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Abstract

Indigenous communities are not just the inhabitants of the land
they live on, they are its stewards, storytellers and souls. Their
homes, often passed down from one generation to another, hold
the stories of their ancestors, struggles, and the rituals that define
their sense of place. Yet, time and again, these communities are
forced to evacuate due to flooding, temporarily uprooted from
the lands they call home. Throughout Canada’s colonial history,
numerous Indigenous communities have been displaced onto
remote, flood-prone land increasing their vulnerability to floods.
The impact of these repeated displacements ripple through the
communities, disrupting cultural heritage, age-old traditions,
and the sacred connection between land, water and people. This
creates a profound sense of loss—both tangible and intangible.
Many communities have felt the impacts that some residents
were never able to return home, faced with the difficult decision
to abandon their multigenerational homes.

With floods growing in frequency and intensity, the urgency
to address the impacts of climate change is more pressing than
ever. Beyond the cultural, social and mental toll, the economic
burden of rebuilding is staggering, with billions spent on recovery
and reconstruction. Communities without access to substantial
resources for protective measures often bear the brunt of the
impact. But while the physical structure of a home can be rebuilt,

can one really rebuild and recover a sense of belonging?
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This thesis advocates for amphibious architecture as a
resilience-in-place approach—a way for Indigenous communities
to remain safe on their land, even when floods come. Unlike
relocation, which severs the deep bonds between people and
place, amphibious architecture allows homes to rise with the
water and settle back once it recedes, offering the possibility
of living in harmony with natural cycles, rather than in fear of
them. By exploring how this architectural form can be applied
across Canada and incorporated into policies and regulations,
I argue for a future where Indigenous communities need not
choose between safety and staying on their homeland. This work
1s about more than protecting homes from floods; it is about
safeguarding the cultural continuity and the deep connection
to land that relocation threatens to erase. Ultimately, it raises
the question of how architecture can protect and preserve the
sacred bonds between land, water, and people, fostering a more

resilient and equitable tomorrow.
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“When we take care of the land and water, the land and
water take care of us.”

(Sylix First Nations Water Declaration)
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preface

This thesis began not with a design, but with a question: how do we
create homes that honour the land, even when the land itself is vulnerable
to change? As I reflect on the journey that led me here, I realize that this
question is as much about architecture as it is about belonging, resilience,
and the stories that shape us.

I have always been aware of the power of water—the way it carves
landscapes, nourishes life, and yet, at times, devastates entire communities.
Working on this thesis, I came to understand that designing for flood-prone
Indigenous communities requires more than just technical expertise; it
demands a deep respect for the lands and cultures that have withstood
shifts and upheavals far beyond those I could ever fully know. Here,
decolonizing research became not just a tool but a practice of humility.
Throughout this thesis, I have grappled with the question of agency: what
right do I have, as an outsider, to engage with land that is not my own?
How can I respectfully engage with places that hold legacies of stewardship
far deeper than my own understanding? This question has no definitive
answer but invites an openness that, I believe, is essential to work of real
value. I chose, therefore, to focus on moments of learning and re-learning,
acknowledging that I am neither equipped nor entitled to derive a single
answer to these questions.
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[ also want to clarify that in this thesis, I do not speak for the Indigenous,
or even from the point of view of someone who has great knowledge of,
rather [ come from a space of relative knowledge that I gained while working
on this thesis and interacting with the many people around me. This thesis
is a contribution as an outsider—one position I am now familiar with,
having lived among cultures and languages different than my own. This
is my acknowledgement that I am stepping into someone else’s territory,
with a willingness to learn with and from those whose voices and histories
ground this work.

As I delved deeper into the complexities of flooding in Indigenous
communities in Canada, I came to understand that for Indigenous peoples,
connection to land and water is not merely geographical—it is cultural,
spiritual and ancestral. Evacuations and displacements caused by flooding,
therefore, disrupt more than the physical. They uproot connections that
ground identity and heritage. This thesis became a dialogue with these ideas
of belonging and resilience. It is a way to ask: what if there were another
choice? What if resilience could mean remaining in place, adapting rather
than relocating, and continuing to belong even when waters rise?

Thus, it became clear that the solutions needed were not purely physical.
They required a profound shift in how we think about building, policy, and
most importantly the relationship between people and place. This thesis is
an attempt to bridge these worlds—the world of structural resilience and that
of cultural preservation. My personal background, coming from a culture
that too views water as sacred, helped shape how I view our response to
natural forces like flooding, pushing me to question conventional narratives.
Often, we perceive flooding as a natural hazard—a force to resist or control.
But what if, instead of resisting, we learned to adapt? This mindset is not
only essential for climate resilience but holds the potential to shift our
relationship with the land toward one that is collaborative, and grounded
in possibility.
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PREFACE

This thesis is a narrative of possibility. It is a call to rethink how we
design for places where the land is in constant dialogue with water—a call
to design with respect, and a deep awareness of the stories that flow through
the rivers and roots of the lands we inhabit. Ultimately, this journey has
been about more than architecture or research. It has been about discovering
a new relationship with water—one that invites us to ask what is possible,
to design with the confidence that adaptation is not surrender but strength,
and to envision a future that embraces the rivers, rains, and rising waters.
My hope is that this work reflects both my commitment to learning and
my respect for those who call these lands home. I step forward with this
thesis as both a visitor and a student, grateful to have been a part of these
conversations, and ever willing to listen and learn.

This work is dedicated to the communities who have long endured the
uncertainty of the waters, and to those who continue to imagine, with hope,
what the future of their homes might be.

XX1X
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Fort Langley during the 1948 flood. Flooded road in BC in 1948. Hon
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North Saskatchewan River in Edmonton, Flood of 1915. Damaged homes in a Cree Village, Manitoba Legis
northern Ontario, Flood of 1986.

Siksika First Nation home flooded in 2014. Residents sandbagging Winnipeg Musgamagw Dzawada’enux
streets for the flood of 1950.

Figure 1.0: Flooding in Indigenous con
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Coquitlam River, Flood of 1921.

lative Building flooded in 1950. All the damaged homes in Peguis First Nation, Aftermath of the Coquitlam River
Flood 0f 2022. Flood in1921.

w First Nations in BC Mould in the home of a couple who evacuated due to Home, buildings, and floating debris on
flooded in 2017. the extreme floods in Peguis First Nation, 2022.  Chadsey Road, Chilliwack, BC, Flood of 1948.

imunities in Canada (Collage by author).
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CHAPTER 1

after the floods

1.1 The Flood Myth

Throughout time, people across the world told tales about how they came
to be, those of heroes and monsters, stories of romance and tragedy, and
folktales of death and rebirth. Such mythologies have shaped the world.
Of these beliefs, those of floods have emerged as powerful narratives
reminding us of the power of water. Nearly 200 different flood myths
varying from different regions and periods exist'—from the Epics of
Gilgamesh to Noah’s Ark. It is an age-old scenario where a powerful deity
finds Earth and humanity to have become corrupt, and decides to wipe
the slate clean to begin anew. They send a great deluge that engulfs the
entire known world in water, drowning everyone but a few survivors who
then recreate the world. Similar narratives appear in Hindu, Greek, and
Indigenous traditions, all sharing the notion of a great flood cleansing a
corrupted world and paving the way for a new world.

Among the Indigenous peoples, flood myths hold significant cultural
significance. For nearly all Indigenous communities of Canada, the creation
story is a watery one. The Anishinaabe' creation story begins with the

1 The Anishinaabe are a group of Indigenous peoples in the Great Lakes regions of
North America. Their name translates into “the good humans,” meaning those who
were shown the right path by the Great Creator.
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great Creator who made everything—the stars and planets, earth, land,
water, plants, animals, and humans.? However, like the age-old scenario,
over time humans grew selfish and fought with one another, pitting
groups against each other.’ The great Creator waited to see if “[we]
would remember ourselves...but [we] didn’t.”* So, there was a flood,
and everyone perished except those whom the great Creator favoured.
Nanaboozhoo, a central figure in the story, survives on a log with select
animals (Figure 1.1). Remembering old tales of creation he had heard,
Nanaboozhoo seeks to recreate the world, aided by the muskrat’s sacrifice,
ultimately forming the Turtle Island, known today as North America.’
Along similar line, the Squamish creation story describes that when
their people saw the great flood coming, they made a giant cedar canoe
which held children, and a man and woman as their guardians. So, when
the floodwaters rose, everyone but those in the canoe drowned.® These
Indigenous flood myths underscore the themes of interconnectedness,
environmental stewardship, and the sacred relationship between the
people and the water.

Like those in these myths, floods today come in many forms—through
heavy rainfall, melting of glacial snow, tidal surges, storms, tsunamis,
hurricanes, cyclones or ice and debris jams. They kill numerous people,
both directly through drowning in the floodwaters or indirectly through the
consequent exposure, starvation, or disease. From Indigenous perspectives
to global narratives, these stories reflect on the power of water.

1.2 What is Flooding?

Floods, with their catastrophic power, have shaped Earth’s landscape
since time immemorial. People settled along rivers for water, food, and
transport,” but the proximity to the water made it riskier and floods brought
with it destruction. One of the earliest documented floods is a storm surge
near the Netherlands in the North Sea in AD 838 when a “great wind

6
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Figure 1.1: Nanaboozhoo during the Great Flood (Source: Illustration by R.C.
Armour, from his book North American Indian Fairy Tales, Folklores and
Legends, 1905).
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whipped the sea into a sudden and terrifying flood that destroyed
buildings and drowned nearly 2,500 people.”® Similarly, the Anglo-Saxon
Chronicle of 1099 described a flood that “rushed up so strongly and
did so much damage that no one remembered anything like it before.”
Some other major ancient floods included the Dutch flood in 1176, the
1287 flood in Zuiderzee region and the “Grote Mandrenke” [the Great
Drowning of Men] in 1362 (Figure 1.2).!° The Yellow River in China,
known as “China’s Sorrow,” has flooded 1,500 times in the past 3,000
years.!! Through effects of climate change and upriver development,
floods nowadays occur more frequently and with greater severity causing

widespread damage to property, infrastructure and livelihoods.

Figure 1.2: A flooded village during the “Grote Mandrenke” in 1362 (Source: De
Agostini, Biblioteca Ambrosiana).

Over the past century, natural hazards have led to significant loss of
life and widespread economic damage globally. Of these, flooding is
one of the most dangerous and damaging forms of natural hazards in the
world. The Government of Canada defines flooding as an event where
the flow of water exceeds the capacity of a river or stream’s channel, or
when water levels rise along shorelines due to high runoff, storm surges,
or intense wave activity.'> As Parker (2000) discusses in detail, floods
can take numerous forms varying in shapes and sizes, but roughly refers
to an event where water rises or flows over a region that is normally not
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submerged.”® Some general causes of flooding include snowmelt, heavy
rains, ice jams and other obstructions, glacial outbursts, coastal storms
such as tsunamis, hurricanes, and cyclones, as well as changes in drainage
patterns due to urbanization, where surface sealing increases runoff,
raising river levels and the water table.'* Globally, the leading cause of
floods is heavy rains, of either long duration or high intensity, which leads
to creation of high runoff in rivers or build-up of surface waters in low-
lying areas.'> At times when it rains over a long period of time, a rise
in river levels can be observed that causes the water body to overflow
on the surrounding land for days, sometimes weeks.'® Intense rainfall
can also cause water to overflow in urban areas where the storm water
management system of drains is not sufficient to handle such capacities.
Heavy rains as an aftermath of cyclones might produce intense runoff
and rapid flash floods across the river valley regions.!” While these types
of floods are usually confined to a particular geographic area and are for
short periods, the sudden and severe nature of the floods can be highly
damaging and dangerous.'®

Coastal areas are more vulnerable to flooding due to their proximity to
the sea. The second major cause of flooding is tidal and wave extremes
that lead to the sea water rising above typical high tide levels. Additionally,
cyclonic storms can aggravate the situation by creating a “storm surge”
condition, where the reduced atmospheric pressure lifts the surface of the
sea while either high or strong winds drive the water to shore."” The wind
circulation around the eye of a hurricane causes this lifting of the ocean
surface, and once the storm reaches the shallow waters near the coast, this
vertical circulation is disrupted causing it to rise.?” In some regions, floods
may also be associated with typical climatic conditions and weather patterns
such as monsoons or annual periods of heavy rains.?! While flooding is
typically found to be associated with damage to property, trauma and loss
of life, it is important to understand that it is a natural phenomenon and
necessary for survival and health of the ecosystem. Not all consequences
of flooding are negative; it is only hazardous when a flood reaches an

9
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abnormal level and is considered an event negatively impacting the
communities. The Centre for Research on the Epidemiology of Disasters
(CRED) classifies an event as a “disaster” if at least one of the following
occurs: 10 or more lives are lost or 100 or more people are affected directly
or indirectly.”* According to their data, flooding is the second deadliest
natural hazard worldwide, second to drought/famine in recent years,
accounting for more than half of the global population being impacted
in some form or the other.”® Today, according to Intergovernmental
Panel on Climate Change (IPCC), flooding is the most widespread
hydrometeorological hazard and with the change in climate, flood hazards
are likely to increase in many different areas of the world.**

Flooding has been a constant problem throughout human history,
prompting various communities to devise strategies in response to its
devastating consequences. From ancient civilizations to modern societies
today, the approach to managing and mitigating flood damage has reflected
the diverse geographical conditions, cultural norms, availability of resources,
and other socio-economic factors. Across different regions and throughout
history, communities have adapted to flooding by developing innovative
and resourceful architectural solutions that reflect their local environment,
cultural practices, and available materials. These adaptive strategies range
from raised stilt houses to floating dwellings, showcasing the diverse
ways humans have responded to the challenges posed by flooding while
maintaining their connection to the land and water. For example, in Thailand,
construction projects are going back to using traditional building techniques
and structures to deal with floods such as stilts or building on floating
barges and rafts (Figure 1.3).%° For instance, in 1850, 90 percent of the city
was affected by flooding of one of the worst “climate-related disasters in
Bangkok™ and coped by living on barges.? Similarly, the Iraqi marshes
have been characterised as “beautifully elaborated floating houses” made
of reeds in southern Iraq.?’ The Indigenous ethnic group of the Kamchatka
Peninsula in Russia—the lte/mens—Iive in raised houses in the winter
months called phem (plural: phemy).”® They use different houses in the
summer and winter, and as the ground thaws in the summer, the floors of
their homes begin to flood.?* To prevent water from entering their dwellings,

10
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the winter homes are built on raised platforms and shaped like pyramids.*°
Similarly, the Indigenous community of Assam in India—the Mising—
have lived in close proximity to the river for centuries and have relied
on architectural innovations and strategies to reduce disaster risk during
the annual floods.*! Typically, the Mising live in a chang ghar which is a
traditional house on a raised platform supported by bamboo stilts that are
at least 10 feet [3m] tall.’> The village of Mechrey in Cambodia has relied
on different strategies to manage the problem of flooding, by floating their
village that can move from place to place if need be.* The entire village
of 2,000 residents consists of traditional buildings floating on bamboo
rafts or metal barrels with their own unique layout and style.**

In contrast, more contemporary examples of flood-adaptive architecture
can be seen in places like Ladner, British Columbia. Canoe Pass Village
is the country’s first legalized floating home community.*> Meanwhile, the
Cowichan Tribes in British Columbia pile sandbags around their homes
in low-lying areas and reports suggest that it takes up to 1,500 sandbags
to protect one home.*® In other parts of the world such as the Netherlands
and Bangladesh, amphibious architecture is installed to mitigate flooding.
For example, some amphibious homes in Old River Landing in Louisiana
and Maasbommel in Netherlands are houses that can float when they need
to during the event of a flood.?” Thus, examining the various responses to
flooding and adaptation strategies helps us to understand the intersection
between design, environmental dynamics, and social values.

1.2.1 Flooding in Canada

Flooding in Canada is known to be a common phenomenon where an
increase in streamflow beyond the capacity of normal stream channel
causes water to overtop riverbanks and spread out along the adjoining
floodplains.* The International Disaster Database recorded 22 dangerous
floods in Canada between 2000 and 2015, which led to 18 deaths and
126,474 people being impacted.*® In 2022, the most common natural hazard
worldwide was floods with a total of 176 floods recorded in that year alone,
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Figure 1.3: Architectural Flood Mitigation
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Kamchatka Peninsula, Russia, Latte Period Chamorro/
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and a total economic loss of 66 billion US dollars.*’ In that year, flooding
caused the estimated death of 7,400 people around the world. In addition,
approximately 54 million were impacted, including those who were
injured, left homeless, or otherwise affected.* A 2022 climate report
predicted that the global population exposed to flooding will rise by 24
percent in the case of an increase in global temperature of 1.5 degree
Celsius.* Floods accounted for 16 percent of weather and climate related
deaths recorded between 1970 and 2021, and in the last decade alone
there were an accumulated 50,000 flood-related deaths around the world,
which equals an average of 14 deaths per day.*® As the statistics illustrate,
flooding is not only a global concern but also a pervasive issue in Canada,
where it emerges as the most frequently occurring natural hazard,
impacting communities across the country.

Floods are the most frequently occurring natural hazard in Canada
(Figure 1.4). The Canadian Disaster Database counts 241 flood disasters
that occurred in Canada between 1900 and 2005, which is five times more
than the second most frequent disaster—wildfires.* Flooding and its conse-
quences are experienced in cities across Canada, with heavy rains causing
widespread basement flooding in cities of Montreal, Hamilton, Toronto, and
Thunder Bay in 2012, Mississauga in 2009, southern Alberta and southern
Ontario in 2013 and Burlington in 2014 among many others.*> There are
several causes of flooding in Canada—spring snowmelt, upriver and tor-
rential rains, and tsunamis in coastal areas.*® Furthermore, climate change
has been increasing the risk of devastating atmospheric river occurrences
by at least 60 percent in certain regions of the country, as happened in the
2021 Atmospheric River Events (AREs) in British Columbia.*’

As well as being the most frequent, floods are also one of the most
costly types of natural hazards, especially in Canada.*® Canadians
are concerned about flooding and want to prepare for it to prevent
the damage, since the costs of flood damage in the country are high,
some losses being deeply personal and difficult to measure in dollars.*
Although insurance companies and industries develop risk management
practices, flood exposure and its consequences are often inadequately
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Figure 1.4: Number of historical flood events inventoried in Canada (Adapted from
Natural Resources Canada, Government of Canada).

addressed. This oversight is significant, as flooding causes an average of
1.5 billion dollars’ worth of damage to Canadian households, property
and infrastructure annually, with the residential property owners bearing
75% of uninsured losses annually.>

The types of flooding in Canada can be categorized into four broad
categories;’!

a) Fluvial flooding (i.e. river or riverine flooding)
b) Pluvial flooding (i.e. heavy rainfall flooding)
9] Coastal flooding

d) Groundwater flooding

15
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Fluvial flooding or riverine flooding occurs when “water overflows its
banks from a river, stream, or creek”* (Figure 1.5). The common cause
of such flooding is prolonged or heavy rainfall along with snow or ice
melt—also called freshet.” It is a recurring event and can last for weeks
at times, due to an increase in temperatures which causes the snow and ice
to melt.>* The strength, velocity, depth, and the duration of such flooding
largely depends on the depth of the snowpack.> Additionally, ice jam floods
can also be fluvial since they are caused by the temporary blockage of the
waters from the build-up of floating ice® (Figure 1.6).

Figure 1.6: Fort McMurray flooded in 2020 after a 25-km ice jam, forcing 12,000
people from their homes. (Source: Greg Halinda, The Canadian Press).

16
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Pluvial flooding or heavy rainfall flooding occurs when intense downpours
affect a specific area within a short timeframe®’ (Figure 1.7). It is described
as when a storm causes “flooding that is independent of an overflowing
body of water.”*® Various factors including the volume of precipitation,
saturation of soil, and the capacity of the drainage systems influence this
type of flooding.” And unlike riverine flooding, these kinds of floods are
less predictable and typically have shorter warning times.® It can also lead
to flash flooding that can occur when heavy rainfall and storms trigger
flooding within three to six hours and may cause catastrophic damages.!
Urban flooding is another variant within this category of flooding. It is
defined as “inundation caused by overland flows (such as stormwater
runoff and riverine flooding)”®? and is essentially “caused by excessive
runoff in developed areas where water has no place to go, overloading
both engineered and/or non-engineered drainage systems.”

Figure 1.7: A woman gets back into her flooded car in Toronto, 2013, after heavy rain-
fall caused widespread flooding (Source: The Canadian Press).

17
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Coastal flooding can occur as a result of four major factors that include
waves caused by heavy winds, tides, storm surges, and changes in the sea
level® (Figure 1.8). It can take place both at ocean coasts as well as lake
shorelines.% Coastal flooding is defined as when the “water inundates or
covers normally dry coastal land as a result of high or rising tides of storm
surges.”® For example, tsunamis can be an extreme example of coastal
flooding®’ (Figure 1.9). Rise in sea levels and the consequences of climate
change will worsen coastal flooding in the future. According to Canada's
Changing Climate Report,*® coastal flooding is “expected to increase in

many areas of Canada due to local sea level rise.”®

= S

Figure 1.8: Point Pelee National Park flooded by Lake Erie (Source: Public Works and
Government Services Canada, Richard Vroom, 1976).

Figure 1.9: The Impact of 1929 Tsunami on Newfoundland’s Burin Peninsula (Source:
Queen Elizabeth II Library, Memorial University).
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Groundwater flooding occurs in areas characterized by high water
tables, chalky or sandy soils, and prolonged periods of rainfall.” This
type of flooding is often associated with basement flooding and septic
system overflows, and it can occur at both the community and individual
structural levels.” It is exacerbated when soil becomes fully saturated from
continuous rainfall, preventing further absorption of water, which causes
excess water to accumulate. Groundwater flooding tends to worsen during
the spring due to snow and ice melt, which raises groundwater levels.” On
a smaller scale, individual buildings may experience this type of flooding
when groundwater levels exceed the lowest point of the structure, allowing
water to infiltrate basements through small cracks in foundation walls and
floors.”

1.2.2 Flooding and Climate Change

In recent years, the frequency and severity of flooding events have
increased due to the effects of climate change. The United Nations (UN)
defines climate change as “long-term shifts in temperatures and weather
patterns” and observes that recently human activities have become the
driving force of climate change, mainly due to the burning of fossil fuels
such as coal, oil, and gas.” This generates greenhouse gas emissions that
trap the sun’s heat, causing the temperatures to rise.”” Scientists have
reported that Earth’s average temperature is 1.1°C warmer than it was in
the 19th century before the Industrial Revolution.” In Canada, the rate
of temperature rise is approximately twice the global average, with the
warming particularly pronounced in the northern regions of the country.” As
global temperatures rise, the intensity of extreme weather events, including
heatwaves, wildfires, droughts, cyclones and heavy rainfall, become more
common. According to Canada s Changing Climate Report 2019, the annual
mean precipitation of the country is projected to increase up to 24% by
the end of the 21st century.”® Extreme weather events that were expected
once every 20 years are now expected to happen every 10 years by 2050
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and, furthermore, every 5 years by 2100.” As discussed, coastal flooding
is also projected to increase in many regions of Canada due to rising sea
levels.® Reports suggest a projected increase in river flooding frequency
by 10-20% and a sharp increase in the number of local flood events due
to heavy rainfall, increasing by 40%.%' Hence, it is crucial to recognize
the influence of the changing climate when assessing risks and impacts of
flooding (Figure 1.10). Addressing the impacts of flooding in the context
of climate change requires an approach that not only includes investment
in resilient infrastructure but also climate adaptation strategies.

1.3 How to cope with floods?

In addressing the challenges of flooding, various strategies have
been developed to mitigate its impacts and safeguard communities and
infrastructure (Figure 1.11). These range from traditional flood defense
structures to innovative architectural designs. This section explores different
approaches to cope with floods including:

Dikes, Levees, and Floodwalls are among the oldest and most common
flood defense structures used across the globe. Ancient civilizations in the Indus
Valley, ancient Egypt, China, and Mesopotamia built levees to protect their
regions from catastrophic flooding.®? Dikes and levees are both long walls or
embankments erected to prevent flooding from an adjoining water body.%
Afloodwall is defined as a “freestanding, permanent, engineered structure
designed to prevent encroachment of floodwaters.”** While these structures
effectively reduce flood risk, they can also increase the risk of catastrophic
failure during extreme events.® The levee and floodwall failure following
the aftermath of Hurricane Katrina in 2005 led to devastating flooding in
New Orleans, causing approximately 80% of the city to flood resulting
in at least 986 verified deaths' and over 600,000 households displaced.®

1 While the verified, documented number of deaths from Hurricane Katrina was 986,
estimates suggest that the actual death toll was much higher, with some sources, such
as the National Guard, reporting over 1,600 fatalities.?”
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Mounding is the same idea as building on higher ground. It is using
mounds of sand, sediment or earth that elevate the individual structure to
protect it from flooding.*® In ancient Netherlands, settlements along the
Dutch coast were built on artificial mounds to protect them from floods
and their consequences.® Similarly, there have been studies conducted that
concluded that the Indigenous population of Cahokia by the Mississippi
River and within its floodplain built on earthen mounds to resist the
destruction and consequences of the floodwaters.” This technique is still
used today in modern flood mitigation strategies.

Floodproofing encompasses a range of measures aimed at making the
building more resilient to flowing or standing water and reducing potential
damages.”! Dry floodproofing techniques include measures to keep the
surface water out of the building and are preferred by homeowners since
the inside of the structure and its contents are kept dry.”? Unfortunately,
due to feasibility issues when the floodwaters are strong and deep, dry
floodproofing cannot prevent water intrusion.” On the contrary, wet
floodproofing minimizes potential damage by allowing water to enter the
building, which balances the water pressure both inside and outside, thereby
reducing stress on the foundations and the walls of the house.”* However,
the homeowner must remove vulnerable possessions and contents inside the
building and store them at a location above the flood elevation to prevent
damage and clean-up afterwards.”

Relocation is moving or retreating communities from floodplains to
alternative locations locations on higher grounds.”® While it is the most effective
approach, planned relocation for communities is generally “considered a
measure of last resort.”” It is still important to acknowledge that moving
communities away from highly vulnerable regions in “a planned and anticipatory
way” can prevent future forced displacement.”® Clearing the floodplain
location of homes and other structures also helps make room for the rivers to
flow along their natural course.” It is a step towards “clearing the floodplain
of developments and turning this land [back] into a natural area.”'® This
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strategic relocation is usually achieved mainly through the public

acquisition of land.'"!

However, relocation brings challenges such as
unemployment, food insecurity, psychological distress and the loss of

heritage, as communities are forced to start over and rebuild their lives.

Permanent Static Elevation or elevating a house is when a house is
raised to a “required or desired Flood Protection Elevation (FPE).”'* As
mentioned in Section 1.2 (pg. 38), permanently elevating houses has been a
common practice around flood-prone communities for hundreds of years if
not thousands. It involves elevating the building using structural supports—
such as raising it up on stilts."”® While raising houses on stilts permanently
is one of the most commonly used flood prevention strategies, it has its
limitations. For example, raising the house from street level invites a loss
of neighbourhood character, and increased vulnerability to wind damage
to the roof and on the building itself.'” This method also adds more stairs
to the house, posing mobility challenges for the elderly and accessibility
difficulties. Additionally, even if a building is raised to a desired height
above the FPE, it can still flood in an extreme event.!”® When it floods
higher than the height of the stilts or the vertical structural members in an
extreme event, this approach becomes ineffective still resulting in damages
and displacement.'*

Amphibious Architecture is a strategy where a house is prepared to
float when the floodwater comes while remaining on the ground under
normal conditions.!”” English (2016) describes it as “an alternative flood
mitigation strategy that allows an otherwise ordinary structure to float on
the surface of rising floodwaters rather than succumb to inundation.”'*® It
incorporates design components [refer to Chapter 3.2, pg. 75] that provide
support to the structure by using amphibious foundations that enable it to
adapt to the changing water levels during a flood. Amphibious architecture
can be seen in places such as the vacation homes in Maasbommel in the
Netherlands, or recreational houses in Old River Landing in Louisiana.'"”
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1.4 Relocation or Resilience in Place?

In addressing the challenges posed by flooding and its consequences, two
primary approaches have emerged—relocation and resilience in place.
Relocation can involve moving people and infrastructure either to higher
grounds within their own land or to entirely new locations away from
flood-prone areas. While relocation involves moving communities away
from their homes to safer zones, resilience in place’ offers an opportunity to
implement strategies for existing communities to withstand and recover from
the flooding events in their lands and homes. The usual approaches—some
of which are mentioned above—such as dikes, levees, and floodwalls have
been used to stop the water from entering populated areas, or “control” the
water by redirecting it. Such flood mitigation strategies can lead to unintended
catastrophic consequences over a time.''® While barriers may provide
temporary relief, they can fail due to wear and tear, exceed their design
capacity during extreme flood events, or suffer from inadequate maintenance,
breaching, and overtopping. When these systems fail, people may face
not only the burden of the immediate devastation but also the challenges
of recovery and rebuilding in increasingly compromised environments.'"!
For example, the city of New Orleans suffered devastating aftereffects
of the levee system failure during Hurricane Katrina in 2005. Although
the levees were designed to protect the city, the storm surge overpowered
them. The resulting breaches led to widespread flooding and extensive
damage, illustrating how even flood defences can fall short under extreme
conditions.'? Additionally, reliance on such infrastructure can also create a
false sense of security among residents, encouraging further development
in floodplains, and thus increasing risk exposure.

1 Resilience in Place: refers to strategies and measures implemented to improve
a community’s capacity to endure, adapt, and recover from flooding and other
environmental challenges while remaining in their original location. This approach
emphasizes strengthening local infrastructure, enhancing adaptive practices, and
promoting sustainable land use to ensure that communities can withstand adverse
conditions to thrive in their existing established environments.
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The Federal Emergency Management Agency (FEMA) of the US
describes resilience as preparing communities, reducing suffering,
speeding up recovery.'”® It is the ability to bounce back from difficult
experiences and successfully adapt in the face of adversity. Resilience-in-
place approaches, such as amphibious architecture, accept the presence of
floodwater and accommodate it. The concept of amphibious architecture
accepts that flooding is inevitable and strives to work in harmony with
nature to adapt to the changing environment. This strategy recognizes
the value of water and its role in shaping the built environment and
embraces water as an element that is “free to flow,” fostering a deeper
connection between the communities and the surroundings. The Government
of Canada describes flood resilience in particular as “the ability of a
system, community or society exposed to flood hazards to resist, absorb,
accommodate, adapt to, transform, and recover from such events in a timely,
efficient manner, including through the preservation and restoration of
its essential basic structures and functions through risk management.”'*

The resilience in place approach holds particular significance for the
Indigenous communities since they are deeply connected with their lands
physically, emotionally, and spiritually. This strategy reflects deeper questions
of cultural survival, identity, and justice. As Indigenous peoples grapple
with the choice between leaving their homelands or finding ways to coexist
with the changing environment, the stakes go far beyond physical safety.
They touch on the preservation of traditions, the continuity of community
life, and the resilience of people whose connection to their land is integral
to their existence. Understanding the gravity of these choices requires us
to look beyond the immediate impacts of flooding to the broader, often
invisible, losses.
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1.5 Summary

Flooding has long posed significant challenges, but with climate
change intensifying the frequency and severity of these events, the stakes
are higher than ever. Traditional mitigation approaches—such as dikes,
levees, floodwalls, permanent static elevation, mounding, floodproofing
and relocation—offer temporary protection but come with their own
risks, often leading to unintended consequences and a false sense of
security. As floods become more frequent and unpredictable, the need for
resilient solutions becomes increasingly urgent. This chapter explored
how communities can cope with the threat of flooding, moving beyond
rigid defences to more adaptive strategies such as amphibious architecture.
Each approach reflects a fundamental question at the heart of flood
mitigation—do we retreat the communities, start building in another area,
or do we raise them? Do we adapt to stay where we are, or do we move?

For Indigenous communities specifically, these questions carry unique
weight. As its residents’ grapple with the choice between leaving their
homelands or finding ways to coexist with the changing environment, the
stakes go far beyond physical safety. Thus, the choice between relocation
and resilience in place is one that carries profound implications—shaping
not only the future of the land but the continuation of community life.
Amphibious architecture offers a way to live with water, rather than
constantly battling against it in fear. It represents a forward-thinking
approach that embraces the presence of floodwater, allowing structures to
adapt to rising levels rather than resist them. As the climate continues to
shift, these strategies provide a crucial framework for navigating the new
realities of living with water.
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CHAPTER 2

this used to be our home

In 2021, British Columbia in Canada witnessed a “one in 100-year event
that prompted evacuations and a local state of emergency”' called the
Atmospheric River Events (AREs). It flooded multiple of reserves, swallowed
homes, washed away roads and bridges, and displaced thousands of people
from their homes. The 2021 AREs were a series of events that have unfolded
across Canada over the years. For years flooding and its consequences have
torn multiple such communities away from their homelands, uprooted age-
old traditions and cultural heritage leaving community members displaced
from their homes. Disasters occur when these hazards impact societies
and livelihoods. In 2022 alone, the Emergency Event Database EM-DAT
recorded 387 natural hazards worldwide, leading to a loss of 30,704 lives
and overall affecting 185 million individuals globally.? The Centre for
Research on the Epidemiology of Disasters (CRED) defines a disaster as “a
situation or event which overwhelms local capacity, necessitating a request
to national or international level for external assistance; an unforeseen
and often sudden event that causes great damage, destruction and human
suffering.” Similarly, Parker (2000) describes a disaster as an event that
brings widespread disruption and loss to the community as a whole.* While
disasters affect different communities in different ways, historically a trend
of more severe effects has been observed on marginalized communities such

(U]
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CHAPTER 2

as the Indigenous communities of Canada. A 2013 report of the Auditor
General of Canada assessed that emergencies related to flooding occur
more often in First Nations communities than the rest of the country.’
These communities are often left to fend for themselves, with people losing
their homes and possessions—even those that were multi-generational.

Throughout Canada’s colonial history, Indigenous communities were forced
onto remote, flood-prone land, increasing their exposure to environmental
and social vulnerability. As a result, nearly every year multiple floods and
their associated impacts fracture many such communities, disrupting their
traditional way of life. Twenty-two percent of the residential properties on
the reserves are at risk of a 100-year flood event.® As per reports, Indigenous
people across the entire country are affected by flooding either directly or
indirectly.” A University of Waterloo study revealed that 80.7 percent of
the 985 Indigenous reserves in Canada have some level of flood exposure
in terms of either population or properties (Figure 2.1 and 2.2).8

Scholars have identified multiple factors that contribute to why the
Indigenous communities are more at risk from climate change. These include
being historically, ancestrally and spiritually tied to their traditional territories
which makes them “less mobile to avoid environmental threats.”” Furthermore,
many of these communities are small and remote with insufficient access
to resources making them even more vulnerable to the social, economic,
psychological and spiritual consequences of flooding.'’ According to Ballard
(2012), First Nations housing, land, and resource assets are economically
limited, reducing their capacity for rebuilding.!" Indigenous populations
depend on the land and its resources for sustenance through hunting and
fishing,'> which can be hampered when this connection to the land and the
water is interrupted. Additionally, many of these communities have been
shifted to poor swampy lands by the government during colonization."
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CHAPTER 2

The flood-related challenges faced by Indigenous peoples highlight the
“broader injustice of climate change,” where those who have contributed
the least to it are disproportionately impacted the most.'* These findings
are compatible with the Federal Cabinet report of 2016 which “warned
that Indigenous reserve communities are disproportionately suffering from
the impacts of climate change.”'” As a result, Indigenous people across
multiple Canadian reserves are experiencing intensified climate-related
disruptions on their homelands.'® This disproportionate impact extends
beyond Canada, as Indigenous communities worldwide face climate change-
induced displacement at rates seven times higher than the global average.!”
The Intergovernmental Panel on Climate Change (IPCC) estimates that
by 2050, there will be 20 million people displaced due to climate change
worldwide.'®

This global urgency underscores the critical situation Indigenous
communities in Canada already face. As climate change progresses, the
risk of flooding in First Nations communities continues to rise—not just in
frequency, but in scale and duration.' Indigenous peoples, who have long
held close ties to the land, water, and natural resources that sustain their
lives and culture, are among the first to experience these severe impacts
directly?® (Figure 2.4). This unique relationship makes them particularly
sensitive to climate impacts like flooding, which reach beyond physical
destruction to threaten their way of life. Recognizing these urgent threats,
many communities and organizations have begun to declare climate change
a state of emergency. For example, the Vuntut Gwitchin First Nation in
Yukon formally issued a state of emergency in May 2019, stating that
“their traditional way of life was under threat from the rapidly changing
landscape.”! The Chief at the time, Tizya-Tramm had expressed concern
about the rapid changes impacting their territory, emphasizing that it will
not be long before their grandchildren are living in a “completely different
environment.””* Hence, when floods sweep through Indigenous communities,
they do not just wash away homes—they take with them generations of
memories, traditions, and ties to the land.
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2.1 Flooding in First Nations

Imagine living in harmony with the land and the environment for years,
only one day to have your homelands vanish beneath rising floodwaters. This
1s not a dystopian future but a harsh reality for many Indigenous communities
across Canada. Flooding threatens the Indigenous peoples’ ways of life,
resilience and cultural traditions, thereby fracturing communities as a whole.
Between 2006 and 2016, approximately 67 Indigenous communities across
the country were recorded to experience some form of flooding, where
over 25 percent of these communities experienced number of floods with
10 percent experiencing three or more floods.” According to the statistics
from the Government of Canada, there have been 1800 natural hazard
emergencies affecting First Nations on reserves across Canada between
2009 and 2022 (Figure 2.3),** where the country witnessed an average of
39 floods per year impacting First Nations reserves between 2009 and 2014
alone. However, since 2018 this number has increased by 92 percent to an
average of 75 floods per year.® These floods are not isolated events—they
are a recurring nightmare.

Number of emergencies
and evacuations
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100 . Evacuations
Total: 584
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Figure 2.3: The number of emergencies and evacuations in First Nations communities
between 2009 and 2022 (Source: Office of Auditor General of Canada).
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In 2011, the Lake St. Martin First Nation in Manitoba faced one of the
most devastating floods in recent history. The entire community of 2,000
people was displaced from their lands, their homes lost to the floods.?® This
tragic event exemplifies a broader crisis impacting Indigenous communities
across Canada.

In British Columbia, the 2021 AREs wreaked havoc on several
communities, such as the Nooaitch First Nation, where a critical bridge
collapsed and floodwater engulfed essential roads, leaving the community
“completely cut off from the rest of the country”?” (Figure 2.5). Similarly,
Cook’s Ferry Indian Band along the Nicola River witnessed a chunk of the
highway swept away, leaving residents devastated and anxious about their
future.”® Roads and bridges connecting the Shackan First Nation to the rest
of the province were also destroyed in the 2021 AREs and local officials

claimed that many of its residents will “never be able to return home.”*

The 2021 AREs brought widespread devastation to British Columbia,
impacting seventy-one First Nations communities, with nine experiencing
severe damage.’® Among them, the Cowichan Tribes, situated on southeast
Vancouver Island, experienced extensive flood damage, with hundreds of
homes affected and around 120 people evacuated from the reserve.’! In the
interior of BC, Coldwater Indian Band near Merritt grappled with relentless
flooding. Houses were impacted by groundwater flooding and overflowing
septic systems, which also contaminated the well water.’> Access to the
reserve was limited for almost a month,* compounding the community’s
isolation. Meanwhile, 11 homes in Musqueam Indian Band situated near
the mouth of Fraser River were also damaged with one family relocated
to a hotel for over a month.** Members of the Penelakut Tribe located on
Penelakut Island were affected by an 8-inch flood depth for approximately a
week, with members reporting “trauma within the community”.> In Fraser
Valley, Chawathil First Nation suffered from overland flooding of about
1.6 feet [S00mm] in depth—roughly knee height—flooding 13 homes and
creating blockages on the road that disrupted travel.*
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Figure 2.5: A bridge collapses into the Nicola River near Nooaitch Indian Band
territory, 2021. (Photo by Lenora Starr, APTN News, 2021).

The ongoing threat of rising waters looms large, with communities like
the Kwantlen Nation facing an alarming reality: McMillan Island, their
cherished home, is expected be completely underwater by 2100.°” These
examples highlight not just the immediate destruction caused by flooding,
but how climate change does more than just destroy land and property; it
erodes cultural identity, community cohesion, and the deep connections
Indigenous peoples have with their lands.

For communities like the Kashechewan First Nation in northern Ontario,
the impact of flooding goes beyond occasional evacuations. Each spring,
families are forced to leave their homes due to flooding—a cycle of
displacement that has repeated for over twenty-two years.****% This relentless
pattern disrupts family life and frays community ties, as each evacuation
uproots residents from their everyday lives and traditions.

41



CHAPTER 2

Similarly, the James Cree and Inuit of Quebec have faced forced relo-
cations their reserves due to flooding caused by hydro development proj-
ects.*! In Manitoba, the 2011 floods displaced over 7,100 residents** from
Indigenous communities, including, Little Saskatchewan, Ebb and Flow,
Dauphin River and Pinaymootang First Nations.*’ For Peguis First Nation
residents, evacuations have become tragically routine; for instance, in May
2022, 2,100 community members were evacuated, with over 800 still unable
to return five months later.** A resolution by the Southern Chief’s Orga-
nization in 2012 recorded that nearly 2,427 evacuees from eight affected
communities in Manitoba remained displaced, “unable to return to their

respective community” even a year after the 2011 flood.**

The toll extends beyond the immediate loss of homes. In some commu-
nities, such as the Cheslatta Carrier Nation in BC, the sacred burial sites
of their ancestors have been submerged due to hydroelectric dam opera-
tions.* These dams, often constructed without proper consultation with
Indigenous communities, disrupt traditional land use, sever cultural ties,
and lead to long-term environmental damage, further marginalizing the
First Nation communities. The manipulation of natural waterways has also
affected communities like the South Indian Lake First Nation and Nelsen
House First Nation in Manitoba, where fishing, a vital source of food and
livelihood, has been severely impacted.*” Once able to sustain themselves
through land and water, they now struggle to survive. Indigenous com-
munities have relied on their lands as a primary food source for thousands
of years. Flooding and its impacts fracture this relationship to the land.
These floods do more than displace, they unsettle the very foundation of
Indigenous community and culture. To be displaced from this land is to
be torn away from their very source of cultural survival. Thus, floods have
led not only to their homelands slipping away but also to their traditions
hanging in the balance.



THIS USED TO BE OUR HOME

2.2 How displacement affects First Nations?

Traditional territories have sustained Indigenous communities for
generations, many since “time immemorial.” But now they are under
threat from the increase in rising water, which jeopardizes not only their
homes but also their cultural heritage, pushing them away from their
lands. This climate induced displacement replicates the colonial practices
of forcible removing the Indigenous people from their land, resources
and way of life.*® For example, when a Native tribe of Louisiana in the
US—Isle de Jean Charles Band of Biloxi-Chitimacha-Choctaw Indians—
were relocated due to impacts of climate change, one of its residents
vocalized how that land “was the only place that [he had] ever known as
home...and where all his life experiences were.”* This forced separation
from their homelands disrupts the deep-rooted connections Indigenous
communities have with their environment, further compounding the
emotional and cultural losses that accompany physical displacement.

The Isle de Jean Charles Band of the Biloxi-Chitimacha-Choctaw tribe in
Louisiana has faced a long history of environmental and social challenges.
For generations, this land has been their home, providing not just a place
to live but a foundation for cultural practices, community rituals, and
traditional livelithoods. However, due to rising sea levels, coastal erosion,
and extreme weather driven by climate change, their island has lost nearly
98% of'its landmass since the 1950s.%° The community’s forced relocation,
funded in part by federal grants, represents one of the first climate-induced
displacements of an entire Indigenous community within the United States.
Yet, even with governmental support, relocation has not fully addressed
the profound cultural loss that losing land comes with losing a piece of
history, culture and self.

According to Pearce (2017), displacement results in social isolation,
lack of access to traditional food, multiple relocations, inconsistent access
to education and poor psychological health outcomes.>' Moreover, the eco-
nomic toll that flooding and its impacts take on communities is manifold,
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with billions of dollars spent on recovery and rebuilding. Minorities and
vulnerable communities often lack resources to implement such measures
and bear the brunt of the impact. But it also raises the question that while
one can rebuild the physical constraints of what constitutes a home, can
one really rebuild and recover a sense of belonging.

2.2.1 Idea of Home

As someone who has lived in multiple cities, I have always wondered
what is a home and why is it so central to our being. My first home was in
the city of New Delhi. It was the house by the swings in the big park—or
so it seemed to me as a child. I moved out of that house when I moved to
Canada at the age of 18. Ever since that move I have always felt a little
“homeless.” But why? Why is the idea of home so intrinsic to who we are?
Each city that I have lived in since has provided different experiences. But
somehow when I think of home, I still think of the house in New Delhi by
the swings in the big park. Those swings are not there anymore, neither does
that house belong to my family. But when I think of it, even today, I think
of memories, nostalgia, familiarity and history. This ache I feel—perhaps
it is a form of solastalgia, a longing not only for physical space but for the
comfort, memory, and stability it once offered. Hence, I have decided that
beyond the tangible measures of what constitutes a home—a shelter—it
also holds intangible treasures such as memories, nostalgia, history and
traditions. It echoes with personal narratives. So, what happens when one
loses a home? Especially, one that holds generations worth of memories.

Indigenous homes are often passed down from one generation to another
and are imbued with stories of ancestors, struggles and the rituals that
defines the community’s sense of place. While my personal idea of home is
wrapped in childhood memories and familiar spaces, for many Indigenous
families, the concept of a home extends far beyond the walls of a single
house. Home, for them, is inseparable from the land itself. It is where their
traditions are passed down, where rituals connect the past, present and
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future, and where ancestors still linger in the stories, the rivers, and the

landscape. When these homes are lost, it is not just the physical structures
that are damaged and belongings that are washed away, but a deep-rooted
connection to the land that holds generations of culture and identity is lost

as well.

Flooding of homes strikes at the very core of being. It can affect people’s
wellbeing and relationships and, in many cases, if not all, the loss of a
home translates into the loss of identity. That is why, as Pearce (2017)
notes, family photographs hold great significance for many individuals,
and when asked about their most impactful losses post-disaster, they often
mention “the loss of family photographs”?—a reflection of how these
images preserve memories, connections, and a sense of self. Additionally,
many Indigenous homes contain generations worth of cultural artifacts and
traditional items that can get damaged during a flood. First Nations homes
can “resemble museums,” often housing sacred objects and traditional
artwork handed down from ancestors.>* Moreover, the aftermath of flooding
often involves the displacement of communities, forcing them to confront
the challenges of relocation and the potential loss of their historical ties to
the land. What might seem like material loss 1s, in fact, a profound spiritual

and emotional displacement.

Thistle (2017) defines Indigenous homelessness as a human condition
that describes the First Nations, Métis and Inuit individuals, families or
communities as “lacking stable, permanent, appropriate housing, or the
immediate prospect, means or ability to acquire such housing.”* Unlike the
commercialized western definition of homelessness, Indigenous homelessness
is looked at from the lens of Indigenous worldviews. This includes when
communities are isolated from their relationships to the land and water.>
The impact of such loss is not easily quantified and the act of rebuilding
is more about reclaiming a sense of place and belonging, something that
cannot easily restored when ancestral lands and homes are submerged.
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2.2.2 Relationship with Land and Water

In the summer of 2024, 1 had the unique opportunity to assist Dr.
Andrew Judge (Mkomose) as a Graduate Teaching Assistant for a course
on Indigenous Land Practices at the University of Waterloo. Going into
this experience, | expected it to be like any other teaching role that focused
on sharing knowledge and learning. However, what I gained was far more
profound: a deeper understanding and insight into the sacred relationship
between Indigenous peoples and their land and water. Before this course,
my relationship with land had always been through the lens of an architect,
where land was a site for construction or a backdrop for design. As a student
of architecture, I am frequently on site, but never had I looked at the land
as an entity of its own. But that summer, I learned to see land as more than
just a passive entity waiting to be manipulated by human hands. It was
more than that, it was about the stories, spirits and connections.

While I have participated in many “cultural traditions” throughout my
life, there have only been a handful number of times that have made me feel
the way offering tobacco to the land on that day did—asking permission
and giving thanks to the land on which we stood (Figure 2.7). By offering
flowers to the sacred fire, we gave respect to those who came before us. I
remember standing there, holding the tobacco, unsure of what to expect
(Figure 2.5). Dr. Judge had said words that have stayed with me since, “our
land and villages are the places where our hearts gather.”””® When I released
the tobacco onto the soil, I felt like I was a part of something bigger and
ancient. It was the first time I looked at the land not as an architect but as
a someone still learning. Since starting this thesis, I have grappled with
the question of agency and how I can talk about a land that [ am not from.
However, on that day as I sat across the fire during ceremony and watched
the smoke spiral, I felt a deeper understanding of this relationship [as much
I as an outsider can]. I realized that it is not about ownership, it is about
respect. The land is not just a resource or a commodity, it is where stories
live and where history is made. The land holds the memories of those who
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came before us, and it asks for respect in return. This land, even though
it is not my own, reminded me that the relationship between people and
place is not something that can be measured, it is felt and honoured. These
experiences helped bridge the understanding of the spiritual significance
of'land and water as an integral part of Indigenous identity. It is where the
people’s hearts gather, and hence, it needs to be treated with the utmost
respect and care.

Figure 2.6: The ceremony (Photo by author).
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Figure 2.7: Offering tobacco to the land and giving thanks (Photo by author).
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Certain First Nations believe that their history starts when the great
Creator came on Earth walking and talking to the people. One day, the
Creator told those he favoured of “a great deluge coming upon Earth” and
instructed each family on how to prepare for the incoming floodwater.”’
Like predicted, the great deluge came and everyone but those the great
Creator favoured, drowned. As the floodwaters receded, the survivors
emerged from their safe spaces, stepping into what would be known as the
“places of descent.””® Consequently, these sacred grounds came to be of
great significance for the people. According to Squamish oral stories, this is
how the First Nations communities came to be. This led to the birth of this
sacred relationship of the Indigenous peoples with their lands and water.
Both land and water are seen to be sacred gifts from the Creator because
the peoples’ survival depend on them. According to the history through
stories told by ancient myths, water is the first thing that the Creator made,
“a gift” and also a feature of many creation stories of these communities,
a reference for how the world came to be. It is seen as a sacred life force,
where the water flowing through the land is often seen as the “blood
flowing in your veins.”* While this Squamish Creation story is one account,
there are many other stories across diverse First Nations that speak to the
sacred relationship among land, water, and people, each emphasizing the
deep connection between the natural world and the survival, identity, and
spirituality of Indigenous communities.

According to these stories passed down from one generation to other, the
people do not simply belong to the land, the water and the living beings, they
“are those places and beings.”® The land is where they are said to emerge
as people and develop their political systems and cosmologies, which in
turn helped shape these distinct identities.®' Land is the “root of all creation,
the heart of the universe” and the essence of their being.®? As I reflect on
these stories, I realize that land and water are not just physical entities in
Indigenous worldviews, they are the very source of life. I have also come
to understand that this connection is not just symbolic—it is fundamental.
Hence, when communities lose their homes due to floods and are separated
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from their land by evacuation, they lose far more than just property, they
lose their sense of identity and connection to the ancestors. This strikes
me deeply because [ understand now the weight of what it means to design
for or rebuild these spaces. The very act of design must respect this sacred
bond. This understanding is at the core of my thesis, which examines how
architecture can preserve these ties, especially in flood-prone areas.

While the colonial settlers saw the land as something to be “used,
exploited, owned and occupied,” Indigenous people everywhere share a
sacred connection with the land and the water.*® Wolfe (2006) considers
colonialism an ongoing process in Canada rather than a historical event.*
Land was seen as means to property, real-estate, capital or natural resources
in settler mentality, but to the Indigenous, it was “everything.”® It was the
source of their identity, the connection to their ancestors, their home, as
well as the library.®® Indigenous views saw the land as a “gift” and not a
“commodity.” Throughout the country’s colonial history, many communities
were forcibly relocated from their vast homelands to tiny reserves, “often
swampy and non-desirable.”®” Although Indigenous peoples’ connection
to the land has changed over time, this spiritual connection remained the
same. Whether it was their native lands, or the new land that was forced
upon them, land in common meant strength and it gave them “something
to fight for.”®

The land is not only a source of identity for Indigenous peoples but also
a primary means of survival. Many Indigenous communities rely on their
traditional territories as their primary food source. Thistle (2017) describes
the basis of the traditional land uses of Indigenous people on the reciprocity
of the relations to the animals, land and water.®® Disruption to this reciprocity
to the land forced Indigenous peoples to adapt their hunting, fishing and
food gathering practices, resulting in new harvesting patterns.”® Cultural
ceremonies and traditions that are so closely connected to the land are also
affected.”’ The land is not merely a resource but a living entity with its
own spirit—a sacred space intricately woven into their identity, traditions
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and way of being. The land is viewed as a provider, offering sustenance,
shelter and resources. The people recognize that they are custodians of
their land, entrusted with responsibility for preserving its integrity.

In addition to the community Elders and Knowledge Keepers, the land
too tells the stories and history of the communities.” Cajete (2000) defines
the Indigenous worldview through a perspective of understanding this
intertwined relationship and interconnectedness between the people and
nature.” According to scholars, Indigenous knowledge systems are established
from ancient and ongoing relationship with the land.” Understanding
this relationship has also highlighted the profound impact that the loss of
land can have on Indigenous peoples. As a consequence of a flood, these
communities become more socio-economically and environmentally
vulnerable and “disconnected from the land” that they rely on for their
survival.” For me, this understanding has underscored the need to rethink
architectural practices, particularly in how we approach flood mitigation.
How can we design in a way that respects the land as more than just a
foundation for buildings? How can we ensure that architecture aligns with
Indigenous values and the spiritual importance of place?

2.2.3 Trauma

Displacement is also a profound source of trauma for Indigenous
communities. Many residents never return home after such events, their
ties to their ancestral lands permanently disrupted. Situations like these take
a toll on its members who are faced with decisions of abandoning the home
that their families have inhabited for generations. Rebuilding is a difficult
task that not only deals with physical reconstruction but also the intricate
process of restoring a sense of belonging. O’Sullivan and Handal (1988)
note that both land destruction and displacement are associated with severe
psychological distress and a cultural identity crisis.”® For many Indigenous
people, this loss is comparable to “a death in the immediate family.””
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The emotional toll of living through a flood extends far beyond property
damage and the loss of personal belongings. The psychological impact
can be profound, leading to mental health disorders such as post-traumatic
stress disorder (PTSD) and anxiety.” The American Psychiatric Association
describes PTSD as a “severe and complex disorder precipitated by exposure to
psychologically distressing events,” where memories of the trauma persist and
continue to cause distress.” Many First Nations people, having faced previous
experiences of displacement, develop PTSD, which triggers flashbacks,
feelings of anger, helplessness, and deep sadness.® The psychological effects
of flooding, for these communities, aggravate the trauma of historical and
ongoing displacement they have faced.

Glenn and Myre (2022) describe the mental health impacts of flooding
as both short-term and chronic,?' with displacement and its consequences
leading to issues such as stress, depression, family break-ups, increased
family violence, drug use, alcoholism, youth involvement in gangs, and
even suicide.® It is also reported that the majority of post-flood morbidity
is related to the psychosocial stress from not just the flood event but also
from the subsequent loss, disruption and lack of security that followed it.®
In addition to the psychosocial well-being, the trauma that follows flooding
has negative impacts on the physical well-being as well. Studies show that
displacement is linked with a variety of chronic health conditions such as
heart disease, hypertension and diabetes, as well as premature death in some
cases.? After experiencing flooding, residents have to face uncertainty and
chaos, which include lack of security, both emotionally and economically.
The overwhelming uncertainty of post-flood reality makes recovery even
more difficult.

Glenn and Myre (2022) also write that a lack of funding to rebuild further
adds to the prolonged negative psychosocial impacts.®> Communities and
their displaced residents cannot just go back to the way of life they knew
before, they have to get used to the “new normal.”®® This sometimes could
mean increase in domestic conflicts, intimate partner violence, economic
stress, substance abuse and child behavioral and school performance were
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challenges.®” Residents having to relocate to hotels, sometimes for
months on an end or even years, is a common practice in such flood-
prone Indigenous communities. This further leads to social isolation and
lack of access to education and traditional food, which further adds to
the trauma of coping.®® The example of Little Saskatchewan First Nation,
where members were given 24-hours to evacuate before the 2011 “super-
floods,” is a stark reminder of the long-term impact. The displaced
residents claimed that their traditional lifestyle was disturbed and ““it was
lonely” being away from home.” There were many members who were
displaced for years, hopping from one hotel to another, finally being able
to return home after eight long years.”' The documentary Flood Children:
Eight Years Displaced from Little Saskatchewan First Nation showcases
how people who were kids when they were displaced were now returning
back years later “with babies of their own.”? Mushkegowuk Council
Grand Chief Jonathan Solomon describes this pattern of shifting from
hotels during evacuations as a “total displacement” where people have
to “live in a cell block room.”* Additionally, many times pets were
not allowed in hotels and temporary housing, thus they had to be taken
away to the humane society for adoption out of necessity which created
further stress among family members.” Relocations not only fracture
communities by displacing people from their homes but also “[uproot]
their memories.””® Hence, displacing Indigenous people from their native
lands directly impacts their cultural survival. It is clear that displacement
from traditional territories does more than remove people from their
homes—it severs the sacred connection among people, land, water and
their means of survival.

2.2.4 Loss of Heritage and Culture

As floodwaters encroach upon ancestral territories, they bring about not
only physical devastation but also profound cultural and spiritual upheaval.
It harms both the tangible and intangible bond between the people and their
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environment. Homes and livelihoods are not the only casualties—
areas of deep cultural significance such as burial sites and ceremonial
grounds—are submerged as well. Glenn and Myre (2022) note that the
destruction of community gathering places, like the community centres
where weddings and other family events took place, devastated the
members because “there was no place to physically come together after
the flood.””® For example, the sacred territory of burial sites in Cheslatta
Carrier Nation in BC were submerged due to flooding.”” The Williams
Lake First Nation in BC witnessed heritage sites that date back 4,000
years being swept away as the Chilcotin River flooded in 2024, further
damaging the salmon migration routes.”® The community expressed
being “deeply saddened by the potential loss of irreplaceable Secwépemc!
history.”” Similarly, the Church of Sacred Heart in Chawathil First Nation
in BC also flooded during the 2021 AREs (Figure 2.8). Built in 1926 by
community members themselves, the church is seen as a “labour of love”
that “[their] grandfathers had built.”'® Seen as a symbol of heritage, the
floods of 2021 caused the floodwater to ascend as high as the bottom
of the windows (Figure 2.9). Thus, the church now stands uninhabitable
due to the damages caused by the floods. These kinds of losses resonate
deeply, as they represent not just physical structures but the embodiment
of cultural continuity, memories and heritage.

In addition to causing structural damage, natural resources, which are
also integral to cultural practices, are often impacted during such events. In
BC, many First Nations communities depend on wild salmon, not just for
sustenance but as a central element of their cultural identity and traditions.
The flooding disrupted salmon runs, creating consequences that touched
both the spiritual and physical well-being of the people.'”' Similarly, the
traditional lands of First Nations in Manitoba were once home to abundant

bison that are now dispersed due to the changing landscape.'??

1 Secwépemc refers to the First Nations people residing in the interior of British
Columbia.
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Figure 2.8: Church of Sacred Heart, Chawathil First Nation (Photo by author).
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Figure 2.9: Church of Sacred Heart, Chawathil First Nation (Source: Google Maps).

The loss of heritage also extends to cultural artifacts and traditional
belongings. There has been a loss of valuable cultural artifacts such as
masks, carvings, blankets. For example, a number of traditional weavers
from the Penelakut Tribe in BC lost wool used to make button blankets—
an essential part of their ceremonial regalia—for the community’s famous
Cowichan sweaters, a renowned traditional garment of the Coast Salish
peoples.!® Similarly, members of Peguis First Nation recounted how their
ceremonial regalia and items used in rituals floated away during the floods
of 2021 when their homes were flooded.!*™* While there is an urgent need
for preserving these historic traditions, both tangible and intangible, as
well as intergenerational knowledge, it is harder to estimate the loss of
heritage and culture that comes with displacement. While we can count for
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comes with displacement. While we can account for the physical attributes
lost, can one quantify the memories lost, the loss of language, land, culture
and identity? Though intangible, these elements represent the essence of
the community’s heritage, and displacement fundamentally fractures this
sacred connection.

2.3 Case Studies
2.3.1 Lake St. Martin First Nation

In 2011, the Canadian province of Manitoba experienced unprecedented
flooding. To protect provincial urban areas, cottages, and agricultural
properties, government officials diverted the floodwater towards Lake St.
Martin First Nation.'” The floodwater was redirected into Lake Manitoba
to protect properties on provincial lands that were considered “high
property value,” while the Indigenous reserve of Lake St. Martin First
was categorized as federal Crown land “without value.” This artificial
flood devastated the community, destroying homes and infrastructure
permanently.'® The aftermath of this event reveals the deep-seated issues
of marginalization, colonialism, and inadequate support systems faced
by Indigenous communities in Canada, so much so that many members
expressed feeling like refugees in their own homelands—Iands that these
Anishinaabe people had inhabited for over 140 years.!?’

The flood’s immediate impact on the Lake St. Martin First Nation
community was profound. All members were evacuated, and many resided
in temporary accommodations such as hotels in Winnipeg. This displacement
disrupted their lives significantly. As Ballard (2016) notes, the government’s
decision to implement a structural flood risk reduction approach without
consulting the affected Indigenous communities is perceived as a form of
sabotage. This approach, which involved building engineered structures like

dikes, failed to consider the voices and needs of the Indigenous peoples.'*®
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The chaos following the evacuation was compounded by a lack of
necessary services and infrastructure. Evacuees faced inadequate housing,
lack of counseling services, and insufficient access to traditional foods.'®”
Some families were relocated up to 12 times, moving from one hotel to
another, which was deeply destabilizing.!'° The stress and uncertainty
of these conditions led to significant mental health issues, including
anxiety, depression, PTSD, and suicides.'"! The long-term impacts of the
displacement have been equally severe. As Thompson and Ballard (2013)
document, the community has struggled to develop a sustainable living
model post-flood.!'> The forced relocation has disrupted social support
networks, leading to a cultural identity crisis and increased dependency
on government support.'® This dependency, coupled with experiences of
overt racism and negative portrayals in the media, has further marginalized
the community."'* Then-Chief Adrian Sinclair highlighted how community
members were derogatorily called “freeloaders,” and elders faced physical
and verbal assaults, intensifying the community’s trauma and sense of
victimization.'"

Lake St. Martin First Nation was environmentally and developmentally
displaced during the floods of 2011, its lands submerged underwater and
the province deeming it uninhabitable. Indigenous communities have a
deep spiritual connection to their land, which is integral to their identity
and way of life. As of 2020—mnine years after the evacuations—there
are still members of the community who have not been able to find their
way back home.''® The government’s failure to recognize and honor this
connection in its flood management strategies has resulted in severe and
lasting consequences for the Lake St. Martin First Nation community. As
Ballard (2016) argues, the influence of colonial powers has magnified the
community’s vulnerability, often pushing them onto flood-prone lands,
hence highlighting the need for a shift towards more sustainable and
culturally sensitive approaches to disaster management and support for

Indigenous communities.'"”

93}
o0



THIS USED TO BE OUR HOME

In conclusion, the case of Lake St. Martin First Nation illustrates
the devastating impacts of environmental displacement on Indigenous
communities. The 2011 flood and the subsequent displacement have not
only caused significant physical and mental health issues but have also
disrupted the community’s cultural and social fabric. Members talk about
“how beautiful it was [there] growing up” but now “that will never happen
again, it’s gone”'"® (Figure 2.10). Through the video Flooding Hope by
Ballard, community members expressed that they “not only lost their
traditional way of life, but also their culture.”'"”

L

3, Diraiwtiheithrﬁp;yob did not like about living in Lake St. Martin

Figure 2.10: A child’s drawing showing their home submerged by the floods (Source:
Flooding Hope, Myrle Ballard and Shirley Thompson).

59



CHAPTER 2

2.3.2 Chawathil First Nation

In 2021, the Chawathil First Nation, a community of 360 members,
experienced significant trauma during the Atmospheric River Events
(ARESs) that caused extensive flooding in British Columbia. These floods
left the community completely isolated without internet, power, or any
connection to the outside world.'* Many families were separated and unable
to contact each other due to the lack of communication infrastructure. The
Canadian Armed Forces had to intervene to provide food and supplies.'?!
Then-Chief Rhoda Peters, a 70-year resident of the community, stated
how “she had never seen anything like this.”'?* This sentiment was echoed
by another community member who expressed how he “did not trust the
water anymore.”!?

The Chawathil community, whose name in the Halq’emeylem language
means “people of the river,”'** has had a long history of interaction with
their environment. Archaeological evidence indicates that the Sto:lo people
inhabited Chawathil as far back as 750 BCE.!* The community’s decision
to move to Chawathil’s present location in 1894 following the “great
flood” illustrates their historical resilience and adaptability.'*® As per Sto:lo
oral history, Governor Douglas promised the Chawathil site as a reserve
sometime in the 1850s.!?” Between the late nineteenth and early twentieth
centuries, about sixty people lived in Chawathil IR4.'* The Halq’emeylem
word for Chawathil territory literally translates to “where the land meets the
water” but has a more vivid meaning of “the land right here and it suited
us.”'?? Lyall (2020) discusses how Chawathil resident Patricia John talks
about “time and place” and how she [and other community members] are
connected to their ancestors, underlining this intimate relationship that
their people have with their land."*® Hence, in order to achieve a true
sense of reconciliation, it is necessary for settlers—xwelitem, translating
to “the hungry people” in Halq’emeylem—to understand that Indigenous
knowledge is “embedded in their homelands.”!*!
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The community’s responses to these floods also highlight the intersection
of Indigenous knowledge and contemporary adaptation strategies. John
emphasized the importance of understanding Indigenous knowledge in
its proper context, noting that it is deeply intertwined in their homelands.
This intimate connection to the land underscores the need for adaptive
strategies that respect and incorporate Indigenous perspectives. During
my visit to the Chawathil First Nation in March of 2024, I witnessed
first-hand the damage caused by the 2021 AREs. Many homes had been
significantly impacted by floodwater, forcing residents to seek temporary
housing in nearby towns and cities (Figure 2.11). Some houses bore a red
string tied, around a pole-like structure, at about three feet high, near the
exterior of the house, marking the flood levels from the 1948 flood [as a
point of reference]. This marker serves as a reminder of the community’s
ongoing vulnerability to such events, emphasizing the profound impact of
flooding on the Chawathil and the need for sustainable, culturally respectful
responses.

Figure 2.11: One of the houses affected by 2021 AREs in Chawathil. Although the flood
damage may not be immediately visible, the resident has since been displaced and continues
to live in temporary accommodation, unable to return home. (Photo by author).
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2.3.3 Peguis First Nation

Peguis First Nation, located approximately 122 miles [196 kilometres]
north of Winnipeg, has faced significant challenges due to its geographical
location in a flood-prone area in Manitoba. Their history is marked by
displacement and hardship. Originally, the community, led by Chief Peguis,
migrated from present-day Sault Ste. Marie, Ontario, to a Cree settlement
at Netley Creek, Manitoba and later to present-day East Selkirk—a fertile
farmland—in the late 1700s.'*> In 1871, the St. Peter’s Indian Reserve (as it
was then called) signed Treaty One with the belief that their claims to their
homeland would be protected. However, in a controversial and coerced land
surrender in 1907, they were relocated to the swampy and flood-prone area
along the Fisher River, an event described as “ethnic cleansing” by Sinclair
& Cariou (2011)."% Government agents and “land-hungry settlers”'** had
conspired to remove them from this fertile land through bribery, whiskey
and trickery as documented in Chief Peguis and his Descendants.'?

Many Peguis members were not made aware of the meeting for the land
surrender, as most men were away hunting, and notices were written only
in English rather than the native Cree and Ojibwe language.'*® Despite
protests from the community, the illegal surrender was executed, and the
residents were ordered to move to “northern swampy” lands of the Peguis
Reserve inadequate for farming, hunting and prone to flooding."*” This
relocation was led by Chief Peguis and the residents had to leave behind
their homes and fertile lands for an area that provided none of the essential
resources they once had. Unlike their previous lands, their new “home” had
no houses, neither schools nor churches.!*® Once it became known what
had happened to the community, depression settled on the now “homeless
people.”'® In their native language, the land of Peguis—the land they now
occupy—is referred to as “the land that nobody wants,”'* reflecting their
deep sense of loss and displacement that still permeates the community’s
relationship with their new territory, underscoring a justified sense of
betrayal rooted in a legacy of distrust.
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Former Chief Albert Thompson, a descendant of Chief Peguis, noted that
more funds have historically been allocated to post-disaster recovery than to
proactive measures to prevent flooding in Peguis.'*! This approach has left
the community vulnerable to repeated floods, as evidenced by subsequent
floods in 2006, 2009, 2011, 2014, 2022, 2023 and 2024. Present Chief
Stan Bird has also expressed similar concerns, stating that too much effort
is spent to recover from past Fisher River floods rather than preventing
damage from future events.'*?

The flood of 2011 was particularly devastating for Peguis First Nation.
By 2020—nine years later—there were 91 evacuees who were still unable
to return to their homes, living in temporary accommodations due to the

extent of the damage.'*

In response, Indigenous Services Canada (ISC)
implemented several measures, including the repair of 61 houses, purchasing
9 new homes, and raising 10 houses to higher heights. While these efforts
provided some relief, they fell short of addressing the long-term challenges

posed by repeated flooding in the community'** (Figure 2.12).

Many residents, despite the threat of recurring floods, remain attached to
their homeland and do not wish to leave. Some residents are still displaced
from the 2014 floods, as repaired homes continue to flood soon after the
residents return. The persistent floods and inadequate housing have broader
social and health impacts on the community. The housing shortage has
contributed to increased mental health crises, domestic abuse, and educational
disruptions.'* A resident described their “love-hate” relationship with the
river."* People used to depend on the river for fishing and hunting and
recall drinking and swimming in the water as children many years ago,
but now “no one drinks the water.”'*" It is also believed that signs from
nature are a more reliable source than forecasts regarding flooding. For
example, when the muskrats build nests adjacent to the river, it is seen
as a sign that it will not flood severely.'*® Animals such as rabbits, foxes
and squirrels move away from the rivers when floodwaters are about to
come.'¥ Following these indications is difficult when people are displaced
and forced to relocate to the city.
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In May 2022, another major flood led to the evacuation of 2,100 community
members, with more than 800 people still displaced five months later.!>
The cumulative effect of repeated flooding has exacerbated a housing
crisis in Peguis First Nation. Hundreds of homes have been condemned
due to mould and structural damage, while many others require significant
repairs or replacement.’”! The shortage of adequate housing has forced
some residents to live in substandard conditions. For instance, eight people
were housed in a condemned former school with a leaky roof and mould
issues. Alice Thomas, an elder community member, expressed her hardship
of repeatedly living in hotels during floods and the instability it caused.'*
She exclaimed that it was “chaos” having to move every time she “settled
in her room.”'*>* The experience of Peguis First Nation underscores the
urgent need for effective flood mitigation strategies and adequate housing
solutions. The history of the community and its struggle with displacement
serves as a powerful reminder that land is not just a place to live, but an
irreplaceable part of a community’s identity. The repeated cycles of flooding,
loss and insufficient recovery efforts reveal a deeper need to reimagine
how Indigenous communities can remain rooted in their homelands, and
how architecture can support that process.

Figure 2.12: Aerial view of flooding in Peguis First Nation on April 9th, 2024 (Source:
Snapshot by Douglas R. Thomas’ YouTube channel).
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2.4 Summary

The exploration of flooding’s impacts on Indigenous communities in
Canada reveals profound narratives of loss, resilience, and identity. he
stories from Lake St. Martin First Nation, Chawathil First Nation, and
Peguis First Nation paint a vivid picture of how environmental challenges
intersect with historical injustices, shaping the lived experiences of these
communities. Flooding is more than just an environmental challenge for
First Nations communities; it’s a profound disruption that echoes through
their identities, cultures, and histories. The impact of these natural hazards
1s intricately tied to the legacies of colonization, which have left deep scars
of displacement and trauma. As I reflect on the narratives that emerge from
these experiences, it becomes clear that land is not just a physical space
for Indigenous peoples—it is a sacred entity, woven into the very fabric
of their existence.

When floods strike, they disrupt not only the landscape but also the
community’s sense of belonging. The forced evacuations and displacement
experienced by these communities often sever vital connections to their
homes and traditional practices. This loss creates a ripple effect, compounding
feelings of vulnerability. Understanding these stories is essential, as they
highlight the urgency of addressing the systemic issues that exacerbate
these challenges.

To navigate the challenges posed by flooding in First Nations communities,
we must embrace transformative and innovative solutions that prioritize
the unique experiences and cultural identities of Indigenous peoples. As
we move forward, it is essential to rethink our strategies in a way that
not only addresses the physical impacts of flooding but also cultivates a
sense of belonging and agency among those affected. Such an approach
encourages collaboration and co-creation, ensuring that solutions are rooted
in the values and aspirations of the communities they serve.
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CHAPTER 3

when the house floats

Indigenous communities are not just the inhabitants of the land they live
in, they are its stewards, storytellers, and souls. Their lands and homes are
passed down from one generation to another and are imbued with stories
of their ancestors, struggles, and the rituals that define the community’s
sense of place. Flooding disrupts and disables this, severing this connection.
The forced displacement and relocation rupture this sacred connection
among the land, water, and people, which leads to a sense of loss, both
tangible and intangible. Employing resilience measures that allows such
communities to remain on their homelands, not only to protect their physical
being but also to preserve their cultural heritage and identity. Thus, this
thesis advocates for a resilience-in-place strategy without displacement
through the implementation of amphibious architecture, specifically for
the Indigenous communities. This is done by recognizing that it is an
opportunity for innovation and collaboration by reimagining our built
environment to co-exist with water to create more resilient communities
that are better equipped to recover from a flood event.
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3.1 Resilience in Place Strategy for First Nations

For Indigenous communities, the struggle to remain on their homelands
while facing increasing flood risks is not just a technical challenge—it is
an expression of resilience and cultural survival. As discussed previously
in Chapter 2, the consequences of displacement extend far beyond the
physical sphere, affecting both the cultural and psychological well-being of
Indigenous peoples. These narratives of resilience in place are intertwined
with the ongoing fight to preserve the cultural heritage, community identity,
and the sacred connection to the water and land. It is not simply about
relocating homes and rebuilding lives in a new location; it is much more
than that. The land is more than a geographical place—it is a living entity
that holds the stories, memories, and spirits of the ancestors. For many such
communities, the land is intricately linked to their practices, languages,
and spiritual beliefs, forming the bedrock of their identity. This connection
is not easily replaceable or transferrable. When these communities are
forced to leave their traditional territories permanently, they are not just
leaving behind their houses, but a significant part of their cultural identity
and themselves. Additionally, the residents on Indigenous reserves who
are facing damage to their homes because of floods usually do not have
anywhere else to go. For them, the stakes are high, and the conventional
approach of relocating communities to safer ground fails to address the
unique needs and cultural values of such communities. Remaining on their
land, if they wish, is not only a matter of survival but also an assertion of
their right to protect and nurture their heritage, culture and identity in the

face of environmental threats.

Thus, the resilience-in-place strategy emerges as a vital approach,
offering a way for communities to confront environmental challenges
while maintaining their deep-rooted connections to the land. This approach

allows for these communities to remain on their homeland, preserving their

3
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cultural heritage and ensuring that future generations can continue
to practice their traditions in these places where their ancestors once
walked.! Hence, amphibious architecture surfaces as a solution within the
resilience-in-place approach. This innovative strategy of flood mitigation
architecture does not seek to control or resist the floodwater [as do strategies
discussed in Chapter 1.3, pg. 22], but rather to embrace it and adapt to
it. Unlike customary flood mitigation strategies that rely on barriers and
levees to keep the water out—often with disastrous consequences when
they eventually fail—amphibious architecture acknowledges that flooding
will happen and offers a way to coexist with the floodwater (Figure 3.1).

Additionally, the principles of amphibious architecture align with the
Indigenous worldviews, which emphasize living in harmony with the
environment. For many First Nations, the land and water are not something
to be conquered but sacred elements of a balanced ecosystem. Traditional
teachings often speak of the importance of respecting the natural world, and

i The Royal Commission on Aboriginal People summarizes colonialism with one
word—displacement.! Due to colonization, many Indigenous communities were
forcibly relocated from their ancestral lands, disrupting their connection to place and
culture. Prime land occupied by Indigenous peoples was confiscated for settler use,
while Indigenous communities were relocated to “swampy and other non-desirable
land.” Forced relocation of Indigenous reserves occurred throughout Canada. For
example, the James Cree and Inuit of Quebec were forced to relocate their reserves
due to hydro development that caused flooding of their lands. Similarly, many Innu
communities in Labrador were forced to relocate in 1948, when Newfoundland joined
Canada.’

Others, however, remain on their homelands, where they continue to uphold their
traditions and cultural practices. For these communities, staying on their land represents
a powerful act of resilience and cultural continuity, allowing them to maintain a deep
connection to their environment and pass down their heritage to future generations.
The resilience-in-place strategy emerges as a fitting approach for both communities
who have stayed on their land and those forced to relocate, enabling them to confront
environmental challenges while preserving their connection to their cultural roots.
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understanding that people are but one part of a bigger, interconnected
web of life. Hence, the synergy between amphibious architecture and
Indigenous worldviews is a reaffirmation of resilience. For centuries,
Indigenous people have adapted to the changing environmental conditions
through sustainable practices that respect the power of nature. Similar
in many ways, amphibious architecture is a modern extension of these
ideas, offering a way to navigate the challenges of climate change without
displacement. By choosing to implement amphibious architecture,
First Nations can assert their right to determine how they will respond
to the threats posed by flooding in their own homelands, in a manner
that aligns with their cultural beliefs. Hence, amphibious architecture,
when implemented with respect for Indigenous knowledge and values,
can become a powerful tool for resilience, cultural survival, and self-
determination. Thus, the resilience-in-place strategy, in the form of
amphibious architecture, offers a transformative approach to addressing
the unique challenges faced by First Nations in flood-prone areas while
ensuring that their connection to the land remains unbroken.

3.2 What is Amphibious Architecture?

Amphibious architecture is an adaptive approach to building design
that challenges traditional flood mitigation methods. The concept allows
“otherwise-ordinary structures to float in place temporarily”” when flooding
occurs. It allows for architecture and urban planning to work with nature
and combat these issues while reducing the risk of displacement when the
floodwaters are not accompanied by high flow speeds. During a flood, the
house rises to the necessary height to stay safely above the water and then
returns to its original position as the water recedes.* Hence, it is a strategy
that lets the house float when it needs to and remain on the ground otherwise,
unlike floating houses that are always floating or traditional houses that
are always on the land. It is amphibious—suited for both land and water.
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Amphibious architecture relies on Archimedes’ principle, which states
that an object submerged in a fluid experiences a buoyant force equal to the
weight of the fluid it displaces. Consequently, the house floats because the
floodwater beneath it exerts an upward force. When the water level rises
during a flood event, the house displaces water equal to its own weight,
which in turn creates a buoyant force that lifts the house, allowing it to
float. This phenomenon is made possible by four components of the am-
phibious construction (Figure 3.2), which are:

1) buoyancy elements
2) vertical guidance posts
3) flexible utility connections

4) debris screen (occassionally necessary)

The components are described in detail in the following pages.
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@ @ utility line

@ Amphibious Foundations @ Vertical Guidance Posts @ Flexible Utility Connections @ Debris Screen

Figure 3.2: Amphibious architecture, on dry land and water respectively (Image by author).
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An amphibious foundation contains a system of buoyancy elements
underneath the building that provides the flotation. Its purpose is to displace
enough water to support the weight of the building.’ It is usually made of
buoyant lightweight and waterproof materials such as foam blocks, wood
logs, manufactured dock floats, airtight barrels or recycled plastic water
bottles (Figure 3.3).° For designing an effective buoyant foundation, dead
loads, live loads, load path for the uplift, safety measures, quantity of
buoyancy elements, and their distribution are important considerations.’

Prefabricated steel boxes,
Prototype in Thailand

-= \
KT \'|]|I-l"r ey

A i

Wood logs trimmed flat at top for
installation of wooden stringers

—

Steel barge, Warsaw Pavilion Concrete box, Maasbommel, Steel pontoons for a model of a
Netherlands floating home on Lake Huron

BUOYANCY ELEMENTS

Figure 3.3: Buoyancy Elements Materials Precedents (collage by author).
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The vertical guidance posts ensure that the building moves solely up
and down when it floats during a flood, and comes back to its original
location after the floodwaters recede. They are connected to the building
using sleeves that enable the building to slide up and down freely.® They can
be designed to the height required depending on the specific site and flood
predictions. Typically, the vertical guidance posts are evenly distributed
near the corners of the building. To design an effective vertical guidance
system, it is crucial to consider factors such as water velocity, wind load,
flood depth, flood duration.’ Additionally, a centering device can be utilized
to ensure that the building has returned to exactly the same position when
back on the ground'® (Figure 3.4).

3 NN

Exposed Vertical Guidance Posts, Vertical Rail System,
BFP retofit in Vietnam LIFT House, Bangladesh

Steel collar for horizontal restraint, Centering device,
Old River Landing BFP Retrofit in Vietnam
I 1
I 1
VERTICAL GUIDANCE POST

Figure 3.4: Vertical Guidance Post and Centering Device Precedents (collage by author).
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Another important aspect to be considered is the utility connections
while the house is floating. Utilities need to be designed keeping in mind
both of the conditions, when the house is on land and when it is floating.
This can be done by either manually disconnecting, providing flexible
piping or self-sealing “breakaway” connections that disconnect themselves
when the house rises and would have to be reconnected once the house
is back on the ground (Figure 3.5). These self-sealing connections can be
used for sewer and gas lines that disconnect when the house starts to rise,
whereas water and electricity lines are replaced with long, flexible, coiled
connections that can extend when the house rises."

A | (=

Manually Disconnect Breakaway Connections Flexible Connections

Figure 3.5: Utility Connections (Image by author).



WHEN THE HOUSE FLOATS

Additionally, under some circumstances, it is recommended for amphibious
construction to have a debris screen around the perimeter of the building
as a line of defense for any large pieces of branches, tree trunks or debris
that come with the flood during an event. A debris screen is made of porous
materials designed to filter out unwanted debris while allowing water to
flow freely (Figure 3.6). This prevents larger objects from accumulating
against the building, which could potentially cause damage or hinder the
structure’s ability to float effectively. However, the necessity of debris screens
depends on the specific characteristics of the house and the surrounding
area, as well as the local flood conditions

The debris screens—both lower (water) and upper (wind)—at the base of an amphibious home
in Old River Landing, Louisiana

DEBRIS SCREEN

Figure 3.6: Debris Screens (Source: The Buoyant Foundation Project).
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What are the advantages of amphibious architecture?

Amphibious architecture offers a promising solution to the challenges
faced by communities in flood-prone areas compared to customary flood
mitigation alternatives. One of the major advantages of this strategy is
its adaptability to rising water levels, as opposed to approaches such as
permanent static elevation. When houses are elevated on stilts permanently,
extreme floodwaters can exceed the raised height, leaving the structure
vulnerable. In contrast, amphibious construction offers a flexible solution,
adjusting to varying water levels by floating with the rising floodwaters."?
The vertical guidance posts can also be adjusted if need be through adding
extensions to the top of the posts when height adjustments are needed,
allowing for smooth adaptability. Additionally, amphibious architecture is
a less disruptive option for residents. According to current best practices,
residents would be required to evacuate' during a flood event for safety.
The design of amphibious homes ensures that when they return, their
houses and belongings have remained intact.”” This is in contrast to the
usual approaches, where floods often lead to intensive water damage,
destroying the residents’ personal belongings and requiring significant
time and resources for repairs. This means that in an amphibious home,
the residents can return home without the burden of extensive clean-up
or the emotional toll of losing their possessions and sentimental valuables.
This ability to maintain the integrity of their home not only reduces the
physical disruption, but also provides peace of mind, knowing that their

spaces and belongings are protected.

1 Evacuation is necessary as a precautionary measure, even in amphibious homes,
to ensure the safety of residents during extreme flood events. While amphibious
architecture is designed to protect the structure and its contents, unpredictable
environmental conditions—such as rapidly rising water, strong currents, or debris—
can still pose significant risks. Evacuating ensures that residents are out of harm’s way
until they can return.
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Amphibious architecture not only minimizes long-term displacement
and provides social benefits for the residents, but also offers significant
economic advantages. Unlike the costly process of permanently elevating
a house, which requires replacement of the entire foundation system,
amphibious architecture allows for retrofitting the existing foundation
with the amphibious components.'* Cost comparisons indicate that an
amphibious retrofit may range from 20% to 45% of the cost of permanent
static elevation renovations.'” Thus, this approach not only reduces expenses
but also enables a more efficient and less invasive solution to flood resilience,
helping communities protect their homes with minimal disruption possible.

What are the limitations of amphibious architecture?

While amphibious architecture offers innovative solutions for flood-prone
areas, it also comes with a few limitations that must be considered. The first
limitation is the type of flooding. Amphibious architecture is suitable for
overland flooding, which occurs when water rises slowly without exerting
significant force. This makes it ideal for areas prone to rising floodwaters
but not for situations where floods involve high-speed water currents.
This is because rapid water currents could compromise the stability of the
structure, and can potentially lead to structural damage or failure.

The second limitation is the type of foundation on which amphibious
architecture can be implemented effectively. It is unsuitable for slab-on-grade
foundations because these systems do not accommodate the integration of
essential buoyancy elements. For such homes, the building would need to
be lifted off the slab, provided it is structurally sufficient. Alternatively, a
new floor with buoyancy components would need to be constructed, making
the process more complex and expensive. On the other hand, amphibious
architecture is best suited for structures with unused crawlspaces, where there is
enough room to install the buoyancy elements. While amphibious construction
can be adapted for structures with basements, it is not preferred. This is
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because it renders the basement unusable, and compromises the functional
space within the building which may not be acceptable for homeowners
or residents who rely on the basement space for storage or additional
living space.

However, despite its limitations, amphibious architecture still remains
an appropriate and effective strategy due to its adaptability, minimal
disruption to the ecosystem, land, preservation of cultural heritage
and spiritual connection to the environment. It provides a culturally
empowering and innovative approach for First Nations housing in
flood-prone areas supporting the long-term safety and well-being of
the communities.

3.3 Case Studies

The concept of amphibious housing, while gaining attention in modern
flood resilience strategies recently, has historical roots that stretch back
centuries. Communities around the world have long adapted their homes
to survive in flood-prone areas. For instance, in Thailand, vernacular
amphibious construction techniques'® involved placing bundles of bamboo
under houses and tying the houses to the nearby trees to protect the
structure from the damage of incoming floods. Similarly, the residents of
Old River Landing in Louisiana have developed innovative amphibious
foundations over the past fifty years,'” demonstrating how vernacular
knowledge can inform contemporary solutions.

In 2006, Elizabeth English founded the Buoyant Foundation Project
(BFP) to support the recovery of New Orleans after the tragic aftermath
of Hurricane Katrina. It started as a project aimed to develop practical,
affordable, and sustainable amphibious retrofit solutions for the shotgun
houses in New Orleans to prevent further flood damage and the destruction
of neighbourhood character.'® Since then, BFP has evolved to address
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flood resilience in other vulnerable locations around the world as well.
It has expanded its focus beyond post-Katrina New Orleans, exploring
applications of amphibious architecture in various regions such as the
communities in the Mekong Delta in Vietnam.

Furthermore, amphibious architecture has been explored more recently
in different parts of the world such as New Orleans, Netherlands, the UK,
Bangladesh, Thailand, Vietnam, Poland, India, and now in Canada (Figure
3.7). Each of these regions offers unique challenges and opportunities
for implementing amphibious strategies, reflecting local environmental
conditions, cultural practices, and community needs.

To illustrate the adaptability and effectiveness of this strategy, the
following case studies highlight the diverse applications and successes
of amphibious housing in these regions. By examining these examples,
we can gain valuable insights into how amphibious architecture can play
a vital role in contemporary flood resilience efforts.

3.3.1 Old River Landing, Louisiana

This is a recreational community situated along one of the oxbow lakes
formed by the Mississippi River in Louisiana in the United States, sitting
outside of the protected side of Louisiana’s levee system, exposing it to
severe flooding. Due to frequent flooding, residents of the community have
employed innovative solutions to protect their homes from the floodwater
for over fifty years.'” Residents in this areas adopt amphibious architecture
as a practical solution for flood resilience. The absence of enforcements of
building codes allows them to design homes that can effectively adapt to
their environment, prioritizing safety and resilience without the constraints
of conventional regulations.?’ The homes are raised to an elevation of 3-4
feet [1-1.3m] above the ground level and have buoyant elements (such
as large blocks of EPS) underneath them as the amphibious foundation,
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attached using a steel frame, and long posts or pipes are put in the
ground near the corners of the house serving as the vertical guidance
system?' (Figure 3.8). These retrofits were conceptualized and
constructed by the homeowners in the community, some of whom
empirically determined the effectiveness of their designs by observing
what worked and what failed.?* Utility connections are also hooked up
with detachable connections that can be disconnected before the floods
arrive, and put back together once the floodwaters have receded.”
Most of these are seasonal homes in which the residents do not stay
during the flood; however, the homes are safe and sound when they
come back with minimal damage to their property and belongings.
This process of preparing the house to float by disconnecting it can
be accompalished in under a half hour in some cases, such as the Old
River Landing restaurant** depending on various factors. However, the
actual time required may vary based on the specific circumstances and
conditions at the time.

While the customary approach is raising the homes on stilts in the
community, some residents felt the cost and the changes to their lifestyle
were not worth it.* The Old River Landing’s mainstay bar and restaurant,
owned by Jacques LaCour, also floats when the floods come. This
approach has greatly benefited his business, as the building floats during
floods, preventing any water damage. As a result, no post-flood repairs
are necessary, allowing for immediate reoccupancy where LaCour can
reopen his business almost immediately after the waters recede.”® Hence,
these amphibious solutions in the community are designed to be low
cost and as effective as possible with a DIY (do-it-yourself) approach.
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Figure 3.8: Amphibious houses in Old River Landing (Source: The Buoyant
Foundation Project).
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3.3.2 Maasbommel, Netherlands

The Netherlands has a long-standing history of mitigating flooding.
With 60% of the country lying below sea level, the development and
implementation of flood-resilient infrastructure have become integral to
Dutch culture.?” The “Room for the River” program is a comprehensive
initiative addressing flood risks. As part of this larger effort, 14 floating
houses and 32 amphibious homes were constructed in 2005 in Maasbommel,
Gelderland province, along the Maas River, highlighting innovative
strategies for flood resilience.?® The houses are made of light timber-frame
construction with concrete boxes at the bottom (Figures 3.9 and 3.10); they
can survive water level fluctuations up to 18 feet [5.5 metres].” They have
steel columns planted into the ground which extend up to 12 meters above
the NAP level' (Normaal Amsterdams Peil).*® The houses have flexible
utility connections and pipelines, long enough to remain connected even
when the water rises.*' In 2011, the houses floated during their first flood
since construction, demonstrating the successful implementation of the
technology of amphibious architecture. However, the project encountered
legal challenges after construction, stemming from ambiguities in the
legislation and non-compliance with zoning regulations,** which prevented
individuals from obtaining building permits. These issues were unrelated

to the construction or the building itself.

Figure 3.9: Section of the amphibious houses in Maasbommel (Source: Factor
Architecten).

i Normaal Amsterdams Peil: It is a reference level used in the Netherlands for
measuring elevation and flood risk. The NAP serves as the baseline for determining the
height of land, buildings, and other structures concerning sea level and flooding.
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Figure 3.10: Amphibious houses in Maasbommel (Source: The Buoyant Foundation
Project [top], Factor Architecten and Boiten Ingenieurs [bottom]).
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3.3.3 The Mekong River Delta, Vietnam

In Vietnam, water plays a crucial role in daily life, with a network of
rivers and canals supporting transportation and floating markets, as well
as community activities. However, the country faces significant climate
change challenges, making flood mitigation strategies a priority. The
Mekong Delta is a low-lying plain, located up to three meters above sea
level, and is highly susceptible to frequent and severe flooding.** Specialists
have predicted that sea levels will rise by 2.6 feet [0.8 m] by 2100, which
would cause 40 percent of the Mekong Delta to be submerged, affecting
one-third of the regional population.* In response to these challenges, the
BFP developed and constructed four amphibious retrofits in the Mekong
Delta for their rice farmer residents in 2018 (Figure 3.11). The buoyancy
was achieved using barrels or bundled recycled jugs and tied up to the
underside the house using ropes. Additionally, centering devices were
installed, ensuring that the house could not shift horizontally and would
return back to its exact original position after flooding.*> Each of the four
retrofits were slightly different in design features and materials utilized
to allow for comparisons of their robustness and overall performance.
Four months after construction, during the monsoon season of 2018,
all four houses floated as anticipated, as the floodwaters rose. This
project in Vietnam not only successfully demonstrated the technology
of amphibious architecture but has also highlighted the potential of
simple, locally-sourced materials and local labour to provide effective,
sustainable flood protection for vulnerable communities.
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Figure 3.11: Amphibious houses in Mekong River Delta, Vietnam (Photo by Elizabeth
English [top] and Pham Duy Tien [bottom]).
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3.4 Summary

Amphibious architecture, as a resilience-in-place strategy, offers a
transformative approach to flood mitigation, especially for Indigenous
communities whose cultural identity i1s deeply tied to their lands. This
architecture not only preserves physical spaces but also safeguards the
intangible heritage that defines these communities. By allowing homes
to rise with the incoming floodwaters and later return to their original
position safely, this strategy embraces a harmonious relationship with
water and the environment, aligning with Indigenous worldviews that see
land and water as “gifts from the Creator.” Thus, amphibious architecture
acknowledges that it is going to flood, but we do not need to be afraid.’’
By accommodating for potential floods, it reduces displacement, trauma,
and the loss of cultural heritage.

Through case studies from Louisiana, the Netherlands, and Vietnam, we
have seen how amphibious architecture has successfully adapted across
different contexts—whether it is vacation homes in Maasbommel, or low
cost retrofits using recycled materials in the Mekong Delta—demonstrating
its effectiveness and versatility. It has time and again proved itself not only
for the technical feasibility, but also for the cultural sensitivity and economic
advantages of this approach. However, the full potential of this strategy
will only be realized once it can easily be adapted and adopted across the
globe. That will only happen once it is supported by appropriate policies
and legislation. Hence, as we move forward, it is important to facilitate
the integration of these innovative solutions into broader flood resilience
and mitigation strategies, ensuring that at-risk communities, such as the
Indigenous communities, can continue to thrive on their homelands.
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Policies, Regulation and Application of Amphibious
Architecture
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bridging policy and water

According to the Assembly of First Nations (AFN), Indigenous communities
are twenty-three times more likely to experience homelessness than any
other population in Canada,' highlighting a significant disparity in housing
stability and access. Housing and its related resources are key to the
economic and social well-being of a community. Shaw A-in-chut Atleo,
former National Chief of the AFN, described the situation as “substandard
and deplorable,” with current housing programs unable to meet the growing
demands and plagued by issues such as overcrowding and deterioration
that is due to “poor construction and impacts from mould.”” This alarming
reality underscores the urgent need for comprehensive and effective housing
policies that not only address the unique challenges faced by Indigenous
communities in Canada but also bridge this tremendous housing gap.

Policies, legislation, and regulations are central in shaping the housing
landscape worldwide. These frameworks are not merely administrative
tools, but essential instruments that ensure the safety, dignity, and cultural
preservation of a community. For First Nations, Métis, and Inuit in Canada—
the three distinct Indigenous groups formally recognized—these structures
are vital in framing their relationship with government, especially around
land and housing.
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In Canada, only individuals registered with Indigenous Services Canada
(ISC) and holding “Indian Status” are permitted to live on reserves—the
parcels of land designated by the federal government to be used and occupied
by the Indigenous people.’ Although Inuit and Métis are recognized as
Indigenous, they are not eligible to register with ISC, meaning on-reserve
housing is specifically designated for registered First Nations.* According
to the 2021 census, 40.6% (over two-fifths) of First Nation peoples live
on-reserve,” emphasizing the importance of addressing housing needs
within these areas.

As the community’s housing needs evolve, it is essential that plans to
address these needs adapt accordingly.® Effective housing policies can
bridge the gap between traditional practices and changing modern needs,
fostering environments where the heritage and the contemporary can coexist
harmoniously. Integrating strategies like amphibious architecture offers
a promising solution to the unique challenges faced by First Nations on
floodplains [refer to Chapter 2.1, pg. 37]. By examining current policies
and exploring improvements, we can create housing that respects and
upholds the rich cultural heritage of Indigenous peoples while addressing
challenges such as climate change.

4.1 Existing Policies and Regulations for Housing on Indigenous
Reserves

In 2019, the Government of Canada released the National Housing
Strategy, declaring housing to be a fundamental right, and acknowledging
that having an affordable and safe place to live provides individuals and
families with the environment necessary to thrive, develop, and maintain
their dignity.” Effective housing policy in Indigenous communities is essential
for Indigenous land development and the well-being of the communities.
There are some existing policies and regulations in place, with responsibility
for regulating housing on reserves shared by First Nations communities,
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the federal government, and agencies such as the former Aboriginal Affairs
and Northern Development Canada (AANDC) and Canada Mortgage
and Housing Corporation (CMHC). However, there is no clarity in
the respective roles and responsibilities of each of these stakeholders
concerning housing. In the following sections, we will examine some of
the relevant policies and strategies for housing on Indigenous reserves.

4.1.1 Federal and Provincial Building Code

While the First Nations are responsible for providing and managing
housing on-reserve, the federal government supports many housing programs
through funding.® However, it is the responsibility of each community to
ensure compliance with applicable building codes.

The National Building Code (NBC) of Canada serves as a model code,
offering guidelines to ensure the safety and health of occupants by regulating
building construction and materials. While NBC is a federal model, it only
holds legal status when adopted by the provinces.’ For example, provinces
like Ontario and British Columbia have developed their own codes based
on the NBC, while others, such as Nova Scotia and Manitoba, have adopted
NBC with supplementary laws and regulations.'® In CMHC-funded projects,
NBC serves as the minimum standard of compliance. Since April 2014,
First Nations must submit certificates of code compliance to CMHC at three
key stages of construction.! However, adherence and enforcement during
construction requires the active participation of First Nations communities.
AANDC maintains that it is up to the First Nation’s chief and council to
ensure that housing is built according to building code standards.'>? CMHC
representatives emphasize that it is the First Nation who has the jurisdiction
with authority and is thus responsible for enforcing the said guidelines.'?

In addition to federal and provincial building code compliance, CMHC-
funded on-reserve housing programs require buildings also to meet the
Local Zoning and Building Bylaws and Regulations,'* which can vary by
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province, municipality, land use, and construction practices. First Nations
communities have the flexibility to adapt these local regulations to fit
their specific contexts, ensuring that housing development respects both
legal requirements as well as cultural practices.

Despite this framework, a report from the First Nations National Building
Officers Association’s (FNNBOA) highlights that only a small number of
First Nations communities have enacted building codes, adopted housing and
fire safety bylaws, and begun to enforce inspections.'> Many communities do
not perceive these responsibilities as within their jurisdiction. There is also
ambiguity surrounding where the responsibility for maintenance of housing
lies—the resident, First Nation’s leadership, or the federal government.'®
Furthermore, the absence of clear technical specifications on how the NBC
should be applied to First Nations communities adds to this uncertainty.
This regulatory gap and lack of clarity on responsibilities have contributed
to the persistent housing crisis in many Indigenous communities.

4.1.2 Indigenous Treaties and Regulations Affecting Housing

Indigenous treaties and land management laws shape housing policies
on reserve, recognizing Indigenous peoples’ rights to land, resources, and
self-governance. The Government of Canada describes treaties as a “key
component of Canadian nation-building” where a specific agreement
tells a story of the relationship between the Crown and the Indigenous
communities.'” These treaties and agreements continue to evolve and adapt
as Canada’s commitment to a “new relationship” with the Indigenous
peoples progresses.

Historically, it has been seen that the British Empire asserted its belief
in the superiority of the British ideals and society during colonization,
which forced the First Nations to abandon their traditional ways of life and
conform to the British lifestyle. The British North American Act of 1867
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was passed (also known as the Constitution Act, 1867), which made the
federal government solely responsible for “Indians and land reserved for
Indians.”'® This hindered their ability to self-govern and self-determine.
After a long struggle, it was not until the passing of the Indian Act of 1985
that First Nations regained the ability to self-govern on their own lands
and make decisions for their own homes. Under Section 81 of the Indian
Act, First Nations are provided bylaw-making authority for “the regulation
of the construction, repair, and use of buildings, whether owned by the
band or by individual members of the band.”"” However, not all reserve
lands are administered under the Indian Act. Some communities have
opted for the First Nations Land Management Act of 1999 (FNLMA)
to manage land independently. These communities are called Land Code
First Nations.? They can develop land use bylaws under which they can
adopt or adapt the existing building codes to create their own distinctive
guidelines, with approval from Indigenous Services Canada (ISC). In
December of 2022, the Framework Agreement on First Nations Land
Management Act (FAFNLMA) replaced the FNLMA?! to streamline
land management and address inconsistencies with federal laws. The
FAFNLMA also introduces clearer rules for dispute resolution and
ensures that the Framework Agreement' takes precedence over conflicts.

In 1996, the On-Reserve Housing Policy was introduced, giving First
Nations greater control over how, where, and when the housing funds are
invested. While some First Nations opted out, such as many in British
Columbia, others embraced the policy, receiving annual capital allocation
based on population and remoteness of the community.”? These funds cover
various housing needs such as construction, renovation, maintenance,

i The Framework Agreement is a 1996 government-to-government agreement between
Canada and the thirteen First Nations who wanted to take over the management of
reserve lands from the federal government.
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insurance, etc. BC First Nations that opted out of this policy became part
of the Housing Support Program, which gives them access to housing
funds.” These policies were introduced as a means to provide flexibility to
target funding for specific housing needs that First Nations communities
have. Hence, while national policies help provide funding mechanisms
and regulatory structures, it is the self-determination of First Nations,
through tools such as the FAFNLMA, that ensures housing solutions align
with their distinct needs and traditions. This emphasizes the importance
of continuing to develop housing strategies that respect Indigenous rights
and promote self-governance in land and housing management.

While these policies aim to recognize Indigenous rights, their practical
impact remains limited. First Nations face persistent challenges, including
limited funding and jurisdictional ambiguities, which often hinder the full
implementation of these frameworks. As a result, while these policies and
agreements represent positive steps toward Indigenous self-determination,
their capacity to fully address on-reserve housing remains an ongoing
challenge.

4.1.3 Government Funded Institutions

The provision and management of housing on-reserve also involves
the collaboration of several key government-funded institutions. These
institutions are responsible for funding, policy development, and support
services for essential housing needs of First Nations communities in Canada.
The key players involved are CMHC and what was formerly known as
Aboriginal Affairs and Northern Development Canada (AANDC), now split
into Indigenous Services Canada (ISC) and Crown-Indigenous Relations
and Northern Affairs Canada (CIRNAC).
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Canada Mortgage and Housing Corporation (CMHC) is responsible
for administering the National Housing Act and maintains several programs
specifically designed to improve housing conditions in Indigenous
communities across the country. It provides specific programs to fund
the construction, renovation, and management of social housing, even
providing the First Nations communities with capacity development and
training tools to assist in all stages of building construction.** CMHC also
works in collaboration with national Indigenous organizations to offer
support, autonomy, and control of Indigenous housing, by Indigenous
peoples.” Additionally, CMHC’s On-Reserve Non-Profit Housing Program
supports First Nation communities by providing financial assistance to
build affordable housing on-reserve as well as to apply for subsidies and
loans to help finance it.?* CMHC’s involvement aims to ensure that the
communities have access to the financial tools and resources needed to
develop and sustain their housing infrastructure. While CMHC’S programs
aim to improve housing conditions on reserve, communities still face
housing shortages and encounter barriers in accessing adequate funding
and support.

Crown-Indigenous Relations and Northern Affairs Canada (CIRNAC)
focuses on establishing and maintaining nation-to-nation relationships
between Indigenous communities and the Canadian government.”” CIRNAC
plays a strategic role in policy development and legislative initiatives that
impact housing on reserves. The institution is involved in land management,
treaty negotiations, and other legal frameworks that influence the way
housing projects are planned and executed within Indigenous communities.

Indigenous Services Canada (ISC) plays a central role in supporting
First Nations housing initiatives on reserves. ISC provides direct funding to
First Nations for the construction, renovation, and maintenance of housing.?®
It works closely with CMHC to administer housing and support housing
projects in First Nations communities including new builds, retrofits, and
renovations. ISC does not cover the full cost of housing; First Nations
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communities and their residents are also expected to secure funding from
other sources.”” However, First Nations are only eligible to receive this
funding from ISC if the construction complies with NBC along with other
national building codes such as electric and plumbing.

While these programs and entities, such as the First Nations Market
Housing Fund (FNMHF) and advocacy organizations like the Assembly of
First Nations (AFN), are presented as solutions, the reality on the ground
tells a different story. Despite decades of funding programs, partnerships, and
advocacy, housing on reserves remains in a state of crisis. Overcrowding,
substandard construction, and a chronic lack of resources are persistent
issues that these programs have failed to resolve.

For instance, while the FNMHF promotes market-based housing through
loan guarantees and capacity-building,* it assumes that residents have the
financial stability to access loans—an assumption that ignores the economic
disparities faced by many First Nations individuals. Similarly, while the AFN
advocates for Indigenous housing rights®', its capacity to enforce change is often
limited by systemic barriers and a lack of sustained government accountability.

Thus, while these entities may highlight their efforts in glowing terms,
the lived experiences of First Nations communities reveal a stark disconnect
between policy and practice. The question remains: how much of this funding
and advocacy actually translates into tangible improvements in housing
conditions? Too often, these initiatives fall short of delivering the safe, quality
housing that First Nations communities not only deserve but are entitled to.

4.1.4 Land Ownership Structure On-Reserve

Each First Nation has its own method of dealing with land and land tenure.
Traditional land tenure means different things in different communities. Most
First Nations communities in Canada have a mix of band-owned homes,
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rental housing, and privately owned homes.*? However, it is important to
define what land ownership means in terms of Indigenous communities.
Under the Indian Act, reserve lands are held by the Crown “for the use
and benefit of the respective bands for which they were set apart.”* Thus,
“ownership” of lands on reserve is different than how it is characterized
off-reserve. Under this Act, transfer of reserve lands to any entity other
than the band or band members is also prohibited.**

In some First Nations communities, individuals can have a Certificate
of Possession (CP) for their lands, while other land parcels are under what
is known as Common Band Land (CBL). CP land is when an individual
member of the community has been given an allotment by the Band Council.*®
However, the Government of Canada retains the legal title to the land, hence,
the CP holder cannot get a mortgage.*® Nevertheless, the CP holder is entitled
to the use of their land. For example, Peguis First Nation in Manitoba has
two types of land distinctions on-reserve—CP and CBL. There are about
7,500 acres of swamp land in the reserve, which was turned into CP land
by the community leadership, i.e. the Chief and Council.’” CMHC only
provides a mortgage for a home in Peguis if it is on CBL.?® In a discussion
with members of the community, it was observed that ninety percent of
the CP homes are in floodplains and its residents have “no place else to
g0”.* CP lands are not exclusive to Peguis, there are many First Nations
communities across the country that have similar land tenure structures.
For example, the pre-colonization Cowichan Tribe in British Columbia had
a practice of allotting parcels of land to individual families.*’ According to
the AFN, it is pivotal for each community to have an internal system for
transferring, selling, and buying land among community members.*' This
should be set out in the housing policy, or guidelines by the Lands Department.
AFN also maintains that an effective housing policy must include the First
Nation’s governance model,* that is, their chief and council structure.
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4.2 Existing Policies and Regulations for First Nation Housing
in Flood-Prone Areas

Flooding poses a significant and recurring threat to many First Nations
reserves across the country [refer to Chapter 2.1, pg. 37]. These communities,
often located in low-lying, swampy, or remote areas, are particularly
vulnerable to the impacts of flooding due to a combination of geographical,
historical, and socio-economic factors.* As discussed in Chapter 2, flood
risks not only threaten the physical safety of residents but also undermine
the stability of housing and infrastructure, leading to long-term social,
economic, and cultural challenges. While earlier chapters have delved into
the specifics of flood risks, this section focuses on the existing policies and
regulations that aim to address these challenges.

Indigenous Services Canada (ISC) regional offices work closely with
First Nations at risk of flooding to ensure that emergency preparedness and
response plans are set in place to carry out such procedures.* In 2021, ISC
and AFN launched the Steering Committee on First Nations Home Flood
Insurance Needs to examine the specific flood insurance needs for residents
on-reserve.* This initiative is presented as an effort to empower to First
Nations and promote self-governance. ISC also provides funding for structural
mitigation projects such as dikes, sea walls, erosion-control measures, and
drainage improvements.* It also administers the Emergency Management
Assistance Program (EMAP) as the main source of federal funding for
flood mitigation, preparedness, response, and recovery on-reserve.*’

On paper, these measures seem promising. However, the effectiveness
of these policies in practice is another matter entirely. Communities,
such as Peguis First Nation, have criticized the reactive rather than
proactive nature of flooding responses.* For instance, ISC’s suggestion
of mounding homes in the community as a flood-mitigation strategy*’
comes with challenges, including high costs and time-intensive processes,
particularly in areas where suitable soil is not readily available. Additionally,
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alterations to the structure would have to be made with the basement
being removed to potentially mound the home to a sufficient elevation.

Despite claims of progress, the actual outcomes indicate a different
reality. Flood mitigation measures are only effective if implemented
in a timely, consistent, and culturally appropriate manner—something
that many communities have yet to experience. While initiatives like
EMAP and structural mitigation projects are highlighted as solutions,
their actual impact remains limited by underfunding, logistical hurdles,
and a lack of community-specific strategies. It is necessary to ask: do
these policies truly address the root causes of flooding and its impacts,
or are they merely patchwork solutions that fail to account for the unique
circumstances of Indigenous communities? Unless these programs go
beyond surface-level efforts and bring real change, First Nations reserves
will continue to face the disproportionate burden of flooding’s consequences.

4.2.1 Flood Insurance

Another challenging yet essential component of housing policies for First
Nations communities in flood-prone areas is the role of flood insurance.
Given the increasing frequency and severity of flooding partly due to
climate change, having adequate flood insurance is beneficial for ensuring
the financial stability of communities. While it would not prevent flood
damage, it would provide homeowners with the necessary financial support
for rebuilding and recovery, helping to mitigate the economic impacts of
floods. However, the unique legal and logistical challenges associated
with on-reserve land and housing create complexities in accessing and
implementing flood insurance policies. Institutions like CMHC, ISC and
AFN work together to help address these challenges, yet certain significant
gaps remain.
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One of the primary issues arises from the increasing cost of property and
flood insurance on Indigenous lands due to the increase in the number of
floods annually.”® Canadian economists and researchers have attributed this
rise in insurance costs to climate change. This has exposed the standardized
risk assessment method of government policies that neglect the distinctive
characteristics of Indigenous reserves. For example, insurers use risk
assessment based on a region’s flooding history and existing resilience
measures, but these assessments fail to account for the specific situation of
reserves. Residents on reserve lands often have no choice but to remain in
flood-prone areas, as relocation is not feasible. This leads to the communities
being forced to accept higher property insurance rates, while many others
remain uninsured.’!

Another complication is homeownership on reserves. As only
a small portion of residents own their homes, individuals looking to
secure insurance must first obtain a Certificate of Possession or a Band
Council Resolution.* This is because the Insurance Bureau of Canada
says the homeowner “must be able to prove they own the property and
have a financial interest.”>* However, the reserve land is held by the
Crown or the community itself, complicating access to conventional
insurance options.>* Under Sections 28 and 89 of the Indian Act, assets
and properties on reserves cannot be seized in the event of a default,
which further discourages mortgages, leading to limited private insurance
availability.” Furthermore, even in cases where flood coverage exists, it is
often too expensive, and residents may not fully understand its limitations.

For example, during the 2021 AREs in British Columbia, an elderly
couple from the Penelakut Tribe on Vancouver Island had to abandon their
family home, which they had built in 1985, when floodwaters rose on their
property.>® After the waters receded, their home was deemed uninhabitable
due to the extent of the damages. Initially housed by the Red Cross for a
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“short stay,” they were later moved to a motel in Duncan, BC, arranged by
their Tribe as disaster relief support ended.’” Their home had been financed
by the CMHC, but the insurance lapsed once the mortgage was paid off,
something they had been unaware of.>® Years later, they are still waiting
for a resolution from their community or the government.”® This case
highlights that, even when in the rare cases where insurance is available
for housing on-reserve, community members are often misinformed or
unaware of the extent and terms of their coverage.

The lack of accessible and affordable flood insurance for First Nations
communities is particularly concerning, given that flooding is the most
frequent and expensive natural hazard in Canada, with over 289 floods
recorded between 1900 and 2022.%° The gaps in insurance coverage, coupled
with the rising costs and the limitations imposed by existing policies and
regulations, leave many on-reserve homes and their inhabitants vulnerable to
severe financial and social repercussions. Addressing these gaps is important,
not only for the immediate safety and resilience of these communities, but
also for the long-term sustainability of Indigenous housing in the country’s
flood-prone regions (Figure 4.1).

4.3 Lack of Existing Policies to support Amphibious Architecture

As climate change continues to amplify flooding in vulnerable regions,
particularly in Indigenous communities, the need for innovative and resilient
housing solutions becomes increasingly urgent. Amphibious architecture
is one such strategy that offers a practical and sustainable approach to
mitigating flood risks. Despite its potential to reduce the significant damage
caused by floods and its consequences, there are currently no direct policies
or guidelines in Canada that support the development and implementation
of amphibious architecture. Although there are some international policies
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for floating architecture, it is important to note that floating and
amphibious structures are not the same. Floating architecture remains
buoyant at all times, while amphibious architecture only floats during
floods, resting on the ground during normal conditions. Hence, the
absence of such regulations for amphibious architecture poses a critical
challenge, as it hinders the adoption of these adaptable housing solutions
that could provide much-needed protection and resilience for flood-prone
Indigenous communities.

The NBC includes comprehensive guidelines for how to deal with and
defend structures against wind, snow, rain, and earthquakes, recognizing
the need to protect communities from these threats. However, despite the
increasing frequency and severity of flooding in the country, the code
lacks specific provisions for flood-resilient construction. This omission is
particularly concerning for flood-prone Indigenous communities, where
the absence of clear guidelines leaves them vulnerable to the devastating
impacts of floods. While other natural hazards are addressed with detailed
regulatory frameworks, the exclusion of floods from the NBC highlights
a significant gap in the approach to disaster resilience, particularly in the
context of housing on reserves.

Keeping this in mind, the National Research Council (NRC) has recently
produced a technical guidance document—the Guide for Design of Flood-
Resistant Buildings—to design flood-resistant buildings in Canada. Since
floodplain mapping and associated bylaws are developed at a provincial level
in the country, there are no national standards in place that guide how flood
risk is analysed and designed. The NRC document intends to address this
issue at a national level.®' The document is intended to determine parameters
such as flood elevation, future climate effects, flood construction level, flood
depth, and velocity, but does not provide guidelines for floating construction.
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While Canada lacks national guidelines for floating construction, some
other countries around the world have recognized the importance of
establishing standards for floating homes to address flood risks effectively
(Figure 4.2). In the Netherlands, for instance, floating homes are regulated
under specific guidelines that ensure their safety and sustainability in flood-
prone areas. Similarly, other nations prone to flooding have developed robust
policies to facilitate the construction and maintenance of floating homes,
recognizing their potential to protect communities from rising waters.%

Title Region
Building Code for Float Homes Alaska, USA
Regulation of the Construﬁil)i::;:\nd Maintenance of Floating California, USA
_— . British Columbia,
British Columbia Float Home Standard Canada
Technical Regulation on the Stability, Buoyancy, ete, of ;
Houseboats and Floating Structures Deamark
Queensland Development Code. MP 3.1 Floating Buildings Queensland, Australia
NTA 8111 Drijvende bouwwerken [Floating constructions| Netherlands
AS 3962-2001 The Aust:.af Iﬂ:r?:. a:;da rd: Guidelines for Design Australia
PN-EN 14504: 2010 Inland navigation vessels - Floating
landing stages and floating briggcs on inland waters - EC
Requirements, tests
Guidelines for Floating Platforms for Yacht Marinas Poland

Figure 4.2: Guidelines for Floating Construction Globally (Source: Karczewski and
Piatek).
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According to Building Code for Float Homes in Alaska, USA, floating
structures must comply with safety regulations, including those for stability,
anchoring, and utilities like electricity and sewage. Additionally, the code
also requires that float homes have proper flotation devices and are inspected
regularly to ensure safety and compliance with environmental standards.®
Similarly, the guidelines for California’s floating construction—Regulation
of the Construction and Maintenance of Floating Homes—discusses the
stability and safety requirements for floating homes in Marin County,
outlining methods to calculate the balance and stability, considering both
dead and live loads. It also includes guidelines for measuring the buoyancy

and stability when subjected to uneven weight distribution or wind pressure.*

Denmark also produced its own guidelines—7echnical Regulation on the
Stability, Buoyancy, etc. of Houseboats and Floating Structures—iterating
its criteria for ensuring these structures are safe and stable, addressing load
distribution, balance, and stability under various conditions.® Similarly,
The Australian Standard: Guidelines for Design of Marinas emphasizes
the importance of environmentally sustainable practices, safety regulations,
and community engagement. It discusses key considerations such as
adequate buoyancy, minimizing ecological impact during site selection,

and implementing waste management practices.

Meanwhile, Canada’s approach remains fragmented, with no comprehensive
national code to guide the development of floating structures. BC, in particular,
has a Float Home Standard, which covers the design and construction of
float homes. These standards address critical aspects of floating construction,
such as buoyancy, anchoring, and floodproofing, providing a framework
for safe and resilient floating homes in the province. However, the absence
of a unified national standard leaves other regions without the necessary
guidelines to develop similar housing solutions, limiting the broader
adoption of this innovative approach to flood resilience.
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While amphibious architecture is not synonymous with floating
architecture, the same concerns of safety and security apply. Municipalities
in BC have expressed concern that many floating homes have inadequate
safety provisions including access for ambulance and firefighter crews.®’
Similarly, in the Netherlands, where amphibious architecture has become
a reality in places like Maasbommel, these innovative structures still face
significant challenges. Under the “Room for the River” program, implemented
in 1997, Maasbommel became the site for the first amphibious houses in the
country in 2005.% The houses floated during the flood of 2011, proving the
successful implementation of amphibious architecture technology. However,
years later today, it is still not as widely adopted and accepted. While the
technology is available, it is difficult to obtain a building permit because
of the “unfamiliarity with the concept in regulation and hesitance to build
in areas that were considered dangerous.”® Essentially, this reflects the
absence of provisions for amphibious housing in existing building codes,

which effectively prohibits its implementation.

The challenges faced by amphibious architecture are not unique to Canada
and the Netherlands. In the United States, particularly in New Orleans
after Hurricane Katrina in 2005, the adoption of alternative flood-resilient
housing solutions faced significant obstacles. When Hurricane Katrina hit,
storm surges overwhelmed the inadequate levees, and 80% of New Orleans
was submerged™. The devastation was immense, with a large number of
homes being damaged and residents displaced. In the aftermath, the US
Federal Emergency Management Agency (FEMA) recommended that
homes be elevated to mitigate future flood risks. However, this approach
raised concerns as well. Dr. English noted that intermittent elevation of the
homes in a neighbourhood might lead to a decline in community cohesion
and pose accessibility issues for residents in neighbourhoods characterized
by strong social connections.”' This observation underscores the potential
drawbacks of elevating structures, particularly in close-knit communities.
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Despite the potential of amphibious architecture as an alternative, FEMA
expressed reservations. FEMA prioritizes relocating residents away from
flood-prone areas and withholds flood insurance through the National Flood
Insurance Program (NFIP) for new amphibious houses, citing technical
concerns about the lack of adequate anchoring to prevent flotation.”
Municipalities were warned that they risked losing their good standing
with the NFIP if they issued building permits for amphibious construction.
This would pose a critical challenge for homeowners, as banks in the US
require flood insurance as a prerequisite for providing mortgages in flood-
prone areas.” Since 2014, FEMA has permitted amphibious construction as
retrofits for existing homes, yet these structures remain ineligible for NFIP
coverage.”* These restrictions highlight how existing regulatory frameworks
and insurance policies hinder the adoption of innovative housing solutions

like amphibious architecture.

Increasing confidence in the potential of amphibious housing could
stimulate further developments in the market, provided that these innovations
are supported through appropriate regulations. Experience in the Netherlands
and the US underscores that while amphibious architecture offers a promising
solution to flood resilience, to be widely implemented, it requires careful
consideration of safety standards and infrastructure support to ensure its
effectiveness. The lack of comprehensive guidelines and policies addressing
these concerns limits the widespread adoption of such innovative housing

solutions, both in Canada and globally.
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4.4 Incorporation of Amphibious Architecture

The successful implementation of amphibious architecture in Canada
requires more than just technical innovation; it demands a comprehensive
integration into existing regulatory frameworks and guidelines (Figure 4.3).
This integration is essential for ensuring the long-term viability and safety
of amphibious structures, as well as for encouraging their adoption on a
broader scale. The three major barriers for the inclusion of this strategy’ are:

1) lack of inclusion in the National Building Code
2) lack of government policies supporting amphibious architecture

3) lack of insurance coverage for amphibious structures

Addressing these issues through targeted recommendations is essential for
advancing the use of amphibious architecture in the country. The following
recommendations are proposed as a phased approach to overcoming these
barriers, encouraging the successful incorporation and maintenance of
amphibious structures within Indigenous communities (Figure 4.4 and 4.5).

Recommendation #1: Integrate Amphibious Architecture into the
National Building Code

To enhance flood resilience in Indigenous communities situated in flood-
prone areas, incorporating amphibious architecture into the NBC would
be beneficial. Integrating these design strategies would not only enhance
the safety and resilience of these communities but also align with ISC’s
support for innovative housing that adheres to established regulations. This
can be done in a phased approach as mentioned below.
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Phase 1: Developing Amphibious Design Standards and Guidelines

Before amphibious architecture can be incorporated into the code,
establishing a set of guidelines and standards tailored to Canada’s unique
climate and flood conditions is necessary. These standards could address
the construction and technical feasibility of amphibious design, ensuring
that the design is not only safe, but also practical and resilient. Detailed
design parameters for amphibious structures can be developed, which
define load capacities, buoyancy requirements, and materials as well
as response to the Canadian climate. This foundational work will set
the stage for broader implementation and will guide the integration
of these innovative solutions into existing regulatory frameworks.

The Buoyant Foundation Project, in March of 2021, prepared a Guidance
Document for Amphibious Construction,’” which was then submitted as a
draft to the NRC. The document covers the technical guidelines for designing
an amphibious construction including its major components—the buoyancy
system, the vertical guidance posts, and the connections to the utilities.

These guidelines serve as a valuable starting point for developing these
standards for the Canadian context. By adapting and expanding upon these
guidelines, Canada can establish region-specific standards that ensure the
practicality and resilience of amphibious architecture across the country.
Additionally, this existing document can be adapted specifically for Indigenous
communities integrating community-specific needs, cultural values, and
preferences in the design and construction of amphibious architecture.

Phase 2: Pilot Projects

A series of pilot projects could be implemented in First Nations
communities to test and refine amphibious housing designs. These projects
could involve close monitoring and community engagement, with feedback
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FLOOD INSURANCE

Most FN houses remain uninsured,
while the few that do have flood
insurance have higher property
insurance rates due to increasing
frequency and severity of flooding.

STEERING COMMITTEE ON
FIRST NATIONS HOME FLOOD
INSURANCE NEEDS

Launches by ISC and AFN, itis an
emergency management
initiative.

EMERGENCY MANAGEMENT
ASSISTANCE PROGRAM

Under ISC, it administers the main
source of federal funding for flood

\ mitigation, preparedness,

response and recovery on-reserve.

Lack of inclusion in the National Building Code.
Lack of government policies supporting
Amphibious Architecture.

Lack of insurance coverage for Amphibious
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collected on both technical performance and community experiences.
A monitoring framework can be set up involving local environmental
experts and community members to track performance and gather
feedback. Collaborating with local environmental experts and community
members would allow for a comprehensive evaluation of the pilot projects,
informing potential adjustments to the NBC.

Such projects would test the practical application of amphibious housing
in real-world conditions, providing a valuable basis for further consideration.
These projects would contribute insights into the performance, maintenance,
and community acceptance of amphibious structures, serving as a critical
proof of concept for wider adoption and integration into the NBC.

Recommendation #2: Develop a Comprehensive Policy Framework

Establishing a well-structured policy framework could significantly
support the integration of amphibious housing solutions across Canada.
Such a framework might include guidance on implementing amphibious
designs to ensure these solutions are both safe and compliant with current
standards. Financial mechanisms, including government grants, subsidies,
and potential incentives like tax credits or rebates, could also be outlined
to help offset initial costs and encourage the adoption of innovative
flood mitigation strategies by First Nations communities. A streamlined,
accessible application process for communities seeking funding support,
along with assistance in navigating the application steps, could further
promote engagement.

Collaboration among the federal, provincial, and other governmental
agencies would be vital in designing specific funding programs that support
the development of flood-resilient housing on-reserve. Additionally, allocating
a portion of the existing disaster relief funds towards the construction of
amphibious homes can proactively protect communities from flooding and
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reduce long-term disaster recovery costs. This proactive approach not
only safeguards communities but also mitigates the financial burden of
reactive crisis management that communities usually face.

Recommendation #3: Establish a Long-Term Maintenance Plan

A well-planned, sustainable maintenance strategy can help ensure the
long-term functionality and safety of amphibious housing structures.
Periodic inspections—ideally scheduled annually and around significant
flood events—would help assess the readiness of these structures.
This could include pre- and post-flood checks to confirm that all
components are in working condition. Alongside inspections, a general
maintenance schedule focused on the key components of amphibious
designs, such as buoyancy elements and guidance posts, would help
communities manage upkeep effectively without undue burden.

To support this, developing a standardized maintenance manual could offer
clear, accessible guidance on managing routine tasks. This approach not only
extends the lifespan of the amphibious home but also allows for adjustments,
such as extending the vertical guidance posts if needed as projected flood water
levels rise, ensuring that structures can adapt to the changing climate. Protocols
could also be established in case an emergency repair needs to be made in the
event of significant damage caused by flooding or other extreme conditions.

Recommendation #4: Develop Tailored Insurance Products for
On-Reserve Housing

Supporting amphibious housing in flood-prone First Nations communities
could benefit from insurance products designed to address the specific
risks associated with this type of construction. Incorporating Indigenous
insurance brokers and specialized resources may help with effective risk
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assessment and planning within these communities. Currently, many
floodplain communities lack access to flood insurance, as traditional
providers often decline coverage due to the high flood risks involved,
leaving these communities financially vulnerable.

Although achieving affordable, adequate coverage may require subsidies
or additional support mechanisms that are not presently available, developing
an insurance framework tailored to amphibious housing could offer a
foundation for future policies. In the long term, these products could help
reduce financial vulnerability and encourage the broader adoption of flood-
resilient housing. Given that the federal government forcibly relocated many
First Nations onto flood-prone lands, ISC could contribute to the premiums
as well. Through incremental steps, such as pilot insurance programs,
this approach could address some of the unique challenges faced by on-
reserve communities as they adapt to changing environmental conditions.

To initiate tailored insurance options, conducting specialized risk
analysis specific to amphibious housing in First Nations communities
would be helpful. This analysis could evaluate the unique components of
amphibious designs, such as buoyancy systems and guidance posts, along
with potential risks that set these structures apart from traditional housing.
Data gathered from pilot programs could provide valuable insights for this
assessment, helping to identify which coverage aspects are most crucial.

Partnerships between government agencies and insurance providers
could form an additional layer of support, potentially establishing a safety
net for First Nations communities facing flood risks. Although extensive
government subsidies are unlikely at present, small-scale initiatives might
encourage gradual adoption of amphibious housing, enhancing both
community resilience and recovery capabilities in flood-prone areas.
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Recommendation #5: Community Education and Capacity Building

For amphibious architecture to be effective in Indigenous communities,
active participation from community members is crucial. Engaging the
community through workshops and consultations can provide valuable
insights into local housing needs and preferences, helping to build consensus
around design choices for flood-resilient housing. This includes engaging
with community members, leaders, and local organizations to confirm
that amphibious architecture aligns with their cultural values and practical
requirements.

Educational campaigns within the communities could further support
this engagement by raising awareness about the benefits and functionality
of amphibious structures. Through workshops, informational materials, and
hands-on demonstrations, community members can better understand how
these designs work and how they can be maintained. Involving community
members in the construction process and offering training programs for
local builders could also build essential skills, empowering communities
to manage and maintain these homes independently over time.

Moreover, this initiative offers opportunities for economic reconciliation.
By involving community members in construction, training, and maintenance
roles, new pathways for local employment and skill development can
emerge, strengthening the community’s economic resilience.

Community engagement must be approached with cultural sensitivity
and respect for traditional practices. Hence, incorporating Indigenous
knowledge and perspectives into the design and implementation of amphibious
architecture plays a key role. By focusing on community education and
capacity building, First Nations communities will certainly be well-prepared
to implement, maintain, and manage amphibious architecture.
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NBC currently lacks provisions not only for innovati
designs such as amphibious architecture, but also
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4.5 Application of these considerations for First Nation
communities

The successful implementation of amphibious architecture in First
Nations communities goes beyond technical innovation and requires
a holistic approach that integrates cultural, social, and environmental
considerations. Hence, it is crucial to collaborate with First Nations
communities in policy-making to ensure that these solutions not only
address flood risks but also respect and support cultural heritage. These
solutions must be co-developed with community members, prioritizing
their voices and reflecting their knowledge, practices, and relationships
with the land and water. First Nations communities share an intrinsic
and irreplaceable bond with water, experiencing it as a sacred entity
that is vital to their spiritual and cultural existence. This relationship
is not merely significant, it is fundamental and inseparable from their
identity and way of life [refer to Chapter 2.2.2, pg. 45]. Amphibious
architecture, through its adaptive design that accommodates flooding,
can resonate with these worldviews that emphasize harmony with water.
This approach speaks to the Indigenous principles of stewardship and
the protection of the land, ensuring that development does not come at
the expense of the ecological balance.

Indigenous people have a vast array of wisdom, knowledge, and
tradition entwined with the past and the places they call home. Traditional
Knowledge offers invaluable insights into ways of sustainable living
through adaptive, resource-conserving strategies that stem from intimate
knowledge of the land and its ecosystems. This knowledge can help
inform modern practices such as climate change mitigation in the form
of amphibious architecture. This is where the principle of “Two-Eyed
Seeing” plays an important role. This concept, introduced by Mi’kmaq
Elder Albert Marshall, emphasizes the importance of seeing the world
through both Indigenous and Western perspectives. It refers to “learning
to see from one eye with the strengths of Indigenous knowledge and
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ways of knowing, and from the other eye with the strengths of Western
knowledge and ways of knowing...and learning to use both these eyes
together””” (Figure 4.6). By applying this principle, policy-makers,
architects, and engineers can develop solutions that incorporate the
strengths of both knowledge systems. In the context of amphibious
architecture, this means integrating Indigenous knowledge of land
and water with modern architectural practices to create housing
solutions that are not only functional but also deeply respectful of the

community’s cultural and spiritual connections to the environment.

Figure 4.6: Two-Eyed Seeing (collage by author, Logo Source: Institute for
Integrative Science and Health, used by permission).
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Amphibious architecture, when developed in partnership with First
Nations communities, has the potential to reflect and celebrate their
cultural identity. This collaboration should be evident not only in the
physical design of the structures but also in the policies that support their
implementation. Moreover, the preservation of cultural heritage must be
a central consideration in this development since the Indigenous people
are so deeply connected to the land on which they live. This approach
not only strengthens the resilience of First Nations communities in the
face of climate change but also reaffirms their identity and this sacred
relationship to the land and water. By doing so, we are not only building
homes that rise during a flood but also constructing a future where
modern innovation and ancient wisdom rise together.

An Indigenous-led approach to amphibious architecture does more
than protect communities from the floods that threaten their homes and
wellbeing, it reinforces their heritage, identity, and ways of knowing
amidst a changing world. This approach goes beyond resilience; it
honours traditions while fostering a future grounded in cultural values
that can adapt to the challenges ahead.
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living between land and water

As climate change continues to impact Indigenous communities, flooding
remains one of the most pressing concerns. For First Nations communities
residing in flood-prone areas, there is an urgent need for innovative housing
solutions that can safeguard their homes while preserving cultural heritage.
Amphibious architecture offers a promising way forward, allowing homes
to rise with the floodwaters only when needed, providing resilience in
place without the need for relocation. In addition to preventing long-terrm
displacement due to flooding, amphibious architecture offers several other
significant benefits for First Nations communities [refer to Chapter 3.1,
pg. 73]. One of the key advantages is the reduction of damage to both
belongings and the house itself. Since these homes float in response to
rising water levels, they remain intact during floods, sparing residents the
costly and time-consuming process of post-flood repairs. From an economic
perspective, this approach allows for immediate re-occupancy, allowing
residents to return to their homes as soon as they can get there safely,
avoiding prolonged downtime and minimizing the expenses associated
with damage control and cleanup operations. Architecturally, amphibious
architecture also maintains visual coherence within the landscape, in contrast
to structures raised on tall stilts or high foundation walls, which can disrupt
the aesthetic and social harmony of the community’s built environment.
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Building on the conceptual and policy frameworks from previous
chapters, this chapter shifts focus toward the practicalities of adapting
commonly used housing typologies—modular and stick-built homes—
into amphibious structures. These housing typologies are widely used in
First Nations communities, offering an ideal starting point for reimagining
flood-resilient design for Indigenous communities. Through the process
of amphibiating these homes, the goal is to create spaces that offer not
only physical safety but also maintain cultural continuity. This chapter
presents schematic designs for amphibious housing, considering the specific
needs of First Nations communities while addressing structural integrity,
environmental sustainability, and heritage preservation.

5.1 Modular vs Stick-Built Housing

Housing in First Nations communities is a major aspect of cultural identity
and community resilience, reflecting on the diverse needs of Indigenous
peoples across the country. Traditionally, housing in these communities
has been closely tied to the land and its resources, with structures often
designed to harmonize with the natural environment. Today, the two major
housing typologies observed in many such communities across Canada
are modular and stick-built homes (Figure 5.1). Modular housing offers
affordability, flexibility and efficiency, while stick-built homes are rooted
in conventional construction practices. In communities like Peguis First
Nation, there has been an interest at the leadership level in promoting
stick-built housing, aiming to expand local employment opportunities and
support the revitalization of standard construction practices.! Meanwhile,
many other communities, such as Yale First Nation in BC, are leaning
towards modular housing as a strategic response to tackle the housing crisis
within their community.* This contrast underscores the need to explore
both modular and stick-built approaches, as each offers distinct benefits
and challenges suited to the diverse goals of First Nations communities.
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EXAMPLES OF MODULAR HOUSING FOUND IN FIRST NATIONS

Bison Modular Homes Modular Building Solutions Inc. Royal Homes
First Nations owned company “proud to serve First MBS “specializes in First Nations, remote The company offers “First Nations Housing to all First
Nations, Inuit and Métis throughout Canada.” access and emergency projects.” Nations throughout Ontario.”

Gitwangak First Nation, BC. Katl'odeeche First Nation, Northwest Territories
Best Buy Homes. :

Nomodic Modular Housing Best Buy Homes Kashechewan First Nation,

Nomodic has several current and past Indigenous It is Western Canada’s largest supplier of Northern Ontario.
communities as clients throughout the country.  modular housing for communities in BC, SK,
Manitoba, NW Ontario and the Territories.

Figure 5.1: Modular and Stick-Built Hot
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EXAMPLES OF STICK-BUILT HOUSING FOUND IN FIRST NATIONS

Shackan Indian Band, BC. Cook’s Ferry Indian Band, BC.

Douglas First Nation, BC.

Nipissing First Nation, Ontario. Six Nations of the Grand River, Ontario. Sagkeeng First Nation, Manitoba.

Carry the Kettle Nakoda Nation, Cowessess First Nation, Saskatchewan. Sandy Bay First Nation, Manitoba.
Saskatchewan.

1sing in First Nations (collage by author).

143




CHAPTER 5

Modular Housing is a type of construction that involves building a house
in a factory setting in multiple parts and then transporting it to the building
site. While modular homes are often perceived as a modern innovation,
they actually have a long history in North America. Housing kits were
introduced to the east coast in the seventeenth century, and entire homes
began to be transported in the late nineteenth century.* The method offers
several advantages, including cost-efficiency, ease of construction, speed
of installation and scalability, which makes them particularly attractive for
use in housing developments across Indigenous communities. Modular
homes can be built according to a predictable timeline in a controlled
environment, ensuring that timing and quality are less affected by weather
conditions.’ Furthermore, modular construction is less likely to be impacted
by labour shortages compared to on-site construction methods.® Another
significant benefit of modular housing is sustainability; the construction
process typically generates reduced material waste, contributing to greater
energy efficiency.’

Despite these advantages, there are challenges associated with modular
construction. For instance, transporting units to remote sites can be costly and
may lead to damage during transit. Additionally, machinery, such as cranes,
1s often required to lift the homes off the trucks used for transportation,
which can add to project costs.® On-site integration can also pose difficulties,
as units may sustain damage while connecting essential utilities such as
electrical, mechanical and plumbing systems.” Moreover, a significant
challenge with modular housing in flood-prone areas is its vulnerability to
water damage; if these homes are not specifically designed to withstand and
adapt to flooding, they can be at high risk during extreme weather events.

Stick-Built Housing is a type of construction that uses conventional
methods of building where each part of the structure is constructed on-
site. It allows for greater customization and adaptability to specific site
conditions and to reflect cultural and community-specific preferences.
This method also has deep roots in North America, where it has been the
standard approach to residential construction for centuries. One of the
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primary advantages of stick-built homes is their ability to be tailored
to individual preferences, reflecting local culture and heritage. This
flexibility is important in First Nations communities, where housing
often serves not just as a shelter but as a space for maintaining social
and cultural ties. Additionally, stick-built construction often fosters
community engagement, as local labour and materials are usually utilized,
which can strengthen ties within the community and create employment
opportunities. The on-site construction process allows for greater
flexibility in design changes, enabling builders to address challenges as
they arise during the build.

However, stick-built homes also present certain challenges. The
construction timeline is generally longer than that of modular homes, making
them more susceptible to delays caused by weather or labour shortages.
This can impact both project costs and overall efficiency. Moreover,
the reliance on skilled labour for on-site construction can make it more
difficult to maintain consistent quality, particularly in areas experiencing
shortages of labour. Similar to modular homes, stick-built houses are also
vulnerable to flooding unless innovative adaptations are incorporated.

Thus, the main difference between both types of building practices is
the construction and delivery process. In conventional stick-built housing,
building materials are brought to the site and the house is built there,
whereas for modular homes, three-dimensional modules are constructed
in a factory and then moved to the site, typically on a flatbed truck. Once
they arrive on site, they are placed on a foundation and completed.!®

While both approaches aim to alleviate the issues of housing availability, the
persistent threat of flooding still remains a critical concern. The challenge lies
in finding a way to appropriately adapt these homes to flood-prone areas. By
equipping modular and stick-built homes with amphibious foundations, these
houses can float during the floods, reducing the risk of damage and displacement
of occupants. In both cases, the incorporation of amphibious elements
could offer a sustainable and culturally sensitive approach to addressing
the unique housing challenges faced by First Nations in flood-prone areas.
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5.2 How to “Amphibiate”?

For the purpose of this research, I am using a simple rectangular house
model [Type A] (Figure 5.2) as a starting point to illustrate the fundamental
concepts of amphibious design. By focusing on a basic structure, I aim
to demonstrate buoyancy calculations and orientation strategies that can
be applied to a wide variety of housing types, including both modular
and stick-built homes. While this model is straightforward, it serves as a
foundation for understanding the principles behind amphibiation, offering
insights that can be adapted to other housing typologies. By drawing from
these familiar designs, the proposals not only remain relevant to current
construction practices but also reflect the architectural patterns already
in use, making the transition to amphibious architecture more feasible.

Stick-built homes, often featuring complex shapes and intersecting
roof design, present additional challenges due to their more intricate
load-bearing paths [Type B and C]. By starting with a simple structure—
that could apply to both modular and stick-built homes, this research
provides a clear entry point for understanding the core design strategies
of amphibious architecture. Once these principles are established,

they can be expanded and customized to suit other housing styles.

—= (1 ()

Type A Type B Type C

Figure 5.2: Housing Typology (Image by author).
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The process of amphibiation can be adapted to both new construction
and retrofitting projects, making amphibious architecture a flexible and
inclusive solution for flood-prone areas. Key elements—such as amphibious
foundations, vertical guidance posts, and flexible utility systems—remain
consistent across designs, allowing for a replicable method that can be tailored
to the unique needs of each community. One of the goals of this thesis is to
provide a replicable method that communities and designers can follow to
modify different housing styles that are appropriate for amphibiation. Whether
applied to new constructions or as retrofits, the same design principles can be

customized to reflect the specific needs and preferences of each community.

To implement amphibious design successfully, one of the key considerations
is determining the amount of buoyancy required to lift the structure during a
flood event. Understanding the weight of the house and the uplift capacity of the
buoyancy is important to ensure that the home is sufficiently buoyant to float.
This section outlines the process for calculating the necessary buoyancy for the

house, along with a design option for integrating buoyant elements effectively.

In this design, a box beam structure is used to encase the buoyancy
materials and provides support to the central beam. This structural approach
contributes to the stability of the amphibious system. While the current
design demonstrates the principles of buoyancy, it represents the maximum
buoyancy elements that may be needed. The design, developed in consultation
with Dr. English, provides an adaptable framework that can be refined
as needed to reflect house-specific weight and buoyancy requirements.
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Buoyancy Calculations:

The typical house used is a representative example for the purpose of this
analysis. We assume a typical housing size, structural load, and material
composition based on standard design practices. The following calculations
provide an estimate of the amount of buoyancy material required to ensure
that the house can safely rise and float during flood events. The formula
provides a baseline to calculate how much buoyancy material is necessary
for the specific prototype housing.

The suggested formula for estimating quantity of buoyancy required
is as follows:

Design Load = Factored Load + Factor of Safety’
=[(1.25 x Dead Load) + (1.5 x Live Load)] + [0.25 x Dead Load]

Through the calculations presented in the following pages, we can
determine the amount of buoyancy material required. Once the necessary
buoyancy is established, the next step is to design these buoyant elements
to fit into the crawlspace. Moreover, adjustments to the calculations and
designs can be made for varying site conditions, or housing configurations,
which would require re-determination of the amount of buoyancy needed.

1 This additional Factor of Safety is added to the Factored Load by the recommendation
from the Draft of the Guidance Document for Amphibious Construction prepared by
the Buoyant Foundation Project.!! Unlike static foundations, an amphibious foundation
is subject to dynamic loads, introducing additional uncertainty. Underestimating the
dead load in such systems poses a significant safety risk, as it directly affects the
foundation's ability to remain afloat. Given this elevated uncertainty, adding a safety
factor is a precautionary measure to mitigate the significant consequences that could
arise from underestimating the structure’s weight—consequences that are far more
critical than with standard foundations.
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Buoyancy Calculations for a Typical Type A House

To estimate the amount of buoyancy required for the prototype house, we
assume the following parameters:

Area of the house (A) = 1380 ft?

Live Load (LL) = 40 lbs/ft

Dead Load (DL) = 40 Ibs/ft?

Density of water (D, ) = 62.4 lbs/ft’
Density of EPS foam (D,) = 1 Ib/ft’
Buoyancy for EPS foam (B) = 61.4 1bs/ft?

Design Load = Factored Load + Factor of Safety
=[(1.25x DL) + (1.5 x LL)] + [0.25 x DL]
=[(1.25x40) + (1.5 x 40)] + [0.25 x 40]
=120 lbs/ft?

Next, we calculate the total load on the structure by multiplying the design
load by the area of the house:

Calculated Load = Design Load x Area
=120 Ibs/ft* x 1380 ft?
= 165,600 Ibs

To determine the required volume of buoyancy material (EPS foam), we divide
the total load by the buoyancy provided by the EPS foam per cubic foot:

V =165,600 lbs / 61.4 1bs/ft}
V =2697.06 ft*

Assuming we use standard EPS foam blocks with dimensions 2 feet by 4 feet
by 3 feet, each block has a volume of:

V.= 24 ft
Thus, the number of buoyancy blocks required is:

n=2697.06 ft* / 24 {3
n = 112 units

Now that we have calculated the required volume of buoyancy material, we
need to design these elements to fit accordingly into the structure (Figures 5.3-5.7).
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Schematic Design for Amphibiating a Typical Type A Home

o ©
2 2 2 Eys 2 >
@ @
2 — 1
E Existing House 1. Vertical Guidance Post
I:' Retrofit 2. Box-Beam Structure
D Buoyancy 3. Buoyancy Blocks

Figure 5.3: Floor Plan of the Box Beam Structure in the Amphibious Design Proposal
for a Typical Type A House (Image by author).
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Figure 5.4: Floor Plan of the Buoyancy Elements in the Amphibious Design Proposal
for a Typical Type A House (Image by author).
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Stiffener Panels

Figure 5.5: An Exploded Axonometric of the Amphibious Design Proposal (Image by
author). [Left]

Figure 5.6: Schematic Design of the Box Beam Structure (Image by author). [Right]
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\:I Existing House .

Figure 5.7: The house whe
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l Retrofit D Buoyancy

n floating (Image by author).
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The “Amphibiation” Process

Amphibiating a home involves a detailed and methodical approach to
ensure safety and resilience. Below is an outline of the key steps involved,
but does not represent all of the necessary steps in transforming a traditional
home into an amphibious home.

1. Structural Considerations and Flood Risk Assessment

The process involves calculating key structural components of the home,
focusing on elements critical to determining the load-bearing capacity
to ensure it can be supported by an amphibious foundation during flood
events. This includes the weight of the existing house, the load paths and
documenting the size of the structural members.

Simultaneously, flood risk assessment is conducted. This assessment
evaluates factors such as water levels, flood frequency and water and wind
velocities. Together, these assessments guide the design of an amphibious
foundation that will enable the house to rise safely with the floodwater.

2. Designing the Amphibious Foundation

The amphibious foundation serves as the core element that allows the
home to float during a flood. Calculating the necessary buoyancy required
to lift the home relies on formulas outlined in the previous sections [refer
to pgs. 174 and 176]. In this design, EPS foam blocks serve as buoyancy
elements and are positioned within the crawlspace beneath the existing
joists. To secure the buoyancy elements as well as support the central beam
during the float, the blocks are encased within a structural layer of beams,
creating a box-like frame. There are multiple other ways to do so as well,
including the use of straps.

Additionally, an access aisle might be incorporated within the crawlspace
between the buoyancy blocks. This enables inspections and maintenance
when needed.
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3. Installing Vertical Guidance Posts

These posts ensure that the home rises vertically and does not drift, float
away or shift laterally during a flood event. The posts are anchored deep
into the ground and placed near the corners or along the sides of the house.

Centering devices can be integrated to ensure that, once the floodwaters
recede, the house returns to its exact original position without any horizontal
misalignment.

4. Flexible Utility Connections

Utility systems must be modified to accommodate the vertical movement
of the home during flood events. This can be done by manually disconnecting
them, installing pull-apart, self-sealing breakaway connections, or using
flexible connections [refer to Chapter 3.2, pg. 82].

5. Debris Screen as a Protective Measure

To prevent unwanted materials, such as tree trunks, branches, and other
debris, from entering and impacting the components of the amphibious
foundation causing damage, a debris screen could be installed around the
perimeter of the house. While not a universally implemented component
of amphibious construction, debris screens are beneficial in cases where
floating debris is prevelant.

6. Post-Flood Evaluation and Ongoing Maintenance

A post-flood inspection can be conducted to assess any damage to the
system and identify necessary adjustments [refer to Appendix A, pg. 183].
Establishing a maintenance schedule can help ensure the long-term integrity
of the structure, including inspections of the guidance posts, centering
devices and the buoyancy elements. This type of maintenance supports
the readiness of the house for the next flood.
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5.3 Environmental Considerations and Sustainable Materials

Environmental considerations play an important role in designing
amphibious architecture, especially for Indigenous communities, where
the land is deeply intertwined with the cultural identity of the community.
The design must honour this relationship between the people and the
land. Designing homes that are not only resilient but also environmentally
responsible ensures that construction respects the natural ecosystems
and supports long-term sustainability. This includes a careful selection
of materials that simultaneously minimize environmental harm while
maximizing durability.

Wherever possible, using renewable materials like sustainably sourced
timber or cedar can significantly reduce the carbon footprint. First Nations
have a rich history of using traditional building materials that are adapted
to the local environment and available resources. The choice of materials
often depends on the specific needs of the community, the climate, and its
location. For example, many such communities in BC have historically
relied on materials like cedar for building their longhouses and canoes, as
well as crafting tools and other artifacts.'? Locally sourced materials not
only reduce transportation emissions but also support local economies and
align with cultural values.

Various amphibious projects around the world have employed a range of
buoyancy materials, including recycled plastic water bottles, bamboo, and
concrete open caissons [refer to Chapter 3.2, pg. 80]. Each material is selected
based on cost, local availability, sustainability and suitability for buoyancy,
demonstrating that diverse materials can be successfully adapted to meet the
unique environmental and cultural needs of different communities. Vertical
guidance posts can be made of steel or locally sourced wood. Depending
on the community and its local environment, these posts can be made using
materials that reduce the ecological footprint while maintaining the necessary
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structural integrity. For the buoyancy elements, sustainable options like
wood or recycled materials can be considered to lower environmental
impacts. However, for the purpose of this proposal, I have chosen EPS
foam because of its unique advantages: it provides excellent buoyancy,
1s lightweight, and offers long-term stability in water. While there are
environmental concerns regarding its lack of biodegradability, its benefits
contribute to the effectiveness of amphibious design. Moreover, foam is
readily available, make it a cost-effective option that allows for scalability,
which is important for communities requiring housing solutions. Its
adaptability also makes it ideal for retrofits, as it integrates easily into
the existing structures. In the future, as more sustainable materials
become available and scalable, the aim would be to shift towards more

environmentally friendly options.

5.4 Reciprocity and Community Engagement

Community engagement is a vital component of this project, grounded
in the principle of reciprocity. For amphibious architecture to be effective
and this process to be successful, it must be developed in close collaboration
with the community it seeks to serve. This ensures that the solutions not only
address flood resilience but also reflect the community’s cultural values and
ideas. This project is not about telling people what they should do, but rather
creating a space for collaboration. For amphibious architecture to effectively
meet the community’s needs, the design process must involve ongoing

communication based on mutual respect, collaboration, and understanding.

Engaging with the community means recognizing that they are the experts
oftheir own land, traditions, and experiences. Their knowledge of the environment,
local climate, and historical flood patterns is crucial in shaping housing
solutions that work for them, not just technically, but culturally and practically.
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Furthermore, incorporating Traditional Knowledge' strengthens the
process by honouring Indigenous ways of knowing and wisdom [refer to
Chapter 4.5, pg. 130].

As Indigenous communities across the country grapple with the intensifying
consequences of climate change, particularly for areas prone to flooding,
the necessity of adapting housing strategies becomes even more critical.
The design proposal outlined in this chapter offers a blueprint for resilient,
adaptable homes that not only respond to environmental challenges but also
respect the cultural and social dimensions of Indigenous life (Figure 5.9).
However, the process of amphibiating homes for Indigenous communities
extends far beyond the technical considerations. It requires a deeper
understanding of the communities’ relationship with the land, the water and
its architecture. This process must be participatory, involving collaboration
with Indigenous leaders, designers, and community members to ensure
that the final product is what the people want and need.

By considering environmental impacts, sustainable materials, and
Indigenous knowledge, this design proposal through amphibious architecture
aims not only to protect the communities from the damages of flooding
but also to strengthen the connection between architecture, people, land
and cultural heritage. Thus, three major design principles of amphibious
architecture for Indigenous homes could be categorized as (Figure 5.8):

a) safety of life and security of property
b) heritage preservation

c) promotion of traditional materials and sustainable building practices

i Traditional Knowledge is also at times referred to as Traditional Ecological
Knowledge (TEK).
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Figure 5.8: The three design principles of this amphibious design proposal (Image by
author).
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epilogue

As this journey of research and exploration draws to a close, what
remains is the ever-present truth that for First Nations communities, the
land is more than a place—it is identity, heritage, and home. To design for
such a space is not just to build, but to understand the intricate layers of
relationship among people, water, and earth. It is to acknowledge histories
of displacement, dispossession, and resilience that have shaped Indigenous
experiences with land and flooding. But it also means recognizing the weight
of trauma—telt deeply by communities who are repeatedly uprooted from

their homes and forced to endure the heartbreak of uncertainty.
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This thesis was shaped by my visit to British Columbia during the initial
exploration, where I stood among homes scarred by rising floodwaters.
In these moments, I listened to community members share their stories,
their struggles, and their determination to explore new possibilities. What
I saw was not defeat but a persistent search for options—a collective will
to remain rooted, to safeguard their traditions, and to look for solutions
that honour their connection to the land. This work is, in part, a response

to that search.

The adoption of amphibious architecture within Indigenous communities
offers one such option in the broader toolkit of flood resiliency measures.
It is not just a practical response to flooding; it signals a shift towards
resilience in place. By allowing homes to float when necessary and settle
back on the land when floodwaters recede, amphibious architecture upholds
the principles of living in harmony with the water cycles and nature—a
value deeply embedded in Indigenous worldviews. In reflecting on this
thesis, what resonates most is the pressing need to ensure that any approach
to housing in flood-prone reserves goes beyond resilience in place. It must
foster continuity of culture, honour the stories of the land, and amplify
Indigenous voices. With every step toward “amphibiating” housing,
the future of these communities can hold the promise of safety without

sacrificing the sacred connections that tie people to the land.

As we move forward, it is crucial that governments, architects, and
policymakers not only acknowledge the technical aspects of these design
solutions but also engage with the cultural sphere. The integration of
amphibious architecture into policies, the National Building Code, and
Indigenous housing strategies requires not only technical innovation but

cultural understanding, continuous dialogue, and community leadership.
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It is important to clarify that this thesis does not assert amphibious
architecture as the definitive solution or the only path forward. The best
choice will ultimately depend on the specific circumstances, priorities, and
needs of each community. Instead, what this thesis offers is an option—a
form of resilience in place. It provides a way for First Nations communities
to remain connected to their homelands, rather than being forced to abandon
them due to the increasing threat of floods. By offering the possibility of
staying rooted in place, amphibious architecture allows for communities
to preserve their ties to the land and continue their cultural traditions, even

as they adapt to changing environmental conditions of today.

This work began with the waters—those that rise in floods, threatening
the homes and lives of so many. Yet, it also began with the voices of
Indigenous participants, whose insights and guidance have shaped its
foundation. To them, I offer my deepest gratitude. Their wisdom, courage,
and commitment to seeking solutions are a testament to the resilience and

strength that defines their communities.

Perhaps there is no singular solution, no perfect blueprint. Instead, there
is a collective movement towards something deeper: a way of living with

the land, where even when the waters rise, the people stay rooted.
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Appendix A: Proposed Maintenance Strategy

o (@]

All Box Beams in Place: The box beams, containing
buoyancy blocks, are sccured in their positions,
supporting the structure during floating conditions.

Single Box Beam Pulled Out: One box beam is pulled
out through a potential access point, allowing direct
access to its buoyancy blocks for detailed inspection or
maintenance.

Figure A: Diagram Illustrating the Inspection and Maintenance Process for Box Beams
containing Buoyancy Blocks (Image by author).
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Glossary

100-Year Flood Event: A flood event that has an average of 1 in 100 chance

(1% probability) of occurring in any given year.

Amphibious Architecture: A design strategy that enables buildings to adapt to
rising water levels by floating when needed while remaining on the ground at
other times, preventing flood damage.

[Amphibiate / Amphibiating]

Atmospheric River Events: A type of storm characterized by narrow bands of

concentrated moisture in the atmosphere, leading to heavy rainfall.
Buoyancy: The ability of an object to float in water or other fluids.

Climate Adaptation: Proactively understanding and preparing for the changing

climate and reducing climate-related risks.

Colonialism: The policy or practice of establishing control over a territory
and its people, often through settlement, resource exploitation, and cultural

imposition, resulting in significant social and economic disparities.

Decolonizing Thinking: An approach that seeks to challenge and dismantle
the colonial frameworks and biases in knowledge production and practices.
It emphasizes the importance of incorporating Indigenous perspectives,
values, and experiences, promoting self-determination while recognizing and
addressing the historical and ongoing impacts of colonialism.

[Decolonizing Research]

Displacement: The forced movement of individuals or communities from their

homes or traditional lands, often due to environmental changes or hazards.
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Elders: Respected members of Indigenous communities who hold traditional
knowledge and wisdom, guiding cultural practices and community decisions

through a lifetime of learned teachings and earned respect.

Environmental Justice: The fair treatment and meaningful involvement of all
people in environmental decision-making processes, ensuring that vulnerable

communities are not disproportionately burdened by environmental hazards.

Environmental Stewardship: The responsible use and protection of the natural
environment through conservation and sustainable practices, emphasizing the

importance of maintaining ecological balance.

Factor of Safety: The ability of a system’s structural capacity to perform safely

beyond its expected or actual loads.

First Nation: A term that came into common usage in Canada during the 1970s
to replace the word “Indian”, but still does not have a legal definition. The term
“First Nations peoples” typically refers to the Indian peoples of Canada (status
and non-status). Some Indian Act bands have also adopted the term “First

Nation” to replace the word “band” in the name of their community.

Flood Resilience: The ability of a structure or community to withstand and

recover from flooding events.

Freeboard: In the context of amphibious construction, the term refers to the
vertical distance between the water's surface and the top of the lowest floor
when floating during flood conditions. This usage is derived from its definition
in naval architecture, where it denotes the distance from the water's surface to

the lowest point where water can enter a vessel, typically the lowest deck.
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Indigenous Rights: The collective and individual rights of Indigenous peoples,

including land rights, cultural preservation, and the right to self-determination.

Knowledge Keepers: Individuals in Indigenous communities who preserve
and share traditional knowledge, cultural practices, and histories, often through

oral traditions and community engagement.

Off-Reserve: Refers to any location outside the boundaries of reserve lands.

On-Reserve: A reserve is land set aside by the Canadian government for use

by First Nations.

Resilience in Place: Strategies and measures implemented to improve a
community’s capacity to endure, adapt, and recover from flooding and other
environmental challenges while remaining in their original location. This
approach emphasizes strengthening local infrastructure, enhancing adaptive
practices, and promoting sustainable land use to ensure that communities can

withstand adverse conditions to thrive in their existing established environments.

Reciprocity: A principle that emphasizes mutual respect and responsibility in

the relationship between Indigenous peoples and the land, water, and beings.

Regulatory Framework: A system of rules and regulations that governs the
management of housing and land use, crucial for ensuring compliance and

safety.
Relocation: The process of moving individuals, families, or entire communities

from one location to another. In the context of flood mitigation, an approach

where homes and communities are moved to higher ground to avoid flood risk.
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Risk Assessment: The process of identifying and evaluating the potential risks
associated with flooding in a specific area, used to inform insurance policies

and emergency preparedness.

Two-Eyed Seeing: A principle that encourages integrating Indigenous and
Western perspectives to create more comprehensive solution. It emphasizes

valuing both knowledge systems equally in decision-making processes.

Vulnerability: The characteristics of a person or group and their situation that
influences their capacity to anticipate, cope with, resist, and recover from the
impact of a natural hazard, such as floods, as well as the conditions determined
by physical, social, economic, and environmental factors or processes that
increase the susceptibility of an individual, a community, assets, or systems to

the impacts of hazards.
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