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ABSTRACT: This paper draws on a case study of Iqaluit, Nunavut, to exemplify the conceptual utility of the
water—energy—food (WEF) nexus as a starting point in better understanding the cascading nature of climate change impacts.
The case study demonstrates that damage to Iqaluit’s main fuel storage tank caused by instability in the permafrost layer
induced a series of cascading impacts that affected Iqaluit’s water, food, sanitation, and health care services. Because of the
non-linear nature of cascading impacts, the response was largely reactionary, rather than anticipatory, leaving Iqaluit residents
exposed to heightened and extended periods of WEF insecurity. Given the relatively weak state of WEF security in Arctic
regions, coordinated policy action is needed to increase the resilience of Arctic WEF systems. We suggest the WEF nexus can
support those coordinated efforts by avoiding siloed responses.
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RESUME. Cet article s’appuie sur une étude de cas portant sur Iqaluit, au Nunavut, qui vise a illustrer I'utilité conceptuelle
du nexus « eau-énergie-alimentation » comme point de départ pour mieux comprendre les effets en série du changement
climatique. L’étude révele que les dommages subis par le principal réservoir de carburant d’Iqaluit, dus a I’instabilité de la
couche de pergélisol, ont déclenché une série d’événements touchant I’eau, I’alimentation, I’assainissement et les soins de santé
d’Iqaluit. Les effets en série non lin€aires ont entrainé une situation réactive plutot que proactive, ce qui a fait que les habitants
d’Iqaluit ont vécu des périodes prolongées et exacerbées d’insécurité en ce qui concerne ’eau, ’énergie et ’alimentation. En
raison de I'insécurité relative en matiére d’eau, d’énergie et d’alimentation dans les régions arctiques, il est essentiel d’adopter
une approche politique coordonnée pour renforcer la résilience des systémes d’eau, d’énergie et d’alimentation dans I’Arctique.
Nous suggérons que le nexus eau-énergie-alimentation est en mesure de soutenir ces efforts concertés pourvu que les réponses
ne soient pas isolées.

Mots-clés : catastrophe; changement climatique; infrastructure; Canada; Arctique

Traduit pour la revue Arctic par Nicole Giguére.

INTRODUCTION

Arctic regions are being disproportionately affected by
climate change. Although contributing negligibly to global
greenhouse gas emissions, the Arctic receives some of the
most severe climate-related impacts (IPCC, 2022). For
example, the Arctic has warmed at more than twice the
global rate over the past 50 years and will almost certainly
continue to experience more pronounced surface warming
than the world average over the current century (IPCC,
2021). These warming conditions have resulted in a myriad
of effects, including changes in precipitation, flooding,
erosion, and alterations in snow and sea ice cover (Gutiérrez
etal., 2021).

While propagating significant changes in key ecological
systems (Lawrence et al., 2020), the cascading impacts of
climate change are simultaneously disrupting the social and
economic conditions of Arctic communities. Cascading
effects can be understood as a consequence of direct
climate impacts that generate secondary changes in social
and ecological systems (Pescaroli and Alexander, 2016).
For example, rising temperatures intensify permafrost
thawing, which affects transportation networks and, in
turn, constrains the mobility of Arctic residents. Permafrost
thaw also affects the integrity of Arctic infrastructure,
including airports, railways, buildings, and pipelines (Hjort
et al., 2018). The instability of permafrost has caused school
closures in Yukon and has contributed to runway damage
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at airports in Nunavut (Clark et al., 2022). Climate change
is also projected to increase the frequency and intensity
of storm surges, causing coastal erosion and damage to
community water and sanitation services (Oldenborger
and LeBlanc, 2015; CCA, 2019). While the cascading
impacts from climate change are already threatening
the integrity of critical infrastructure (WSP, 2021) and
have caused subsequent disruptions in the delivery of
community services, these events are projected to increase
exponentially by the middle of the century. For Arctic
communities, this will likely result in magnification of
existing inequalities (Crépin et al., 2017) and widening of
social and economic disparities (Ford et al., 2015).

In light of these conditions, Arctic communities are in
urgent need of effective and comprehensive strategies to
dampen, if not mitigate, the impending climate crisis (Ford
et al., 2014). However, the cascading effects of climate
change are not easily anticipated, as they follow complex
and dynamic pathways (Chang and Bonnette, 2016), and
therefore, effective interventions and adaptive societal
responses have been elusive. To date, the implementation
of adaptive strategies has been uneven; too often these
strategies are also siloed in design (Daher and Mohtar,
2015).

One approach that has shown promise in overcome
siloed climate responses has been the water—food—energy
(WEF) nexus. The WEF nexus originally garnered attention
following the 2011 Bonn Conference as a framework for
advancing the integrated management of water, energy,
and food systems (Hoff, 2011; Biggs et al., 2015). Whereas
the analytical value of the WEF nexus has been debated
(Huntington et al., 2021), its effectiveness as a means of
interrogating the complexity and contextual nature of WEF
systems has been championed, given changing climate
conditions (Boluwade, 2021). Because climate change and
its cascading impacts do not adhere to sectoral boundaries,
the multidimensionality of the WEF nexus (Mpandeli et al.,
2018) has proven effective at stimulating systems thinking
that guides more anticipatory societal responses (Medinilla,
2021; Kellner, 2023), particularly in regions prone to high
rates of WEF insecurity (Radmehr et al., 2021).

While the WEF nexus has been used effectively in
other climate-sensitive regions of the world (e.g., Conway
et al., 2015; Romero-Lankao and Norton, 2018; Herrera-
Franco et al., 2023), its application in the Arctic has yet to
be tested. This oversight is surprising given the high rates
of water, energy, and food insecurity that currently exist
in Arctic communities (Ingram et al., 2021; Natcher and
Ingram, 2021; Schmidt et al., 2022; Madani and Natcher,
2024), which are expected to be exacerbated by the
projected impacts of climate change (Ford et al., 2021). It
was with these conditions in mind that the Arctic Council’s
Sustainable Development Working Group (SDWG)
endorsed research (including the investigations on which
the current paper is based) that would examine the nexus
between climate change and the security of WEF systems
in the Arctic (SDWG, 2021).

In this paper, we draw on a case study of Iqaluit,
Nunavut, to demonstrate the conceptual utility of the WEF
nexus in making visible the cascading impacts of climate
change. What started as instability in the permafrost
layer resulted in damage to Iqaluit’s main fuel storage
tank, and subsequently, a water crisis in the city. From
this climate-induced event, a series of cascading impacts
ensued that affected Iqaluit’s water, food, sanitation, and
health care services. Because these cascading impacts
occurred through non-linear pathways, the response was
largely reactionary rather than anticipatory, leaving Iqaluit
residents exposed to heightened and extended periods of
WEF insecurity. As concerning as the Iqaluit crisis has
been, the situation is indicative of the challenges other
Arctic communities are experiencing in the context of the
current climate crisis (Schmidt et al., 2022; Smith Lopez et
al., 2024).

Rather than offering a blueprint for community response,
our objective in this paper is to encourage iterative and non-
linear approaches to problem solving that anticipate the
cascading nature of Arctic climate change. In doing so, we
intend to show that the situation in Iqaluit was not a water,
energy, or food crisis alone, but rather, a systems crisis that
demanded equally complex and integrative responses.

Background

Cascading impacts occur when the effects of a climate-
related hazard progress over time, generating unexpected
secondary effects (Pescaroli and Alexander, 2016).
These secondary effects result from interdependencies
between sub-systems (Walker and Meyers, 2004), where
changes experienced in one domain induce and accelerate
widespread changes in others (Kinzig et al., 2006). Because
of their interconnectedness, a disaster event in one WEF
sector can affect others in unpredictable ways that together
result in cascading hazards. For example, in southern
Africa, a region classified as a climate change hot spot,
a 20% reduction in annual rainfall is projected by 2080
(Conway et al., 2015). While reduced rainfall will directly
and negatively impact agricultural output (Emediegwu
et al., 2022), reduced access to water and sanitation
services will have cascading impacts on nutrition, human
health, and well-being (Parikh et al., 2021). Countries in
southern Africa are already experiencing an upsurge of
vector- (malaria and dengue fever) and water- and food-
borne diseases (cholera and diarrhea), which will likely
be exacerbated by climate-induced changes in regional
WEF systems (Mpandeli et al., 2018). Similar conditions
exist in southern Asia (Rehman et al., 2024) and eastern
Mediterranean countries (Albatayneh, 2023) where the
cascading impacts of climate change are bringing multiple
and unforeseen hazards that affect the social, economic,
and human health conditions of regional populations.

The Arctic is also exposed to cascading climate hazards
on WEF system services. For example, climate change
is projected to influence the hydrological systems of the
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FIG. 1. Study area, Igaluit and surrounding region.

Arctic by altering surface-water distribution and drainage
(Rawlins and Karmalkar, 2004). This is problematic
for Arctic communities that rely on precipitation runoff
during summer to replenish freshwater supplies (Bakaic
and Medeiros, 2017). In Nunavut, these conditions have
resulted in territory-wide water shortages, which are
expected to intensify by 2050 (Medeiros, 2024). Climate
change is also threatening the already strained integrity

of community water systems. Due to warming conditions,
the active layer of permafrost, which consists of the layer
of topsoil that thaws during the summer and freezes again
during fall, has deepened in many parts of the Arctic. As
the active layer deepens, water pipes that were previously
held in place by permafrost begin to shift, causing pipes to
break, disconnect, and freeze underground (George, 2019).
As recently as 2019, the City of Iqaluit spent $330,000 to
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thaw frozen sub-surface water pipes (Little, 2022). As the
impacts of climate change become more pronounced, the
strain on water infrastructure is expected to intensify, with
water outages becoming ever more frequent (Swanson et
al., 2021).

Climate impacts are having similar effects on the
energy systems of Arctic communities. For communities
connected to electrical grids, permafrost thaw and
increased storm intensity are causing damage to power
lines and routine service disruptions (The Firelight Group,
2022). Communities that not connected to electrical grids
(including all of Nunavut), meanwhile, are forced to rely
almost exclusively on stand-alone diesel generators to
meet their energy needs. This is problematic, forcing
these locations to rely on imported diesel to power local
microgrids (ACEP, 2022). Energy access is also subject to
climate-induced delays that, in turn, can be exacerbated by
climate-related damage to transportation and holding (i.e.,
storage) infrastructure (The Firelight Group, 2022).

A warming Arctic climate is also a driving force
behind environmental changes that have disrupted access
to, and availability of, commercial (i.e., store-bought)
and subsistence (i.e., locally sourced, gathered, hunted,
or fished) food resources (Natcher et al., 2021). For
example, food supply chains are negatively impacted by
infrastructure damage caused by frequent extreme weather
periods (Tchonkouang et al., 2024). Changes in the Arctic
climate are also impacting terrestrial and marine wildlife
that Arctic peoples depend on for nutritional and cultural
sustenance. In coastal regions, greater unpredictability
in sea ice thickness, breakup, and freeze-up dissuade the
use of ice-edges and creates more dangerous hunting and
fishing conditions. Sea-ice retreat is also contributing to the
displacement and range contraction of some critical food
species, such as seals and other marine mammals (Meier et
al., 2014). In these and other ways, Arctic climate change
has triggered a myriad of cascading impacts that are further
threatening WEF security of Arctic communities.

Study Area

Located on the southern coast of Baffin Island,
Iqaluit is the capital and largest populated community in
Nunavut (Fig. 1). Meaning “place of many fish,” Iqaluit
has been used for centuries by Inuit during their seasonal
round of harvesting activities (Newbery, 2020; Arctic
Kingdom, 2024). However, it was not until the 1940s that
a permanent settlement was established. In 1941, the US
began construction of a network of northern airfields to
transport short-range military aircraft from North America
to Europe. With the Canadian government’s approval,
Iqaluit was selected as a suitable and strategic location for
an airbase. This airbase served as the cornerstone of the
northern air defense, and by the end of 1942, an airfield,
hospital, workshops, warehouses, and a small tent city
were constructed (Eno, 2003). In 1944, the Canadian
government purchased the airbase from the US and began

to increase its own presence in the area. This involved the
later establishment of a Department of Indian Affairs and
Northern Development (now Indigenous and Northern
Affairs) regional office, with accompanying expansion
of civilian housing and accommodations for government
employees, medical staff, and teachers (Eno, 2003; City of
Iqaluit, 2024). With new employment, education, and health
care services becoming available, Iqaluit began attracting a
growing number of permanent residents. By 1957, Iqaluit‘s
population had grown to approximately 1200 permanent
residents, 489 of whom were Inuit. Iqaluit continued to
expand, officially being recognized as a settlement in
1970 and a village in 1974 and receiving town status in
1980. Iqaluit was then selected to be the capital city of
the newly formed territory of Nunavut in 1999. By 2001,
Igaluit received its order of official status as a city (City of
Igaluit, 2024), with a population of 7429 residents (Statistics
Canada, 2022), making it the largest of Nunavut’s 25
communities.

METHODS

We conducted an online document review of public
health declarations, government policy papers, safety
guidance release, and media coverage. Our analysis was
informed by Atkinson and Coffey (1997), who characterize
documents as social facts that can be used to produce rich
descriptions of a single phenomenon or hazard event. We
also reviewed non-technical literature, such as media
reports. This literature provided valuable empirical data that
helped us identify connections, timelines, and new insights
(Mills et al., 2006). We used a systematic keywords-based
search protocol to identify the secondary documents using
Google’s web browser. Our search terms included: “Iqaluit
water crisis,” “fuel contamination,” and “food crisis.” After
a careful screening of the web-based documents that was
guided by relevance and publication date (between 2018 and
2023), we identified: 21 newspaper articles, 12 government
reports/press releases, nine peer-reviewed articles, and nine
grey literature or other. We thoroughly reviewed all of these
to construct the case study. All the selected documents were
published in English. Among the documents, the newspaper
articles and government reports specifically mentioned the
case of the Iqaluit water crisis, while the gray literature and
peer-reviewed articles focused on the effects of the climate
crisis in Iqaluit and its infrastructural vulnerability. While
the newspaper articles and government reports contributed
to developing the case study, the grey literature and peer
reviewed articles were used in the validation of the case
study.

Despite following a systematic procedure for analyzing
public documents and publications, the use of secondary
documents is not without risk, particularly in cases where
the documents obtained are incomplete or not written
objectively. In these cases, researchers should maintain a
critical eye and not assume the content is unquestionably
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reliable or unbiased (Bowen, 2009). They should look
for additional sources of evidence to corroborate or
refute divergent data sources (Stake, 1995). In our case,
this involved taking notes first-hand and observing
representatives of the Nunavut Government during a closed
session we attended at the 2024 Arctic Frontiers conference
where they offered their own interpretation of events.

Together, these sources were used to inform a
collaborative mind mapping exercise, which allowed
members of the research team to visualize the direct and
indirect cascading impacts that followed the initial crisis.
Mind mapping has been used in previous research to
stimulate discussion on the human dimension of climate
change and visualize its inter-related impacts (Eggert et al.,
2017). We developed the mind map following the synthesis
of reviewed documents, which facilitated a more critical
discussion of the multiple, integrated, and in some cases,
seemingly disconnected nature of events that transpired
following Iqaluit’s putative water crisis. A preliminary
draft was reviewed by staff members at the Nunavut
Research Institute, who critically evaluated the mind map
and provided additional information not available from
secondary sources. The explicit inclusion of emic and etic
perspectives allowed us to describe and visualize how
cascading impacts were experienced during and after the
crisis.

RESULTS
Fragility of WEF Services

While Iqaluit’s population has experienced considerable
growth in recent decades, its supporting WEF services
and infrastructure have failed to keep pace. For example,
Iqaluit’s water treatment plant was first built in the 1960s,
with most of the water and sewer lines installed over 26
years ago (Inuit Tapiriit Kanatami, 2020). Much of the
piped water infrastructure is now in a poor state, with aging
and dilapidated pipes causing frequent disruptions in water
service (Inuit Tapiriit Kanatami, 2020). Households that
are not connected to the city’s piped water system (due to
permafrost and other geographic challenges that make it
prohibitively costly or impractical to install) must rely on
trucked water services. However, truck delivery is also
subject to disruption during frequent periods of disrepair
or hazardous weather-related conditions. There is concern
that the dilapidated state of Iqaluit’s central and in-home
potable water services may hasten the spread of enteric
diseases and other waterborne diseases and pathogens
(Harper et al., 2015). Iqaluit’s water source has also become
a concern. Iqaluit’s freshwater supply is drawn primarily
from precipitation runoff that recharges water levels in the
summer, making the city susceptible to water shortages in
dry years (Bakaic and Medeiros, 2017). This has been the
case recently, as water emergencies were declared in 2018,
2019, and 2022, when Lake Geraldine, the city’s primary

potable water reservoir, dropped to historically low levels
(Venn, 2022). Increasingly, the Apex River has been used
to supplement Iqaluit’s water supply amidst shortages, but
this is considered a short-term response that cannot provide
long-term stability (Bakaic et al., 2018). Under current
water-supply conditions, water use efficiency will need to
be substantially improved, or water consumption will have
to decrease to avoid a perpetual state of drawdown (Bakaic
and Medeiros, 2017).

Iqaluit’s energy supply is proving equally vulnerable
to disruptions in supply and distribution. The Qulliq
Energy Corporation, which is owned by the Government
of Nunavut, operates Iqaluit’s diesel power plant and
is responsible for electricity generation, transmission,
and distribution (QEC, 2023). Nunavut has no shared
transmission grids between communities or with outside
jurisdictions, meaning Iqaluit (as well as every other
Nunavut community) operates as a micro-grid that is solely
dependent on imported diesel to generate electrical power.
Annually, Iqaluit imports over 60 million liters of diesel
fuel, transported between July and November, then stored
in tanks for annual use (CBC, 2017). Lacking a deep-water
port, fuel shipments are received from vessels, anchored
roughly 140m offshore, that pump fuel through a mainland
pipe to the city’s tank farm. The precarious nature of this
system poses very high social and environmental risks. As
noted by Franco Buscemi, general manager of Iqaluit’s fuel
plant, “If we ran out of fuel ... there would definitely have
to be an evacuation” (CBC, 2017:2). Further, in the case
of a spill, Iqaluit has limited capacity to respond quickly
to avoid environmental impacts on fish and other wildlife
that residents rely on for food and cultural sustenance, a
situation of grave concern to city managers and Iqaluit
residents.

If access to country foods were to be affected, residents
would be forced to rely even more heavily on imported
commercial foods. Yet, there are significant transportation
costs associated with flying commercial foods into Iqaluit,
which contribute to extremely high food costs (Naweed,
2022). Food in Igaluit can cost two to three times as much
as the national average, and recent inflation has further
increased food prices. For example, a 4.5 kg bag of potatoes
can sell for $15, a kilogram of ground beef can cost nearly
$25, and a one-liter bottle of water can cost as much as $18
(Numbeo, 2024). These conditions have contributed to
Nunavut having the highest rates of food insecurity in the
country, with roughly 50% of households being moderately
(26%) to severely (24%) food insecure (Statistics Canada,
2020). Due to these conditions, many Iqaluit residents must
rely on community food programs, including the local food
bank, soup kitchens, and community centres, to help meet
their most basic household food needs (Statham, 2012).

The pre-existing insecurities in Iqaluit’s WEF systems
made the events of 2 October 2021 even more distressing to
its residents. That’s when Iqaluit residents reported a fuel-
like odor coming from the city’s piped water system (City
of Iqaluit, 2022). After numerous reports, the municipal
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government conducted a smell test in homes and in the
city’s only water treatment plant, results of which were
inconclusive. As complaints from residents continued over
the next 48 hours, city officials collected residential water
samples that were sent to southern Canada for laboratory
testing. The results again came back inconclusive. City
officials then tested the concrete holding tank at Iqaluit’s
water treatment plant. On 12 October, tests confirmed
that a fuel contamination in the city’s water supply had
occurred (Jamal, 2022). The retested water samples from
the treatment plant also confirmed exceedingly high
concentrations of various fuel components in the city’s
water supply. At this point, and 10 days after first being
reported by residents, Iqaluit declared a city-wide state of
emergency and issued a “do not consume” water advisory
(City of Iqaluit, 2022; Little, 2022).

Upon investigation, city officials determined that the
source of contamination was an underground fuel tank that
had been installed near the water treatment plant when the
plant was built in 1962. At the time, engineers had installed
a structural void to prevent contamination. The void was
an open underground space designed to act as a barrier
between the water treatment plant and the surrounding
environment (City of Iqaluit, 2022). However, after 60
years of operation, the void ultimately failed, resulting
in a fuel contamination of the city’s water supply. Once
detected, city officials were able to isolate and bypass the
contamination point, but it took until 10 December, more
than two months after the first reports of a fuel smell,
for the “do not consume™ advisory order to be lifted, and
for Iqaluit residents to be able to resume domestic water
services, albeit with considerable trepidation.

Based on our analysis, our team found surprisingly
complex, interlinked impacts in our case study of Iqaluit,
all of which cascaded from original, climate change effects,
and which touched local water, the environment, health
care, and food systems. We describe these impacts in detail
below.

Water

The federal government, approaching the leak as a water
crisis, dispatched members of the Canadian military to
Iqaluit (Driscoll, 2021). The central responsibility of the
military was to operate a water purification system on the
Sylvia Grinnell River (Little, 2022). Once treated, potable
water was trucked to designated filling depots, where
residents could fill containers for personal use. In addition
to centralized depots, residents also gathered at the Sylvia
Grinnell River to fill containers for personal use (Tranter,
2021). It was not uncommon for long lines to form, with
residents filling anything from five-gallon containers
to buckets and pop bottles. As residents collected water
for their own personal use, individuals and community
organizations mobilized to distribute water to those in
need. Despite these efforts, many households still faced
water shortages. At particular risk were elderly, physically

challenged people, and citizens lacking motorized
transportation or support networks to access centralized
depot sites. Although members of the community worked
tirelessly to ensure those who were in need were cared
for, the situation nonetheless created considerable anxiety
among residents.

Concerns arose about using the Sylvia Grinnel River as
a water source. For example, due to the river’s proximity to
Igaluit’s airport and runway, there were concerns about the
risk of contamination from petroleum and residual runoff
from increased aircraft activity. Also, before leaving Iqaluit
in 1963, the US military bulldozed thousands of kilograms
of hazardous waste off a cliff near this same Sylvia Grinnell
River (CBC News, 2017). Previous studies conducted
by Transport Canada determined that the soil, surface
water, and sediment in the area were still contaminated
with petroleum hydrocarbons, pesticides, asbestos, and
polychlorinated biphenyls (PCBs) (CBC News, 2017). In
2017, several hundred cubic meters of hazardous material
was removed and flown south for proper disposal, but the
rest was compacted in an on-site landfill that was covered,
with a commitment by government to conduct regular
monitoring (Hossack, 2017). Notwithstanding these
commitments, Iqaluit residents remain concerned about
the impact on the environment and the associated effect
on their own health (CBC News, 2017). These concerns
were, however, set aside during the fall of 2021 by the more
immediate need for potable water.

The use of the Sylvia Grinnell River ended with the onset
of colder temperatures, which made pumping operations
difficult and posed a threat to equipment and community
safety. With local pumping and treatment efforts halted by
weather, the federal government began shipping bottled
water by air. Between October and December 2021, over
1.5 million liters of bottled water were transported by 39
chartered air flights to Iqaluit (Jamal, 2021; Tranter, 2023).
Canadian North airlines alone shipped over 900,000 liters
of bottled water (Morritt-Jacobs, 2021). Considering that
producing just one bottle of water requires between 5.2
and 10.2 million joules of energy per liter, 2000 times the
energy needed to produce tap water (Gleick and Cooley,
2009), the energy demand to supplement Iqaluit’s water
needs during this three-month period was significant.

Environment

Another residual, yet unanticipated, impact of shipping
bottled water was plastic waste. Iqaluit does not have a
recycling facility, which means much of the plastic bottle
waste was deposited into the city’s open-air landfill,
which has long surpassed its holding capacity, resulting
in a situation characterized by former mayor Madeleine
Redfern as an “environmental disaster” (McKay, 2022:4). It
took until July 2022 to transport eight shipping containers
full of plastic bottles for recycling to Montreal, thereby
preventing roughly 265m? of plastic from entering Iqaluit’s
landfill (Jamal, 2022). Yet this amount is well short of the
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total amount of plastic that was shipped into Iqaluit during
the crisis. In the absence of adequate disposal systems,
much of the plastic refuse inadvertently ended up dispersed
across the city and surrounding land and sea. Romeyn
Stevenson, chair of the Engineering and Public Works
committee, acknowledged that even the best-designed
landfills sometimes allow litter to be blown away and into
the surrounding environment, but “we [Iqaluit] have been
weirdly accustomed to allowing it to just go out onto the
ice and go out onto the road and stay in the ditch and carry
on in storms.” While communities in southern Canada have
government-funded programs for garbage cleanup, Iqaluit
receives no such support, which means the waste that enters
Iqaluit will rarely leave, unless on the outgoing tide.

Health Care

The water crisis also affected Iqaluit’s already stressed
health care system. Iqaluit was already challenged by
having the fewest staffed and operational hospital beds
per capita in Canada (NTI, 2020). Because of this, it is
not uncommon for Nunavut residents to travel outside of
the territory for health care services. However, during the
water crisis, the number of patients needing health care
outside the territory increased significantly (Somos, 2021).
Also due to the water crisis, there were concerns that proper
sterilization of surgical and health care equipment could not
be assured. This resulted in delays and rescheduling of all
non-emergency surgeries and procedures. Those in need of
more urgent care were transported to hospitals in southern
Canada at an estimated per patient transport cost of
$40,000 (Grant, 2021; Tranter, 2021). Less observable was
the anxiety and strain placed on the mental health of Iqaluit
residents. Although the government assured residents that
water was safe to use for laundry, washing dishes, showers,
and general household cleaning, Iqaluit residents had their
doubts. These doubts included distrust in members of the
local leadership who were perceived by some residents
to have mishandled the crisis when first reported; these
perceptions were later confirmed in a report released by
Nunavut’s Department of Community and Government
Services, that identified disagreements between the city
and territorial government. These disagreements resulted in
delays in enacting a response to the crisis (Tranter, 2023).

Food Systems

Since Iqaluit is serviced largely by air transport, flying
in thousands of liters of bottled water caused disruption
in the shipment of food and domestic necessities.
During this time, airlines were operating at maximum
capacity, with the delivery of bulk water supplies taking
precedence (Morritt-Jacobs, 2021). Even when families
and organizations outside Nunavut tried to assist by
sending water and personal care items to Iqaluit, the cost of
shipping was simply too prohibitive. For example, the cost
of sending $300 worth of bottled water from Yellowknife to

Iqaluit was quoted to be in excess $3000 (Morritt-Jacobs,
2021). These conditions both limited the availability of food
and contributed to considerable price inflation, which had
negative impacts on the availability of commercial foods
for Igaluit residents.

Food security was further affected by the water
advisory, which cautioned residents against using untreated
water in meal preparation. Many residents would not cook
or wash food during this time because of their concern over
contaminated water. With restrictions placed on water use,
the already high rates of food insecurity worsened. Under
these conditions, the community food bank experienced a
notable increase in users (Gallagher and Yun, 2021). During
the crisis, the Qajuqturvik Community Food Centre, which
typically served 245 residents (QCFC, 2024), was providing
meals five days a week to between 450 and 500 residents,
many of whom were young families and elderly people.
The cascading impacts described above are captured in the
mind map (Fig. 2).

DISCUSSION

Arctic climate change is having cascading impacts
across and between multiple service sectors (Cradock-
Henry et al., 2020). Because of a higher mean temperature,
which is increasing four times faster than the global
average (Rantanen et al., 2022), the Arctic is experiencing
increasing climate variability and more frequent weather
extremes (Hartmuth et al., 2023). These conditions are,
in turn, placing additional strain on the already aging and
stressed infrastructure in Arctic communities (Hjort et al.,
2022). For example, Hjort et al. (2018) estimate that 69%
of pan-Arctic residential, transportation, and industrial
infrastructure will be negatively affected by near surface
permafrost thaw by 2050.

In the case study presented here, a warming climate
induced instability in the permafrost layer between a fuel
holding tank and Iqaluit’s water treatment facility. While
the direct cascading impact, originating from energy
infrastructure, was the contamination of Iqaluit’s water
supply, a myriad of other cascading impacts ensured,
which had significant impacts on the delivery of critical
community services.

Recurring WEF Impacts

Evaluating the cause and cascading effects of the water
crisis illustrates the interlinkages between Iqaluit’s WEF
systems. Climate change will continue to reduce the
effectiveness and lifespan of Iqaluit’s critical infrastructure,
a situation that will become more pronounced as climate
change impacts worsen. In fact, since the 2021 water
crisis in Iqaluit, there have been at least two other water
advisories issued. The first occurred in February 2023,
after a break in the sewer system of the city’s legislative
building caused a sewer back flow, which contaminated the
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Cascading hazard events from interconnected water-energy-food (WEF) systems in Iqaluit, Nunavut

Iqaluit suffers from a high rate of WEF insecurity

|
Dependence on impoimd diesel for energy

insecurity

Constraints on — WEosal
1_ food preparation - :
Food bank
Increased food Underground fuel leak into water storage facility
Increasing reports of dizziness,

Legend
—= Direct impact
-------=Cascading impact

Population growih— Increasing ,  WEF resource
o Limited renewable m
lncreasmﬁg demand energy infrastructure
i ;
Housing shortage —————— High living cost | Permafrost thawing o
!
? H Low precipitation
! !
! l
Pressure Low water level
Lake Geraldine water levels facing historic low
----Limited land for expansion —-—+--—- Inadequate and deteriorating infrastructure

headaches, nausea, vomiting,=
stress and anxiety

No cIean water

i
1
|
. to wash and cook

Health  Import dependency for food

Deterioration of
health and safety

l» Hospital closure —l

Postponement of medical Patients medevac to
services (e.g., surgeries) southern cities

Transportation of water, plastic waste,

+

Bml water advisory —= Limited availability —=  Limited water delivery

Erosion of publlc trust in
local government

Shipment of 750,000
ottles of water

——  Aircraft 4|;

water purification systems and medical
equipment
Plastic waste shipped south

High cost of bottled water

Finaneial burden

Demand exceeds supply
Water distribution centre

Limited transportation

Bottied water distribution causing stress and anxiety

Collecting water from the Sylvia Grinnell River

Seasonal icing of water

!

Military assistance

Worsening food insecurity
Fish and animal health

S | sealift No plastic recycling capacity
Plastics leach into environment
Adding greenhouse gas -------==-s=zeeeceeeeeeee. Open air landfill Contaminating water resources ---------
----------- Air quality contributions to poor health outcomes ---------- Air quality ~=—— Open air burning —l

FIG 2. Iqaluit WEF crisis mind map. Note: the blue shaded section represents the general properties of climate change impacts in Iqaluit, and the white

background section explains the cascading impacts of the fuel leak.

city’s piped water system. One month later (March 2023),
the Qajuqturvik Community Food Centre discontinued
services due to a rupture of their own water pipes. In this
case, the Centre’s in-house fuel-storage tank ran dry during
the weekend, which caused pipes to freeze and rupture.
This damage resulted in the discontinuance of food services
for 450—500 residents who have come to rely on its services
(Venn, 2023). In both cases, the cascading impact of climate
change hastened subsequent disruption in community
services, which compounded existing insecurities.

While the effects of climate change on Iqaluit’s critical
WEF services are ominous, other Arctic communities
are facing similar challenges. A state of emergency was
declared in Kinngait, Nunavut, when a power outage
halted water treatment, which interrupted water delivery

services (CBC News, 2023). In the community of Arviat,
a winter storm with winds exceeding 119 km/h (the highest
ever recorded in the month of November) caused a loss of
power for four days (Taylor, 2023). During this time, the
Arviat airport was closed because of the loss of runway
lights, thereby delaying food shipments. The loss of power
also resulted in pipes freezing and bursting, which caused
flooding in public buildings and homes. The Arviat gas
station was also unable to dispense fuel, which caused
disruptions in the delivery of trucked water services,
requiring residents to ration domestic water use (Taylor,
2023). The increasing occurrence of extreme weather
events, coupled with growing populations and inadequate
infrastructure, are leading to dire conditions in many
Arctic communities (Instanes et al., 2016).
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System-based planning

We need more adaptive and anticipatory responses
to today’s climate-induced disasters. Notwithstanding
this need, WEF systems continue to be conceptualized,
regulated, and governed by separate institutions, with
tenuous coordination (Bazilian et al., 2011; Miralles-
Wilhelm, 2016). A greater understanding of the nexus
between climate change and WEF systems will be integral
to developing timely, equitable, and effective climate
change response strategies. Our case study demonstrates
just how useful these strategies would be. Yet, too often,
government responses are reactionary and fail to consider
the potential consequences, regardless of how well-intended
the responses may be. For example, during the time when
the water advisory order was in place in Iqaluit (October to
December 2021), Nunavut’s Department of Government and
Community Services spent $9 million in emergency funds,
with $6.9 million spent on bottled water alone (Tranter,
2023). While bottled water was a necessity, the cascading
impact was the accumulation and uncontrolled dispersal of
plastic debris entering the environment, which has local and
regional implications (Bergmann et al., 2022). Had city and
territorial officials conducted a full life cycle assessment of
bottled water imports (i.e., evaluating the environmental
impact over a product’s lifespan), an alternative emergency
supply chain could have been implemented (Khourchid et
al., 2024). In the absence of this, responses were typically
reactionary and aimed at fixing the water crisis without
anticipating the subsequent risk to other services. In
contrast, a scenario-planning process (a tool for exploring
potential future options) drawing on the interlinkages of
WEF systems could have been useful to avoid some of the
negative impacts experienced across sectors (Khourchid et
al., 2024).

As the impacts of climate change and its impacts
widen, well-maintained infrastructure will be increasingly
important for the continued supply of WEF services
(Khourchid et al., 2024). Conversely, failing to invest in
maintenance and upkeep ensures continued deterioration
and dilapidation of community infrastructure, which
will result in service disruptions and compounding
WEF insecurities. For example, Iqaluit receives roughly
$2 million annually from the Nunavut Government
for maintenance and improvement of the city’s water
infrastructure. However, the city has chosen to use that
funding as a subsidy to help offset the high cost of water
for residential customers. Although this subsidy was
revoked in 2017, it was reinstated in March 2024 and
resulted in residential water rates being cut by more than
half. This meant that the rate for an average single-family
home on trucked service went from $146/month to $51/
month after subsidy. For households with piped water
service, rates dropped from an average of $200 and $240/
month to $70 and $84/month with the subsidy (Pelletier,
2024). City Councilors celebrated this unanimous decision
and some, like Kyle Sheppard, encouraged Igaluit residents

to conserve as much water as possible for the health of
the city’s supply (Pelletier, 2024). Similar subsidies are
provided to offset the high cost of residential heating.
Electricity rates throughout Nunavut are among the highest
in the country due to the territory’s low population density
and the high cost of importing fuel. However, to offset the
true cost of energy, the Nunavut government spends an
estimated $60.5 million per year on average subsidizing the
cost of diesel fuel, much of which goes towards reducing
the electrical bills of low-income households (Thompson,
2018).

The subsidies provided to offset the high costs of water
and energy services are certainly justified. It can easily
be argued that, without these subsidies, Iqaluit households
could not afford these services or direct cost savings to
satisfy household food needs. Nonetheless, by choosing
to use government funding as consumer subsidies puts
critical community infrastructure and the delivery of
community services at risk. Although needed, subsidy is a
sector-specific strategy, which is contingent on government
funding. In contrast, interlinked and redundant WEF-based
infrastructural planning and development can help enhance
local resilience to climate disasters (Haji et al., 2024;
Romero-Lankao et al., 2018).

CONCLUSIONS

Arctic regions are particularly vulnerable to the
cascading effects of climate change, which will
simultaneously pose threats to WEF security. Infrastructure
damage will hinder reliable transportation and delivery
of WEF services, particularly to remote communities,
imposing significant costs to maintain, repair, or replace
existing infrastructure. Given the projected rate of climate
change in the Arctic, our aim in this study was to make
visible the interrelated impacts that occur from a hazard
event and the compounding effects placed on residents
who already experience high rates of WEF insecurity. By
highlighting the interactions that occur in WEF systems, as
well as other socio-economic and health-related impacts,
we sought to demonstrate that the events that transpired
in Iqaluit were not a water, energy, or food crisis but
rather a systems crisis that warrant equally complex and
integrated responses. Our case study of Iqaluit, where
permafrost instability resulted in a fractured fuel tank,
demonstrates that climate-induced events are rarely
sector specific. Rather, they have cascading impacts
across social and ecological systems. In Iqaluit, the fuel-
tank incident cascaded into several impacts, including
contamination of the city’s water supply, plastic waste
pollutants entering the environment, stresses on health care
systems, and compounded food insecurity among Iqaluit’s
most vulnerable residents. Less visible have been the
psychological and mental health effects brought about by
the WEF crisis, and the anxiety felt among some residents
about future crisis events. Justified or not, these conditions
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have also led to a deterioration of trust in public officials,
with concern that self-interest and institutional dysfunction
may limit effective and timely responses when the next
crisis occurs. To avoid similar outcomes in the future, we
encourage coordinated actions and policies. Systems-based
decision-making bypasses challenges like institutional
redundancies, overlap, and competing mandates.

Iqaluit is the largest community in Nunavut and, as the
territorial capital, has greater relative capacity to respond
to climate hazards than the other small and more remote
Arctic communities. Given the relatively weak state of
WEF security in northern Canada, remote communities
require coordinated policy action to increase the resilience
of WEF systems and effectively adapt to impending climate
impacts and ecological changes. We hope this case study
can be used to help inform those efforts by preparing
community leaders to anticipate how the cascading impacts

of climate change might affect WEF system services in the
future.
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