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Abstract. Through the combination of interdisciplinary thematics studied on the territory of Nunavik
by the OHMi Nunavik, the socio-ecosystem is considered with a focus on the urban context of
northern Quebec. Since only a few decades, urbanity (in the geographical sense of the word) is a
major change in Nunavik, impacting the traditional indigenous ways of life, geocultural images, food
availability and suYciency, opening new needs regarding energy self-suYciency, and being impacted
by hazards and vulnerability various situations. Therefore, we propose here a reflexive input on the
recent urban development and complexity, based on the results of four research projects running since
2015–2017 within the framework of the OHMi Nunavik, Nuna, Niqiliriniq, Siqiniq and Kinngaq.
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1. Introduction

Although it is an oxymoron to speak of the urban Arc-
tic, the question is very real today. Cities are mul-
tiplying on the northern edge of the ecumene, the
Earth habitable by human. This is a real challenge for

⁄Corresponding author

arctic land-use planning, which, whatever the scale
and scope of the process, has de facto led to a trans-
formation of the traditional arctic socio-ecosystem in
Nunavik (Northern Quebec) and other areas. This is
a recent phenomenon for the Indigenous people of
the Canadian Arctic who were still nomadic or semi-
nomadic half a century ago, moving from camp to
camp according to the season by dogsled or boat.
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Nunavik (“the great land” in Inuktitut, the Inuit lan-
guage) is located in the northern part of the Quebec
Province (north of the 55th parallel).

Within the traditional nomadic Inuit universe,
colonial trading posts were the first fixed points along
the coast. From this archipelago of anchor points,
the Cold War generated two urban nucleii: Kuujjuaq
and Kuujjuarapik, bridgeheads of the Distant Early
Warning Line (DEW Line), a line of pre-warning radar
stations laid out along the Canadian-American Arctic
[Rousseau, 1968]. The last third of the twentieth cen-
tury was a period of transition, imposing a sedentary
lifestyle on the Inuit in fits and starts with the con-
struction of villages, until 1986 with the creation of
the last community, Umiujaq. Known as “New Que-
bec” (from 1912 to 1986), Umiujaq was the subject of
successive proactive development policies. Between
the beginning of the Cold War, when the first villages
were established, and 1986, when the last village was
created—in less than thirty years—fourteen “north-
ern villages” were built ex nihilo along the coast
and main rivers, sedentarizing Inuit (and Cree, and
Naskapi) society in Nunavik.

The disruptive event that was selected for the cre-
ation of the International Human-Environment Ob-
servatory (in french Observatoire Hommes-Milieux,
OHMi) Nunavik is the 2011 Northern Plan [Decaulne
et al., 2020], which represents a tipping point towards
a real momentum of development and the growth of
the Inuit population that is transforming the tradi-
tional socio-ecosystem. The urbanization that has
been “built from scratch” as a result of the transfer
of a model imported from the “south” is gradually
being absorbed into the indigenous northern socio-
ecosystem. Yet, if there is urbanization, having been
imposed in just a few decades, can we speak of ur-
banity, i.e., of an Inuit urban experience? In her doc-
umentary “If Time Permits”, Inuit artist Élisapie Isaac
recalls the desire to live in the city that led her to emi-
grate from Salluit to Montreal: “I took the risk of leav-
ing, the immensity of the ice and land oppressed me”
[Isaac, 2003, 1504200]. Two years ago, a teenager from
Kuujjuaq [Huctin et al., 2022] explained that, in her
opinion, Kuujjuaq—the Nunavik capital, population
2,700 in 2021—is not a city, because there is no con-
stant Internet access and no traYc lights.

This paper focuses on the contributions of OHMi
Nunavik to the study of the transformation of this tra-
ditional indigenous arctic socio-ecosystem by rapidly
expanding urbanization. OHMi is an integrative

research program that studies the complex, systemic
issues inherent in the emergence of urbanization in
terms of territorial, energy, food and hazard muta-
tions and adaptations. It proposes a global approach
to be articulated with holistic Inuit thinking, which
was faced with the urban fact and has since tried
to take hold of it. This integrative perspective on
the urbanization process in Nunavik revolves around
the pivotal notions of urbanurbanity or “urban fact-
urban eVect” [Desbiens, 2017] in an indigenous con-
text within the world system, as Nunavik has also en-
tered what Chenorkian [2020a] calls the “Anthropo-
sphere”.

The urban issue, as addressed within the interdis-
ciplinary framework of OHMi Nunavik, will be pre-
sented first and Nunavik’s urban expressions (facts
and eVects) will be developed through a considera-
tion of OHMi Nunavik’s research programs.

2. The interdisciplinary system of the human-
environment observatory and the urban
environment in Nunavik

The Laboratoire d’Excellence (LabEx) framework on
interdisciplinary research on Human-Environment
Interactions (DRIIHM) includes thirteen Human-
Environment Observatories as of 2023, eight in
France and overseas (OHM) and five international
observatories (OHMi). OHMi Nunavik includes vari-
ous thematic research projects, selected by the OHMi
Board of Directors and by regional government rep-
resentatives from the Quebec Arctic. Although the
socio-ecological framework of OHMi, the North Plan,
confirmed the urbanization of Nunavik in 1986, the
urbanization issue is not the subject of any specific
research project within the OHMi Nunavik. This
issue is addressed here as a cross-cutting research
subject, which puts into perspective the complemen-
tary nature of the research results obtained within
OHMi Nunavik’s integrative matrix. Several research
projects conducted at this observatory since 2014 are
remobilized here, insofar as they contribute, through
their interdisciplinarity, to a reading of the urban
phenomenon as a visible sign of the transforma-
tion of the traditional socio-ecosystem: resilience
of indigenous territoriality (Nuna research project),
food self-suYciency and greenhouses (Niqiliriniq
research project), energy self-suYciency (Siqiniq),
slopes and hazards (Kinngaq).
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2.1. OHMi Nunavik: an integrative research
matrix for the study of indigenous urban
complexity

In the Anthropocene era and during its acceleration
[SteVen et al., 2015], understanding complexity in a
“single EcoSystem – Single ES” [Chenorkian, 2020b,
p. 280] such as Nunavik requires “joint and conver-
gent approaches to ES that interact (Environmental
Sciences, i.e., earth, life, human and social sciences)
and [. . . ] a systemic study process, i.e., one that takes
into consideration the objects involved and their or-
ganization, and the nature and dynamics of the inter-
actions they develop between them.” [Chenorkian,
2020b, p. 279].

The thirteen observatories constitute critical case
studies, expressions of “anthropized sites hit by a ‘dis-
rupting event’ which has upset the ecological, eco-
nomic and social balances that have developed over
decades in the local socio-ecological conditions”
[Chenorkian, 2020a, p. 292]; “[. . . ] a ‘social-ecological
framework’, which is the socioecological context of
the place, a ‘disrupting event’, which disrupts it,
and a ‘focal object’, the product of the first two el-
ements” [Chenorkian, 2020b, p. 280; Chenorkian,
2020a, p. 294] constitute the OHM ternary.

For OHMi Nunavik (Figure 1), the relevant disrup-
tive event is the North Plan (2011), a mega-program
for the economic development of Quebec’s far North
over a 25-year period launched by the Jean Charest
government in Quebec City in 2011. At the time of its
launch, however, the 2011 North Plan aroused a great
deal of emotion and opposition [Simard, 2017, p. 284]
due to the postcolonial context in Nunavik, leaving
little room for local indigenous consultation. The po-
litical tribulations of the 2011 North Plan prompted
an immediate reaction, leading to the creation of an
Inuit action plan in 2014: the Parnasimautik Plan
[Administration Régionale Kativik (ARK), 2014]. Sim-
ilarly, in 2020, the Quebec government scaled back
some of its ambitions with a new, more measured
northern action plan, proposed over a probationary
period from 2020 to 2023. Although the 2011 ref-
erendum on self-determination proved to be a neg-
ative initiative, the “march towards Nunavik self-
government” is the cornerstone of the new Makivik
government and its President, whose “main interest
is to help my Inuit family control its own develop-
ment” [Pélouas, 2022, p. 8].

Figure 1. OHMi Nunavik ternary components
related to the LabEx DRIIHM vocabulary, to-
gether with the main issues targeted.

OHMi Nunavik aims to better understand the cu-
mulative impacts of the 2011 North Plan and its suc-
cessors, including the Parnasimautik Indigenous re-
port [Decaulne et al., 2020]. However, it is impor-
tant to emphasize that this disruptive event for OHMi
Nunavik is the result of a more global process (Fig-
ure 1), linked to the joint acceleration of demogra-
phy and sedentarization since the 1950s that has pro-
foundly transformed the Inuit relationship to the ter-
ritory and prefigured its urbanization.

To ensure that OHMi Nunavik resonates with in-
digenous communities, the name Tukisik (Tukisiga-
suaqatigit: Understanding together) was adopted by
the local partners as a translation of its more com-
plicated acronym. This “knowledge-sharing” name
in Inuktitut—the Inuit language—highlights the re-
search eVort in partnership with Nunavik’s indige-
nous peoples; it counters the notion of unilateral ob-
servation, denied in this territory that massively re-
jects domination from the South. As a result, OHMi
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Nunavik has been set up as part of a multilateral
partnership that includes French (CNRS) and Quebec
(Centre d'Etudes Nordiques, CEN) research institu-
tions collaborating with Inuit scienti�c and political
institutions (Kativik Regional Government, Makivik
Corporation and its Research Centre). Through this
goal of co-constructing research, OHMi Nunavik is
engaged in the indigenization and decolonization
of research in the Arctic environment [Smith, 2021,
RadcliVe, 2017]. Scienti�c projects are evaluated by
a Franco-Quebec-Inuit committee and approved by
Nunavik authorities (Kativik Regional Government,
Makivik Corporation), which “aims, in a process of
reciprocal knowledge, to co-create and value local
scienti�c knowledge and know-how in order to better
understand and raise awareness of the Arctic socio-
ecological system at di Verent scales and for di Ver-
ent audiences (Indigenous people, Euro-Canadians,
scientists, political decision-makers and the general
public).” [Decaulne et al., 2020, p. 3].

By integrating academic and indigenous ap-
proaches to the co-production of knowledge, OHMi
Nunavik adopts the integrative “global ecology” ap-
proach [Chenorkian, 2020a, p. 294] in both senses of
the term: on the one hand, the integration of diverse
scienti�c disciplines around projects that respond
to issues identi�ed by Inuit communities [Decaulne
et al., 2020]; and on the other hand, through the
integration of di Verent players from di Verent cul-
tures (researchers–inhabitants–political decision-
makers, Western dualist culture and indigenous
holistic culture). Beyond the scienti�c and applied
research that meets the expectations of Inuit society,
OHMi Nunavik aims to “advise political or economic
decision-makers and social participants as fully as
possible when they come to make their choices. In
this way, the OHM position researchers within soci-
ety” [Chenorkian, 2020a, p. 294], in synergy with the
inuit new health research framework (Inuit Tapiriit
Katanami) signed with the Government of Canada
in 2018, and the Memorandum of Understanding
signed between OHMi and the Kativik Regional
Government, the Makivik Research Centre in 2016.

2.2. The urban in Nunavik, through the prism of
some OHMi research projects

The various research projects carried out by OHMi
Nunavik help create greater understanding and

unravel the complexity of socio-ecosystems dis-
rupted by the founding event, the North Plan. This
vast development plan helped to establish and de-
velop the urban phenomenon at the forefront of
the sedentarization process completed in 1986 (see
above). OHMi Nunavik's research has been con-
ceived within a panarchic model that considers the
diVerent temporalities that express themselves on a
territory, as well as the multiscalar nature of di Verent
processes that question both the local and the global
[Decaulne et al., 2020].

In this sense, the urban phenomenon is part of
a complex system that OHMi Nunavik can help to
describe and interpret. Quoting Jacobs [1993], who
saw the city as a complex but organized whole, Des-
biens [2017, p. 152] states that: “even if they are
much smaller in size (than American cities), the
northern villages of Nunavik also present such com-
plexity” (translated from French). This Arctic ur-
ban complexity is the product of colonial history, dif-
ferent settlement phases, mobilities including tra-
ditional nomadism, and is fundamentally marked
by the cold [Vaguet, 2016, 2019]. Chartier [2020]
adds that “Nordic cities are multicultural laborato-
ries”, and refers to Zamyatin (2020), for whom the
heterogeneous character of these Nordic cities is con-
ducive to “the possibility of the emergence of new
geocultural images that link experience, culture and
climatic conditions [. . . ]. The `insular' character of
northern cities thus makes it possible to de�ne one-
self in relation to the territory and in opposition to
the rest of the world, which is more densely popu-
lated.” [Chartier, 2020, p. 28, translated from French].

This complexity of the urban will be investigated
here through the prism of various OHMi Nunavik re-
search projects (Figure 2), which, as part of an inter-
disciplinary dialogue initiated by the various teams,
aim to decompartmentalize the research conducted
in “enlightened disciplinarity” [Chenorkian, 2020b]
and articulate it around the urbanity issue.

Thus, the rapidly expanding Inuit urban phe-
nomenon involves a combination of two processes
inherent to sedentarization: �xity (in contrast to
the seasonal mobility of nomadism) and population
concentration (in contrast to the dispersal of camps).
Cause and eVect relations generate another process,
that of adaptation to a new way of life and the up-
heaval of mobility. Itinerant mobility by dog sled or
boat has been largely replaced over short distances
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Figure 2. Interdisciplinary and thematic com-
plementarity between four OHMi Nunavik
projects to examine the impact of the urban in
Nunavik's socio-ecosystem.

by snowmobiles, quads and 4 £ 4 vehicles, and over
long distances by airplanes between villages and
connections with the South [Joliet and Chanteloup,
2020].

It is worth noting that in just over thirty years, an
archipelago of fourteen coastal urban communities
has been created from scratch (today numbering be-
tween 400 and 2700 inhabitants). They are connected
by air travel, as arctic physical conditions make it im-
possible to build roads between them. Reciprocally,
these new forms of mobility are transforming territo-
riality between generations, as well as between fam-
ilies, according to each individual's networks, stan-
dard of living or professional and family activities
(Nuna project). This urban archipelago (as well as the
extraction of natural resources) supports and is com-
plemented by the protection of nature, with the de-
velopment of a matrix of national parks anchored to
the villages of Nunavik (Nuna project).

These renewed territorialities take place in an en-
vironment that is itself subject to major changes,
such as climate changes that have led to increased
avalanche risks threatening urban extensions (Kin-
ngaq project). Finally, every urban core is based
on energy dependence or autonomy (Siqiniq project)
and food self-su Y ciency (Niqiliriniq project).

To fully understand the complexity of the ur-
ban phenomenon in Nunavik, as studied in OHMi
Nunavik's research projects, we approach the phe-
nomenon through a diachronic analysis of urbaniza-
tion (urban facts) and urbanity (urban e Vects).

3. Urban fact in Nunavik

The urban phenomenon in Nunavik is presented on
two scales of space and time: its diachronic constitu-
tion on the territory of Nunavik, and the current com-
ponents of the northern village. It is then presented
through two OHMi research programs focusing on
the notion of risks faced by urban development, and
the notion of energy and food sovereignty inherent in
the development of urban greenhouse farming.

3.1. Urban fact constitution in Nunavik

The urban process that has been developing in
Nunavik since the mid-twentieth century is a recent
phenomenon that has been co-constructed by com-
bining external Euro-Canadian state impulses and
Inuit adaptation (Figure 3). Inspired by Desbiens
[2017], the urban fact is de�ned here as the morpho-
logical characterization of the urban archipelago and
its typical urban core.

Breton and Cloutier [2017] identify three phases
in the socio-spatial organization of urban develop-
ment in Nunavik. Each of these phases saw the emer-
gence of new facilities and services, shaping today's
urban landscape. The �rst phase, from 1960 to 1975,
accelerated the sedentarization of families residing
near trading posts and certain services implemented
by the federal and provincial governments. Semi-
permanent infrastructures were created [Roy, 1971]
by a federal program of one-room `matchbox' hous-
ing, launched in 1959. The international context of
the Cold War extended certain services in alignment
with military resources such as airports and commu-
nity radios [Brière and Laugrand, 2017].

The second phase, from 1975 to 2000, was marked
by the James Bay and Northern Quebec Agreement
(JBNQA). This phase led to the emergence of Inuit in-
stitutions such as the Makivik Corporation and the
Kativik Regional Government. The JBNQA created
fourteen municipalities and their municipal coun-
cils, with a land regime organized into three cat-
egories of land ownership and associated rights,
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Figure 3. Rapid evolution of Nunavik's urbanization process since the 1950s, leading to globalization, as
Nunavik Inuit are closely related to Inuit Nunangat (Canadian Inuit: from west to east Nunavut, Nunavik
and Nunatsiavut) and pan-Arctic Inuit (aggregating Alaska and Greenland Inuit), and all other southern
countries.

including Category 1 that was reserved for the urban
location of new villages. In 1981, the federal govern-
ment transferred the housing stock to the manage-
ment of the Société d'Habitation du Québec. The
latter then modernized housing with dedicated ser-
vices. These developments extended the municipal
model of southern Quebec into the north.

The third phase identi�ed by Breton and Cloutier
[2017] began in the 2000s, when development was
taken over locally. The 2000s saw the creation of the
Kativik Municipal Housing Bureau, which managed
93% of Nunavik's housing stock. At that time, hous-
ing consisted mainly of social housing. Parallel to
this, the Makivik corporation set up a Construction
Division to help develop the Inuit housing stock. The
Land-Use Committees were established to promote
local involvement in the development of municipali-
ties and villages.

The work of OHMi Nunavik shows that a fourth
phase could be added to the three previously iden-
ti�ed: with the introduction of the North plan in
2011, the existing socio-system experienced a trans-
formation that continues to this day. Its voluntarist
development policy, the massive investments asso-
ciated with it and the counter-plan proposed in re-

sponse to the Inuit (Parnassimautik) have generated
strategies of adaptation, resilience and new aspira-
tions. This current period suggests that the urban
fact and the indigenous urban e Vect may be in sync
or out of sync, thanks to self-determination based on
a quest for cultural, food, energy and environmen-
tal sovereignty, to which the OHMi Nunavik has re-
sponded with a number of research projects.

At the level of each urban entity, the typical
urban pattern imported from the South is trans-
posed to Arctic conditions and adapted to commu-
nity lifestyles by the Inuit. This pattern is currently
characterized by:

² coastal location and stilt architecture. The
ground and climate do not allow running wa-
ter to be incorporated into the dwellings. The
fourteen villages were built on the coast or a
few kilometres back along the larger coastal
rivers close to Indigenous camps (as was also
true of trading posts).

² dense settlement, consisting of a rental park
of single-storey double dwellings, one or
two churches (Protestant and sometimes
Catholic), a town hall, a school, a dispensary,
an oil tank, a community freezer, a general
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store (Co-op), a hotel (Co-op), an airport (Air
Inuit), a drinking water supply station, and a
�re station. The typical village is often com-
plemented by a second Northern chain gen-
eral store (heir to the Hudson's Bay Company
store).

Many more new facilities and services are being
developed, such as a youth center [Blais and Vachon,
2020, Antomarchi, 2021] or intergenerational house,
a gymnasium and skating rink (outdoor or indoor),
school transportation and a greenhouse [Lamalice
et al., 2016]. In the immediate or relative periphery,
each village has a harbor protected by riprap, one or
two roads to the harbor, an airport, a waste disposal
center, a wastewater treatment plant and basin, a
cemetery, and even mining sites and the entrance to
national parks.

The emergence of private services (grocery store,
restaurant, bar, inn) and the purchase of homes by
individuals are features of the two largest urban com-
munities: Kuujjuaq and Kuujjurapik.

For the architecture, prefabricated wood con-
struction prevails, clad in colored or varnished fa-
cades, with colored metal for the two general stores
and the �re station. With regard to urban planning,
the choice of the site and layout, as well as the orien-
tation of the buildings, respond to an evolving func-
tional logic. Openings have been enlarged, bay win-
dows have been created, and buildings and openings
are oriented towards the surrounding landscape.

The exponential demographic growth of Nunav-
immiut (Nunavik's inhabitants) has led to a major
urban and peri-urban phenomenon: peripheral ex-
pansion and de facto exposure to hazards (landslides,
permafrost subsidence, avalanches and landslides),
studied by the Kinngaq research project. The deploy-
ment of a greenhouse network and an ad hoc energy
resource in the villages is a second original urban fact
that the Siqiniq and Niqiliriniq scienti�c projects are
investigating.

3.2. Assessing the vulnerability of urban develop-
ment and deploying greenhouses

3.2.1. Monitoring and anticipating arctic risks and
urban vulnerability in Nunavik

The emergence of urban development in Nunavik,
and a fortiori its sprawl over an open territory, is

accompanied by its corollary, the emergence of the
notion of risk in the face of the multiplication of �xed
developments (Kinngaq project). This is an impor-
tant bifurcation in Nunavik's socio-ecosystem. Risk
is understood here in its general sense as the conse-
quence of a natural hazard in a population, its infras-
tructure and its territory, depending on the vulnera-
bility of the society and territory concerned [Léone
and Vinet, 2006]. The appearance of �xed, peren-
nial stakes, such as villages and all associated anthro-
pogenic constructions, is an essential element of the
new vulnerability of the Nunavik population, which
has become urban even though it lives in “small”
villages [from 209 to 2754 inhabitants according to
Statistics Canada 2016, in Duhaime et al., 2021].
Natural hazards are not new elements in the Inuit
landscape; the work of Veilleux et al. [2020], Bhiry
et al. [2019] and Decaulne et al. [2018] demonstrate
that slope processes, for example, have been active
on Nunavik's slopes since the start of the last major
deglaciation, which began between 8500 and 6000 BP
depending on the speci�c location in Nunavik. How-
ever, until the 1950s, the Inuit populations that had
been living in the Arctic for around 6000 years, and
in Nunavik for around 4500 years [Bhiry et al., 2021],
were nomadic. They moved in small family groups
between summer camps that were located in the val-
leys drained by the small coastal rivers (up to around
40 km from the coast) and winter camps located on
the coast or nearby islands, depending on their needs
(Figure 4A) Each of the camps brought together only
two to three families. From the 1800s onwards, Hud-
son's Bay Company trading posts were monopolies
that established the fur trade (mainly in the form
of bartering), and became general retail stores after
1870. The transition to Inuit sedentarization began
through the dependence that developed between In-
digenous peoples and the Euro-Canadians who of-
fered manufactured goods (Figure 4B), which led to
a contraction of the space covered by the Inuit pop-
ulations [Heyes, 2007]. However, while the trading
posts were attractive and tended to unite the popula-
tion that settled nearby, the traditional way of life was
maintained until the 1950s to 1970s. It was then that
the various villages were successively created (Fig-
ure 4C) in a process that lasted until 1987 when Umi-
ujaq, the fourteenth and last village, was assimilated
as a “northern village” [Kativik Environmental Qual-
ity Commission, 2009].
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Figure 4. The contraction of Nunavik's population over the past two centuries or so, from the dispersal of
Inuit camps (A—wintering on the coast and summering in retrolittoral positions) to the growth of trading
and commercial posts (B), then sedentarization in the 14 present-day villages along the coastline (C)
[modi�ed from Heyes, 2007; Archives of Manitoba].

The work of Grenier [2022] and Grenier et al.
[2023] focuses on the weather conditions preceding
the onset of avalanches at Umiujaq, pinpointing the
periods of greatest potential danger for tra Y c on the
portion of the trail most likely to present a hazard
to winter or spring tra Y c at the foot of the slope. It
is therefore the trail leading from the village to Lake
Tasiujaq that represents a major concern for tra Y c
around Umiujaq, which is used by local populations
to access traditional activities on the territory (�sh-
ing, hunting, trapping on the shores of the lake and
adjacent waterways). This road is all the more im-
portant for tra Y c and access to the “land”; it further-
more represents the gateway to Tursujuq National
Park, created in 2013 and used by tourists on their
way to “nature” activities.

The notion of risk, as it relates to slope processes
and avalanches in particular, is even more visible
in Kangiqsualujjuaq. In the early hours of 1999, the
village was devastated by an avalanche that partially
buried the gymnasium where villagers were celebrat-
ing the New Year [Decaulne et al., 2021]. This event
forced a spatial reorganization of the community,
which had to retreat from the slope at the foot of
which dwellings and activities had been established
since the village's creation and initial expansion
(Figure 5).

Geomorphological studies on the slopes of the
central islands of Lake Wiyâshâkimî, in the south-
western part of Nunavik, highlight the importance

of evidence of avalanche activity on slopes cor-
responding to current dynamics [Decaulne et al.,
2018]. These �ndings are reinforced by the results
of work by Veilleux [2019] and Veilleux et al. [2020],
concluding similar avalanche dynamics from mor-
phometric analyses of slope deposits near Umiujaq.
Through the analysis of images from self-triggering
cameras, Veilleux et al. [2021] revealed the frequency
of avalanche processes during winter and spring,
linked to the breakup of a summit snow cornice
on the slopes near the village of Umiujaq. The
avalanche deposition zone occasionally comes dan-
gerously close to the road when avalanches have a
long travel distance [Veilleux et al., 2021].

3.2.2. Arctic experimentation with greenhouses and a
speci�c local energy source

The aim of greenhouse farming is to enable
Nunavik communities to grow their own food and
strengthen their food self-su Y ciency, while reducing
their dependence on imported foods [Lamalice et al.,
2016]. In this remote and isolated region, fresh plants
are indeed scarce and expensive, or even totally ab-
sent for part of the year. Greenhouse farming thus
makes it possible to produce fresh vegetables lo-
cally that have a higher nutritional quality than pro-
cessed or canned foods, while limiting greenhouse
gas emissions linked to transport.

The greenhouse concept (Figure 6A) does have
one drawback, however. It is a model “imported”
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Figure 5. The development of Kangiqsualujjuaq illustrated from the late 1950s to the present day; as the
area grew during the 1960s and 70s, buildings, initially built on the riverbanks, multiplied at the foot of
the slope; the avalanche of 1999 triggered a spatial reorganization that re-exploited the riverbanks and
valley �oor (original watercolor by Orsane Rousset, 2021).

from the milder climate of the south, and therefore
poorly suited to Nunavik, since the growing season
is only about four months, from late May to late
September.

The Siqiniq projects led by OHMi Nunavik were
developed to study the thermal behavior of green-
houses and identify avenues for improvement. A
measurement campaign (June 2016 to May 2018) ini-
tially showed that the growing season was reduced
due to too low temperatures at night, while para-
doxically daytime temperatures could be very high
(even too high) and require ventilation [Piché, 2021].
This initial observation led to the design and instal-
lation of an energy storage system that it is based on
a unique low-tech approach using simple technolo-
gies, local material and human resources. The sys-
tem is based on rock beds placed beneath the culti-
vated areas, which are elevated in a manner that fa-
cilitates the work of the gardeners, but also isolates
the soil from the ground (Figure 6C,D).

A comparison of the growing seasons before and
after the system was installed showed a reduction

in the temperature amplitude inside the greenhouse
(i.e., a better decoupling between the greenhouse's
internal and external climates), as well as an increase
in the growing period [Piché et al., 2020].

This work to adapt the greenhouse was con-
strained by the need to preserve the existing struc-
ture, i.e., a conventional temperate-zone greenhouse
that is not optimal for cold climates. There are, how-
ever, structures that are much better adapted to these
climates, such as Chinese greenhouses (Figure 6B),
also known as “passive solar greenhouses”: these are
structures specially designed for cold climates that
can be an interesting alternative to greenhouses im-
ported from the south, which are not adapted to
Nunavik's climatic conditions. These greenhouses
are designed to maximize the use of solar energy
while minimizing heat loss. In particular, they have a
sloping south face to enable better sunlight capture.
The main advantage of Chinese greenhouses is their
ability to store heat on sunny days, thanks to the ther-
mal mass of the north wall, which acts as a heat ac-
cumulator. This heat is then redistributed at night
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Figure 6. Energy adapted to greenhouses in Kuujjuaq. (A) Outside view of the community greenhouse,
built in 2021; (B) principle of a Chinese greenhouse [from Cao et al., 2019]; (C) inside the greenhouse
before and (D) after installation of the thermal storage system (photos from Paul Piché, 2020).

to maintain an optimum temperature inside the
greenhouse, reducing the need for an additional
heating source.

The integration of renewable resources (wind and
solar) is also a way of extending the growing season
and working toward energy autonomy, by enabling
supplementary heating (solar thermal) or by provid-
ing the electrical consumption essential for ventila-
tion, for example [Kumar, 2022]. It is also possible to
implement longer-term (seasonal) storage strategies
to store surplus summer energy and further extend
the growing season [Giordano et al., 2021].

The Niqiliriniq project has demonstrated that
greenhouse farming represents an opportunity to
diversify the diet and produce fresh, high-quality

vegetables locally, while reducing dependence on
imported food [Lamalice et al., 2018]. However,
for this practice to be adapted to northern climatic
conditions, it is necessary to develop greenhouses
specially designed for these regions, that consider
the constraints associated with cold, wind, snow
and low winter light. The development of this type
of northern greenhouse farming therefore requires
speci�c research and technological development, as
well as consideration of traditional knowledge and
practices of local populations in terms of cultivation
and natural resource management.

In this way, the Kinngaq, Siqiniq and Niqiliriniq
projects have provided relevant data to meet the ur-
gent needs of northern villages, particularly in terms
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