catharsis among one another.

• Riverbank erosion in Ste. Agathe;
stabilizing the riverbank required $8
million in funding from the Province.

• In 1997, the potential for somebody
to drown.

• Need for catharsis.

• The Province could not justify such a cost
for a community of around 500 people.

• In an emergency, social capital must be
built and help must come from within
the community.

• Mental support from community
members provides strength.

If deemed insufficient, community people also became very vocal about the provincial
government’s flood management strategies and held formal institutions accountable. For
example, after the flood of 1997, a meeting was organized between residents of St. Adolphe
and Ste. Agathe and the Premier of the Province at St. Boniface University. In this meeting,
the community members in attendance demanded an explanation from the government for
its actions during the preparedness and response phases.

3.2. Government-Institution-Led Strategies

Depending on the situation, the provincial government adopts coping and adaptation
measures in collaboration with local governments, non-government organizations (NGOs),
and local communities. The Department of Manitoba Transportation and Infrastructure
is responsible for the provincial road network, provincial water control network and also
for the operation of the Red River Floodway (through the Red River Floodway Authority)
and the maintenance of all 18 dikes in the Red River Valley. Risk-reduction decisions
follow a hierarchal bureaucratic structure and their associated processes which involves
stakeholders at various stages of these processes. The Emergency Measures Organization
(EMO) is the primary coordinating body for flood emergency response, collaborating with
relevant departments.
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Table 3 shows the coping and adaptation measures taken by the provincial govern-
ment, their interaction with NGOs, and the drivers of such measures. In Manitoba, flood
risk-reduction measures combine flood mitigation, preparedness, and response, with an
emphasis on communication, proactive initiatives, reactive survival, and decision making.
The provincial government recognized that meaningful communication among stakehold-
ers is critical for effective disaster and emergency management. Despite the potential that
information may be misinterpreted, the government is willing to take that risk because of
the benefits such knowledge provides. According to one government official, spending
time on communication and explanation minimized the risk of misinterpretation:

Table 3. Interaction between governments, NGOs, and communities for coping with and adapting
to floods.

Risk Reduction, Coping, and Adaptation
Strategies Driver Learning

Communication and information sharing

• Community people maintaining social
relationships and being well informed.

• Utilizing the ubiquity of cellphones.
• Using websites to update people in the

community.
• Designating an emergency measures

coordinator in every municipality.
• EMO as the information center.

• Scarcity of sandbags.
• Technological advancement.
• Need for institutional help.

• Advance knowledge of sandbag
availability.

• Rapid information sharing.
• The municipality councillor cannot

manage floods on their own.
• A designated information hub helps

information flow.

NGO support

• Canadian Red Cross providing food and
water with food vans.

• The nearby Hutterite Colony managing
sandbags.

• Government support not being
sufficient.

• NGOs raise funds from other provinces.
• NGOs provide manpower for recovery.

Government support

• Materials, personnel, and offices with
information.

• Disaster Financial Assistance (DFA).
• Employment of an adjuster.

• Need for information.
• Insufficient resources.
• Banks not providing mortgages for lost

worth.

• Flow of information helps coordination.
• Separation of essential and luxury

products.

Changes in municipal council

• With time, part of municipal council
changes. • Age and experience • New council members bring new ideas.

Shift of authority

• The EMO replaced the reeves of St.
Adolphe and Ste. Agathe in 1997. • Lack of expertise and experience. • In emergencies, authority goes to

emergency management experts.

Evacuation

• Community members were evacuated to
the then International Inn Hotel.

• The evacuated community members
were forced to violate evacuation rules in
order to continue to care for their houses.

• Devastation of houses and property.
• Urge among community members to

save their houses.

• Knowledge of a temporary safer place.
• The houses required constant care, such

as pumping the water out and
sandbagging.

Impact of waves

• Application of the core trench strategy to
install a temporary dike. • River erosion destroying properties. • Core trench strategy stops erosion.

Integrative measures

• EMO directly contacts a community
representative in the event of an
emergency.

• Community institution relationship. • Community’s capacity to mitigate
should be utilized.
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Table 3. Cont.

Risk Reduction, Coping, and Adaptation
Strategies Driver Learning

Education

• Project Cartier Park to establish the Red
River Floods Interpretive Center.

• The provincial government’s education
initiatives.

• Perceived probability, consequences,
benefits, and costs.

• Passing flood management knowledge to
the future.

• Lessons learned spread through
education to the people of the
community.

Physical intervention

• The Ice Jam Mitigation program in 2006
and its expansion in 2011.

• Road network management, operation of
the Red River Floodway, and
maintenance of all 18 dikes.

• Ice jams.
• Sandbags are inexpensive.

• Ice jamming can unpredictably and
quickly raise water levels.

• Diked houses and areas functioning like
a bowl.

Land use planning to reduce flood exposure

• Initiation of the buyout program in 2009. • Frequently flooded zones.
• Uncertainty of floods.

• Unpredictable floods are minacious for
both the residents in the zone and the
rescuers.

Risk communication

• Government verifying information
before dissemination. • Possibility of confusion and distrust.

• There is an untrue assumption that
information is withheld by the
government.

Communicating why mitigation activities are beneficial when you cannot see the result
tomorrow is always difficult. Again, the information we provide to people is usually never
sufficient because, by definition, it is a disaster where everybody is asking questions and
saying they do not have enough information. But we always confirm the accuracy of the
information we provide to people.

The Emergency Management Division of Manitoba Transportation and Infrastructure
works through their Emergency Operations Center and ensures strong links to key partners
across the Emergency Management System. Every municipality has a Municipal Emergency
Coordinator, who is involved with the planning processes of the Emergency Operations
Center. The Center provides flood management information in response to queries from
the Emergency Coordinators. When expenditures exceed the resources of the Province, a
“request for assistance” will be made to the Federal government.

For the Province, the EMO serves as the information hub where the provincial gov-
ernment can integrate information from stakeholders in schools, hospitals, and senior care
homes for use in the event evacuation becomes necessary. The EMO relays information
about the demand for and delivery of sandbags and any other service or resources pro-
vided by the government. The Provincial government has a liaison officer with expertise
in flood management who maintains communications with chiefs of nearby First Nations
communities. This allows the chiefs to contact the liaison officer directly in the event of an
emergency, or they can reach out to Indigenous and Northern Affairs Canada (INAC).

During the 1997 flood, the provincial government collaborated with the Canadian Red
Cross to get food vans out to flood-affected communities to provide residents with food and
water. The provincial government also provided temporary offices within the communities
where community members could go for information and guidance. Furthermore, the
Province also arranged for boats to evacuate people living in remote areas or where road
access was lost because of flooding.

When necessary, the Government of Manitoba contacts the federal government to
activate the Disaster Financial Assistance (DFA) program, which is designed to provide
disaster-affected community members with financial aid based on their needs. The provin-
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cial government also sends an adjuster to flood-damaged houses to determine if they are
salvageable or need to be “written-off.” Based on the need assessment, a household could
receive up to $100,000 in 1997.

The provincial government takes initiatives to educate community members with
respect to developing compatible emergency plans, communicating during emergencies,
setting up evacuation routes, establishing an Emergency Operation Center in the munici-
pality, and the need to store adequate food, water, and power to last for 72 h.

In 2006, the Government of Manitoba partnered with the municipalities to initiate the
Ice Jam Mitigation Program, wherein they brought in Amphibexes (ice cutting machines) to
break up the ice on the river. The program expanded in 2011, when two more Amphibexes
were added to the existing two. Recently, the government’s ice-cutting program was
dissolved, and contractors are now hired to perform this work.

In 2009, the Government of Manitoba initiated the home buyout program, which
allows the government to purchase homes that are vulnerable to floods and cannot be
protected. Qualifying homes are those deemed to present harmful conditions for both the
occupants and rescuers during a flood. The Province has also implemented a two-step
application process for buying and building new houses outside of community ring dikes
and in the Red River flood designated areas. For instance, new builds must adhere to
flood-protection levels dictated by the Province. The two-step application requires builders
to provide the municipality with a plan showing the proposed elevation of the house and
to obtain a building permit.

In the past (~20 years ago), risk communication from the provincial government
to local communities placed considerable emphasis on appropriate emergency response.
However, in recent years, the focus has shifted more towards flood mitigation and pre-
paredness. Indeed, with climate change and the unpredictable nature of floods, “building
resilient communities” and “climate change adaptation” have been gaining more atten-
tion in risk communication and disaster management approaches by the federal and
provincial governments.

3.3. Non-Governmental-Organization (NGO)-Led Strategies

In recent decades, changes in the wet and dry cycles due to climate change have
become an additional concern with respect to flood and water management for non-profit
and non-governmental organizations such as the Red River Basin Commission (RRBC) and
the Watershed Districts. In 2022, after three consecutive dry years, snowfall, snowstorms,
and rainfall broke decades-old records, which posed a serious flood threat in the event of a
rapid (rather than gradual) spring thaw. However, even in dry cycles, farmers have become
interested in water harvesting and water-retention projects, especially when water can be
used with forages to feed cattle.

Non-profit organizations’ contributions to local-level coping and adaptation measures,
along with their drivers, are shown in Table 4. The Watershed District working in the
RM of Ritchot and the RRBC are the two major non-profit organizations involved in flood
management in St. Adolphe and Ste. Agathe. Water-retention projects are the most
prominent of the projects run by the Watershed District. For water-retention projects,
water is stored on lands rented from landowners or farmers that cannot be used for
cultivation, but are suitable as pastures. The stored water can absorb flood water-shocks
and it buffers the floodwater waves to mitigate further damages. Without water-retention
projects, farmlands might become inundated due to “bottleneck effects” in the drainage
system, which can in turn put nearby houses and roads at risk. One professional with the
Watershed District referred to this phenomenon as the “bathtub effect.” Since the cultivation
of crops is more profitable than renting out lands for water-retention projects, farmers and
landowners are generally reluctant to allocate their lands for such initiatives. However, the
Watershed Districts authority has gradually been able to explain the long-term benefits of
these projects to farmers and landowners. As a result, more farmers are now inclined to
rent out their lands for a season to help minimize flood losses. As a coping and adaptation
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measure, the Watershed Districts tries to prioritize pastures for use as water-retention
projects so that the grasses do not dry out and cattle can graze when the pastures are dry.
For water-retention projects and flood management planning, a three-dimensional mapping
system is necessary. The Watershed Districts advocated for the utilization of LiDAR (Light
Detection and Ranging)—which is a method for the determination of ranges—data in flood
management as an adaptation measure, as LiDAR can produce a digital 3-D representation
of the topography of the Earth’s surface.

Table 4. Coping and adaptation initiatives by nonprofit organizations.

Risk Reduction, Coping, and
Adaptation Strategies Driver Learning

Collaboration

• Representatives from the
municipality provide information to
the Watershed Districts.

• Collaboration between the
Watershed Districts, IISD, and
Service Water Management
Planning for engineering work.

• Active initiatives taken by the
municipalities.

• Large projects requiring
collaboration.

• Problems within the communities
are best explained by the local
representatives.

• Grant approvals require collective
decision making.

Newer methods

• Advocating for LiDAR.
• Acceptance of water-retention

projects.

• Lack of proper mapping for projects.
• Funding provided by the municipal

and provincial governments.

• Three-dimensional visuals from
LiDAR.

• Natural methods of mitigation.

Change in perception

• Prioritizing pastures in spring.

• Lands used for water-retention
projects cannot be used for
cultivation in spring.

• Devastating impact of floods and
nutrient abundance after water
recession.

• Pastures are perennial.
• Floods may destroy crops. On the

other hand, soil becomes very fertile
after flood waters recede.

Inexpensive alternative

• Utilization of berms as passive flow
structures.

• Insufficient money to build drainage
and automatically operated gates.

• Passive flow structures are
inexpensive.

Provincial funding

• Establishment of the Grow Trust
Fund by the provincial government.

• Realizing the potential of
water-retention projects.

• Water-retention projects are natural
initiatives to alleviate flood impact.

A common platform

• The Red River Basin Commission
works as a glue to hold stakeholders
together.

• Differences in opinions among
decisionmakers, technical experts,
and diplomats.

• Putting “political hat” aside is
important.

After successfully implementing the retention projects, the lands became more fertile
and easier to cultivate after the water receded. However, according to an official with the
Seine Rat Roseau Watershed District, flooding has become unpredictable due to climate
change, and such uncertainty is affecting the benefits of water-retention projects. This
official further shared that:

The Province currently only requires the Intensity-Duration-Frequency Runoff curve.
But for water-retention projects implementation, we need an IDF curve that accommo-
dates climate change. We are finding that seriously problematic.
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To cope with flood water, the Watershed Districts use a berm (a flat strip of land, raised
riverbank, or a terrace that borders a river or a canal) across low-lying lands with a culvert
underneath. Culverts enable a consistent flow of water, which is known as a passive
flow structure. The Watershed Districts also collaborate with the International Institute for
Sustainable Development (IISD) in constructing hydrodynamic models, which are prepared
by reading the surface and sub-surface waterflow with the high-water tables in place. The
Watershed Districts also collaborate with Service Water Management Planning, where they
are able to work with the engineering team. In March 2019, the provincial government
initiated the Grow Trust to support watershed-based conservation initiatives. The Grow
Trust is a $52 million trust, and the first of its kind in Canada.

The Red River Basin Commission (RRBC) plays a paramount role as a common
platform for discussions relating to flood management and the preservation of stakeholders’
interests, irrespective of political inclination. The RRBC also works as a reliable entity that
holds stakeholders together and provides a platform where stakeholders from Canada and
the United States can participate in open discussion.

3.4. Challenges to Coping and Adaptation Strategies in Flood Management

The challenges to coping and adaptation strategies at the local level vary based on the
context. The results of this study identified patterns in coping and adaptation measures
regarding local-level flood management in St. Adolphe and Ste. Agathe, as well as
several challenges for implementation, including: (i) inadequate support from government;
(ii) recovery timespan during the restoration period; (iii) loss of flood memory and collective
amnesia; (iv) lack of community-level preparedness; (v) disregard of emotional values;
(vi) lack of transparency at the senior government levels; (vii) communication gaps; and
(viii) private flood insurance coverage. These challenges are summarized in Table 5.

Table 5. Multilevel challenges of coping and adaptation to floods in locallevel flood management
in Manitoba.

Challenging Issues Associated Actors/Stakeholders

Support from the government

• Slower than required support from the provincial and federal governments in 1997.
• Unsatisfactory access to information and materials in 1997.
• Initiatives are reactive rather than proactive.
• Current political element in the decision-making process—community members’

indifference towards flood management results in the prioritization of issues such as
healthcare, policing, and education.

• Provincial government.
• Community members.

Flood memory and collective amnesia

• Faded flood memory.
• “Collective amnesia” thwarting social learning processes.

• Community members.
• Formal institutions.

Lack of community-level preparedness

• Community depends on RM council for flood management.
• No informal or quasi-formal groups are active currently.
• Complacency within the communities.

• Local governments
(municipalities).

• Community-based groups.
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Table 5. Cont.

Challenging Issues Associated Actors/Stakeholders

Disregard for emotional value

• Emotional value of homes and places is being ignored.
• Individual households.
• Provincial government.
• Federal government.

Community involvement in flood management

• Conspicuous lack of community involvement.
• Local knowledge is hardly utilized in planning.

• Community members.
• Formal institutions (provincial

government).

Local-level administration

• The municipalities compete with each other for revenue from property taxes. • Competing local governments
(municipalities).

Transparency at the provincial government level

• The Red River Floods Interpretive Center in Cartier Park was shut down due to lack
of management.

• Community members.
• Provincial government.

Communication gap

• Growing conception among the community people of St. Adolphe and Ste. Agathe
that the provincial government prioritizes the City of Winnipeg in flood
management measures.

• No communication between the provincial government and the community
regarding the above concern.

• Residents of St. Adolphe and Ste.
Agathe.

• Provincial government.
• Communities in vicinity.

Private flood insurance coverage

• Private flood insurance companies select lower-risk areas for coverage.
• The insurance companies have yet to be regulated properly.

• Vulnerable community
members.

• Private companies providing
flood insurance.

Challenges faced by non-profit and nongovernmental organizations

• Communication gap between the Watershed Districts and the provincial
government.

• The councilors from town have little idea of the local issues.
• Insufficient funding for projects and wages of non-profit employees.
• Civil engineer decisionmakers have a limited idea of agricultural issues.

• Non-profit organizations.
• Provincial government.
• Local governments.

From Table 5, it is evident that a lack of communication is one of the major challenges in
local-level flood management. For example, a growing dissatisfaction was observed among
the RM respondents who felt the City of Winnipeg—Manitoba’s capital city—is prioritized
in the Province’s flood management strategies. As one community member observed:

At the end of the day, all residents in the Red River Valley deserve an equal amount of
protection for flood events, regardless of where they live in.

There is also concern about the misinterpretation of disseminated information. One
government official commented that, in a risky environment, the more information the local
community people receive, the more they think that they do not have enough information. Such
perceptions can be very detrimental to the ability to work collaboratively.

One Watershed District official claimed that, although the watershed and protected
areas are under the Department of Agriculture and Resources Development, the officials in
that department responsible for funding Watershed District projects do not have relevant
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technical knowledge. As a result, these decision makers do not properly understand the
local needs of the community and cannot appropriately allocate a yearly budget.

Local-level flood preparedness is influenced by the interplay between funding con-
cerns, revenue generation, and the safety of the community. Many home buyers wish to
purchase houses that are located near bodies of water. If a house needs to be elevated,
such upgrades can cost upwards of $15,000 to $20,000, depending on the size of the house.
This may discourage homebuyers from purchasing a house in municipalities with such
regulations. Moreover, the costs of a large-magnitude flood fall under the DFA, which may
potentially encourage people to purchase houses situated on low-lying land and lacking
appropriate protective measures. Speaking about the rural municipalities, one provincial
government official stated that:

They’re kind of put in a bit of the unfortunate spot of trying to balance those competing
interests that they have. Some municipalities do a good job of saying, “this is your
protection level, if you want to build here, you better protect to this level.” Others will
say, “that’s not really our job. We don’t want to scare these guys off,” and they’re a little
more permissive, and they will let things go. So that’s an interesting piece of the puzzle.

Faded memories of past floods contributes to a lack of preparedness. Communities
tend not to prioritize or consider issues that they do not frequently encounter, leading to
a sense of overwhelming shock when a major flood event occurs. A member of the St.
Adolphe community stated that:

Once the flood is gone and you’re back into your house, and after four or five years you’re
back in naturally, almost where you were before. People just move on with their lives. I
certainly did. And then you feel very comforted with some of the post-flood mitigation
work.

In terms of coping strategies during the emergency response phase of the 1997 flood,
authority in the RM of Ritchot was concentrated in the hands of a councillor who was
originally from Ontario and who possessed very little local knowledge. A community
member from Ste. Agathe mentioned that:

The Province had no information system, everything was manual. So, recovery was
tedious at best. From a modeling perspective, in Ste. Agathe, we were told that the water
level was going to be 776.5 feet above sea level. And that level was given to us probably
10 days prior to the water arriving. So, the modeling was okay. The direction to mitigate
against the incoming water was where we failed as a province and as a local community.
The water came over the highway by six inches, it wouldn’t have been that complicated to
dike the highway, but they did nothing with the highway.

4. Discussion

The findings of this study revealed multiple drivers of coping and adaptation strate-
gies. To identify the drivers, we analyzed the patterns of coping and adaptation measures in
the communities St. Adolphe and Ste. Agathe, Manitoba, Canada. The identified drivers of
coping and adaptation strategies in these two communities were limited to local community
initiatives, interaction among different levels of government, non-governmental organiza-
tions, and initiatives by non-profit organizations. Significantly, the findings showed that
these drivers are not independent; rather, they are interdependent and intertwined.

As Olausson and Nyhlen [67] have suggested, networks formed spontaneously by
stakeholders, rather than by the government, can engender diversified solutions in terms
of focus, organization, and decision-making. After the 1997 “Flood of the Century,” spon-
taneous networks were built in local communities in the Red River Valley. However, as
memories of the flood faded, these networks began to dissolve, consequently increasing
the region’s vulnerability. This finding is consistent with Lopez et al.’s [68] observation
that as a component of adaptation measures, social preparedness is strongly affected by
human behavioral traits such as risk awareness, recency of flood experience, trust in the
authorities, and interactions among social groups.
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Our findings further revealed that the community members of St. Adolphe and
Ste. Agathe have trust in the structural measures taken by the provincial government
and, as such, do not perceive a risk of devastating flooding. Therefore, the residents of
these communities were generally reluctant to take any coping and adaptation measures,
especially after the construction of the community dikes. However, vulnerable residents did
take steps to elevate their houses and other properties as mandated by the local municipal
authority. In contrast, Porter et al. [26] found that households in the United Kingdom
routinely adopted low-cost, low-tech, intuitive, and quick actions that included changing
their diets and clothing and purchasing insurance. Similarly, in the rural town of Ingham
in Queensland, Australia, the major driver of community-level coping and adaptation
measures was the desire to rely on governmental measures as little as possible [30]. Even
in the presence of reliable government initiatives (e.g., structural measures), such proactive
measures would encourage coping and adaptation at the community level and decrease
pressure on the capacity of local and provincial governments.

Our research also revealed that, although the residents of these two communities
were concerned about climate change, they did not take any adaptive measures to counter
climate-induced uncertainties. This contrasts with the community members of the Okana-
gan Valley, British Columbia, Canada, whose coping and adaptation measures to withstand
flood losses were driven by the changing climatic conditions and a motivation to be proac-
tive [27].

Flood adaptation measures worldwide involve a wide range of specific activities that
are driven by multiple factors. For example, in Victoria, Australia, Wilby and Keenan [28]
found that the enabling factors of adaptation measures included routine monitoring, flood
forecasting, data exchange, institutional reform, bridging organizations, contingency plan-
ning for disasters, insurance, and legal incentives. In Wagga Wagga and Kempsey, New
South Wales, Australia, coping and adaptation were also driven by learning, the exchange
of information, and shared information [33]. In St. Adolphe and Ste. Agathe, coping and
adaptation measures at the community level were dependent on similar factors, where the
community members’ experience indicated that sometimes flood forecasts were incorrect.
Although the provincial government took some measures to interact with the residents of
these communities, the community members felt these measures were insufficient.

Coping and adaptation to flood disasters are also profoundly influenced by function-
ing partnerships among stakeholders. Haque and Etkin [69] observed that, along with
experience of natural hazards and structural approaches, successful recovery and coping
with disasters requires functioning partnerships among stakeholders within the formal
organizational structure and involving them with interactive learning, the co-production of
knowledge, resource sharing, and a collective decision-making culture. Here, stakeholders
include the residents of the community, municipal and provincial governments, the federal
government (depending on the magnitude of a flood), NGOs, and non-profit organizations.
Our findings indicate that there is a functional partnership among the stakeholders in St.
Adolphe and Ste. Agathe, and that they are connected to one another for collective initia-
tives. For example, the provincial government communicates with the local government
through the emergency managers. In the event of an emergency, the local government then
communicates with representatives from the community.

In our study area, a neighboring Hutterite colony was very active in uniting and
supporting the community members in Ste. Agathe and St. Adolphe during the 1997
flood. Similarly, in Alberta, Canada, faith-based quasi-formal institutions drove coping
and adaptation measures substantively at the community level [34]. It is evident that
quasi-formal institutions play a major role in supporting local communities with coping
measures, especially during flood disasters. In addition, institutional measures involving
the government are highly significant in withstanding floodwaters. For example, the
Government of the Netherlands created reservoirs along the rivers designed to reduce high
water levels [36]. The Government of Manitoba has supported the initiative undertaken
by the Selkirk city and two RMs (St. Andrews and Clements) for deploying ice breakers
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on the Red River to thwart the formation of ice jams, which can potentially contribute to
spring flooding.

Community members’ perception of risk is another important driver of community-
level coping and adaptation to flooding. Our findings indicate that risk perception is very
low among the residents of St. Adolphe and Ste. Agathe. The community members felt
that, while they may still need to deal with floods of inconvenience, the structural measures
that had been instituted precluded the possibility of a large-scale devastating flood.

The community members also believed that, should major flooding occur, the provin-
cial government, local government, and non-profit organizations would take charge. The
community members generally rely overwhelmingly on these institutions, which caused
them to tend to be passive with respect to taking coping and adaptation measures. Insuf-
ficient communication among stakeholders was responsible for creating this misunder-
standing. In their study of flood preparedness measures in the UK, Tompkins et al. [70]
found that the adoption of a top-down-oriented targeted adaptation approach had been
successful in generating anticipatory actions in several regions in the country. However, to
take advantage of the innovative opportunities from niche activities, community members
must actively participate and collaborate.

At the provincial level, the Government of Manitoba has invested extensively in
flood-protection measures and their management for flood risk reduction. To this end, the
government held public hearings and launched interactive websites to engage commu-
nity people and solicit their opinions. The Dutch government took a similar approach by
investing in flood infrastructure and by adopting a participatory approach in its implemen-
tation [24]. Interjurisdictional collaboration has been another successful flood risk-reduction
measure for adapting to the changing flood frequencies and intensities in Europe. In Ger-
many, flood risk-reduction measures included the implementation of the European Union
Flood Directive, which allowed member states to identify, map, and manage flood risk [25].
In our study, we did not find such collaboration at the interprovincial level. However,
climate change concerns have recently been added to the flood risk-reduction discussion
in Manitoba. To assist with the development of strategies that account for climate change,
stakeholders in Manitoba might look to the actions taken by the local governments in other
countries. For example, the town of Singleton, Newcastle, and Lake Macquarie in the
Hunter region of New South Wales, Australia, have proactively integrated climate change
adaptation into their strategies, policies, and plans for disaster risk reduction focusing on
land use and development [71].

5. Conclusions

In-depth studies on local level flood hazard-risk reduction, coping and adaptation
strategies are scant, and the present study makes a contribution to this area by offering a
case study of two communities of Manitoba, Canada. The findings of the study improving
flood hazard-risk reduction and formulating effective adaptation strategies. In turn, this
research can help achieving UN Sustainable Development Goals 2 and 11 (SDG-2 and
SDG 11) that encompass achieving food security, and making the human settlements safe,
resilient and sustainable.

The Red River valley communities in Manitoba, Canada, rely heavily on the numerous
major structural-engineering interventions that have been implemented since the flood of
1950. However, 1997′s Flood of the Century exposed these interventions as inadequate,
which resulted in significant interest in non-structural risk-reduction interventions such
as preparedness, evacuation plans, and floodplain zoning. In recent years, coping and
adaptation measures taken in the communities of St. Adolphe and Ste. Agathe, Manitoba,
Canada have been influenced by the interplay of several drivers. In particular, our findings
showed that effective communication and the transparent sharing of information were the
prime factors in flood preparedness and emergency response, especially in sandbagging,
and the evacuation process. We also found that technological advancement has played a
major role in improving communication, as social media and government websites have
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become common platforms for communication between the government and members of
these communities.

In Manitoba, the Emergency Measures Organization (EMO) serves as a hub for in-
tegrating information from stakeholders. The provincial government and an NGO—the
Red River Basin Commission (RRBC)—implement initiatives aimed at building awareness
among community members with regards to flood preparedness and coping methods in
emergencies. At the local community level, the Watershed Districts, supported by funding
from the provincial government, have also been implementing water-retention projects to
manage floods.

At the local level, flood risk reduction strategies and measures by and large depend
on historical conditions, including knowledge of past flood disasters, and other local
conditions. Therefore, generalizations at the river basin level or broader organizational level
for the purpose of undertaking reduction measures often are not effective. Understanding
local conditions for effective measures is crucial.

Consistent with the exiting literature, our results revealed that effective and mean-
ingful communication with stakeholders is crucial to the adoption of integrative and
participatory coping and adaptation strategies, as such efforts can transform the flood man-
agement system into an interactive platform. Therefore, future policy formulation should
emphasize the removal of bureaucratic constraints, the remediation of communication
shortcomings, and the adoption of a more integrative decision-making process.

The findings of the empirical research presented herein give rise to the following
recommendations:

1. Community members must be made aware of the fact that flood frequency is becoming
uncertain due to climate change. As such, the practice of “living with floods” should
be a component of daily life activities.

2. Community-based organizations should be proactive and maintain coping and adap-
tation strategies for flood management in their agendas.

3. Formal and quasi-formal institutional organizations should collaborate with
community-based groups.

4. Private flood insurance should be regulated by the provincial government.
5. Trust among stakeholders should be built via communication and transparency. Tech-

nological advancement can be used to advance this objective.
6. It is imperative that all officials of government and non-governmental organizations

are appropriately trained to perform the duties required by their positions. The proper
management of natural and financial resources is one of the preconditions of apposite
coping and adaptation strategies.

This study had two key limitations. First, there is a scarcity of chronological data
regarding local-level coping and adaptation to floods in Manitoba. And second, the focus of
this study was limited to one municipality and, therefore, the results cannot be generalized
to the whole province. Future research should investigate the dynamics of community
involvement, the development of effective communication methods and tools, and the
potential scope of private insurance that would balance profits and helping community
members manage flood risk.
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