Development of a Method for Risk Identification
to Optimize Geoscience-Related Costs in
Northern Contexts

GEOW.::

4F

Charbonneau L., Rioux B. et Langevin M.
Englobe, Varennes, Québec, Canada

RESUME

Le développement d’infrastructures en milieu nordique est confronté a des contraintes majeures liées au pergélisol, aux
conditions hydrogéologiques, a la topographie et aux réalités logistiques des communautés éloignées. Toutefois, les
facteurs géoscientifiques sont encore trop souvent intégrés tardivement dans le processus décisionnel, soit une fois le site
déja sélectionné. Cet article présente une méthodologie structurée d’analyse géoscientifique préliminaire visant a soutenir
le client dans le choix des sites dés les phases amont des projets. En combinant I'analyse de données existantes a grande
échelle, les visites de terrain, I'intégration des savoirs locaux et I'utilisation d’outils technologiques adaptés, I'approche
permet d’identifier t6t dans le processus les risques et le potentiel constructif des terrains. Les applications réalisées dans
plusieurs communautés du Nunavik démontrent que cette démarche contribue a réduire l'incertitude, a éviter des choix de
sites défavorables et a optimiser les codts et la durabilité des projets d’infrastructure en contexte nordique.

ABSTRACT

Infrastructure developmentin northern environments faces major constraints related to permafrost, hydrological conditions,
topography, and the logistical realities of remote communities. However, geoscientific factors are still too often incorporated
late in the decision-making process, once the site has already been selected. This paper presents a structured
methodology for preliminary geoscientific assessment aimed at supporting clients in site selection during the early stages
of project planning. By combining large-scale analysis of existing data, field investigations, integration of local knowledge,
and the use of appropriate technological tools, the proposed approach enables early identification of site-related risks and
construction potential. Applications carried out in several Nunavik communities demonstrate that this methodology helps
reduce uncertainty, avoid unfavourable site selections, and optimize both costs and long-term sustainability of

infrastructure projects in northern contexts.

1 INTRODUCTION

Site selection represents a critical step in optimizing
infrastructure  design. During site screening and
pre-feasibility studies, geotechnical and hydrogeological
conditions are often overshadowed by social,
environmental, or logistical considerations. As a result,
geoscientific analysis of potential sites is frequently
underestimated. Yet, significant reductions in construction
costs and improved project durability can be achieved by
integrating geoscientific factors at the earliest stages.

In northern contexts, these challenges are amplified by
climate change and the progressive degradation of
permafrost. Community expansion requires new land for
roads, buildings, and public services, while densification
limits available space within existing village boundaries.
Consequently, undeveloped peripheral areas must often
be considered. In such non-cadastral territories, selecting
an appropriate site becomes essential to limit risks and
ensure the long-term performance of infrastructure. The
involvement of geoscience professionals is therefore
critical to informed decision-making.

In this context, this paper proposes a structured
methodology for identifying geoscientific risks in northern
environments to support site selection and optimize overall
project costs.

2 CONTEXT
2.1 Literature review

Preliminary site assessments are a well-established
concept in the geosciences and are addressed in several
technical reference documents. In France, standard NF P
94-500 defines the preliminary geotechnical site
investigation as Mission G1 ES (Site Study), which aims to
provide an initial identification of geotechnical risks specific
to a given site. In Québec, BNQ standard 2501-500/2025
outlines a preliminary site assessment specifically intended
for geotechnical studies of building foundations and other
structures in permafrost areas. Similarly, the Canadian
Foundation Engineering Manual (CFEM, 2023) highlights
the importance of conducting a site visit (Section 5.2) prior
to undertaking a detailed geotechnical investigation.

While these standards highlight the need for early-
stage assessments, their application is generally limited to
sites that have already been selected. As a result,
geoscientific considerations are most often introduced only
after key decisions regarding project location have been
made. This practice can limit the ability to influence project
outcomes and may lead to increased risks, higher
construction costs, or suboptimal site selection.

In parallel, a growing body of literature emphasizes the
importance of integrating multidisciplinary criteria, such as
environmental, social, and economic factors, into land-use



planning and infrastructure development. Multi-criteria
decision analysis (MCDA) approaches are increasingly
used to support complex decision-making processes,
particularly where multiple stakeholders and competing
objectives must be considered. However, in many
applications, geoscientific factors are either simplified or
insufficiently represented, especially in early planning
stages.

In temperate regions such as southern Québec, where
land parcels are cadastrally defined and available space is
increasingly limited, site selection is often driven by social
and economic location advantages. Phase | environmental
site assessments are commonly performed to manage

A

environmental risks; however, geotechnical considerations
are generally overlooked at this early stage.

Although this approach can effectively guide site
selection in temperate settings, it is not directly applicable
to northern contexts, where territorial, environmental, and
logistical conditions differ markedly.

Figure 1 illustrates the distribution of Képpen climate
types in Canada. Areas shown in light grey represent
regions considered to be in a northern context,
characterized by a tundra climate (ET). Within the scope of
this article, the focus is primarily on the Nunavik region in
northern Québec. However, the elements discussed may
also apply to other regions as well.

Koppen climate type

B EF (ice-cap) | Dfa (Hot-summer humid continental) I cfe (subpolar oceanic)

[ eT (Tundra) B Dvic (Subarctic) [ ¢fb (Oceanic)

I ofc (Subarctic) B Osc (Dry-summer subarctic) [ ¢sb (Warm-summer mediterranean)

[ bfb (Warm-summer humid continental)

*|sotherm used to separate temperate (C) and continental (D) climates is -3 °C
Data source: Climate types calculated from data from WorldClim.org

B osb (Warm-summer mediterranean continental)

[ Bsk (Cold semi-arid)

Figure 1. Képpen climate zones in Canada (from https://en.wikipedia.org/wiki/Temperature_in_Canada)

2.2 Nunavik context

In most northern communities of Nunavik, the lands
occupied and used by local populations are not formally
cadastral. As a result, site boundaries are defined by the
community on a project-by-project basis, and lot
configurations may evolve over time in response to
changing community needs.

In recent years, numerous development projects have
been initiated across Nunavik, leading to increased village
densification and a reduction in available land near existing
infrastructure. Current development efforts in the region are
largely focused on enhancing autonomy, connectivity, and
sustainability. Recent projects therefore include the

deployment of fibre-optic infrastructure (EAUFON network)
to improve telecommunications, the expansion of storage
facilities operated by the Fédération des coopératives du
Nouveau-Québec (FCNQ) to strengthen food security, the
upgrading of institutional infrastructure by Kativik
llisarniliriniqg (KI) to improve access to education and the
development of new residential sectors by the Kativik
Regional Government (KRG) to address the housing needs
of communities.

The construction of new residential buildings has
become essential to address the housing crisis affecting
communities across Canada. Nunavik has experienced
significant population growth in recent years, while the
existing housing stock remains insufficient to meet current
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and anticipated demand. Data from the report “Nunavik in
Figures 2025”, indicate that Nunavik's population
increased by 16% between 2011 and 2021, rising from
12,090 to 14,045. Table 1 provides a comparative overview
of selected demographic statistics for Nunavik and for
Québec as a whole.

Table 1. Demographic statistics of Nunavik and Québec

Statistic Nunavik Québec
Birth rate 2.5% 0.9%
Dwellings requiring major repairs ~ 22% 6%
Overcrowded dwellings 18% 1%

Given the high density of development within village
cores, continued growth and the provision of adequate
services require stakeholders to increasingly turn toward
large, undeveloped areas located at the periphery of
existing settlements. As a result, the process of selecting a
viable site for a specific project becomes significantly more
complex and must be approached with particular care.

In response to these growing challenges, the Kativik
Regional Government (KRG), through its role in land use
planning and infrastructure development across Nunavik,
has progressively developed an integrated approach to
support community expansion in northern environments.
Faced with increasing pressures related to population
growth, limited available land, permafrost conditions, and
the logistical realities of remote communities, KRG has
acquired experience in identifying and evaluating suitable
development areas at the territorial scale. The
methodology presented in this paper is embedded within

this planning framework and reflects the operational
experience developed in collaboration with northern
communities and project stakeholders. In this setting, the
contribution of geoscientific expertise aims to support and
strengthen the broader planning and decision-making
process implemented the region.

Although current regulatory frameworks acknowledge
the importance of preliminary geotechnical risk
assessment, they do not fully address the decision-making
challenges specific to northern projects, where site
selection itself represents a critical issue. In this context, a
gap exists between existing geotechnical investigation
frameworks and the need for proactive, early-stage
geoscientific integration into site selection and land-use
planning. The involvement of geoscience professionals is
essential to support clients and guide informed
decision-making.

This study addresses this gap by proposing a
structured methodology that combines large-scale data
analysis, field investigations, integration of local
knowledge, and multi-criteria evaluation to support site
selection in northern environments. Unlike conventional
approaches, the proposed framework explicitly positions
geoscientific analysis at the earliest stages of project
development, enabling a more effective identification of
risks, optimization of investigation programs, and reduction
of overall project uncertainty.

3 METHODOLOGY

The proposed methodology, drawing on key elements from
relevant standards and technical reference documents, is
illustrated in the flow diagram shown in Figure 2.

eReview of historical aerial photographs
_ Large-scale ePre-identification of interesting zones
literature and data

review

eReview of geological, hydrogeological and permafrost maps

Village visit with
client
representative

oSite surveys with 3D laser scanner

ePreliminary reconnaissance tour of the village
*Meeting with community representatives to discuss and visit potential sites in the village
eExtended site visits for detailed data collection

eDetailed literature review for each site identified

e|dentification of hazards and advantages for each site
eConsideration of climate change effects on permafrost conditions and water bodies
eProposition of an optimized investigation program designed to address remaining uncertainties

Figure 2. Key steps of the methodology process



3.1 Step 1: Large-scale literature and data review

The first major step of the methodology consists of
conducting a large-scale literature and data review to
understand the historical development of the village and to
define acceptable construction constraints. To this end,
mapping products developed by the Centre for Northern
Studies (CEN) constitute a key resource. When combined
with historical ~ aerial photographs  (Takuvuq),
hydrogeological maps (Toporama), and potential wetland
mapping (MELCCFP), these datasets enable the
geotechnical engineer to analyze regional conditions and
identify areas exhibiting greater potential for the proposed
project.

Priority is generally given to sites located near the
periphery of villages where bedrock is shallow and soils are
predominantly granular. Particular attention is paid to local
topography, the presence of nearby watercourses or water
accumulation areas, and vegetation types, which serve as
valuable indicators of underlying permafrost conditions.
The configuration of road networks and existing
infrastructure is also carefully assessed, as site
accessibility represents a critical issue in northern
communities, especially during severe winter storms.
Together, these observations allow for the preliminary
identification of areas of interest to be further assessed
during the site visit.

3.2 Step 2: Village visit with client representative

The village visit represents a critical component of the
methodology, as it provides direct insight into actual site
conditions prior to final site selection. Accompanied by a
client representative, the geotechnical engineer typically
spends a few days in the community to complete the
necessary evaluation activities.

1. A preliminary reconnaissance of the village is
conducted to observe the broad areas identified
during the large-scale review. This step helps refine
the understanding of site conditions and initiate the
elimination of locations that appear unsuitable for
project construction.

2. Through the client, a meeting is organized with
community representatives, most often members of
the local Landholding Corporation (LHC) or Northern
Village (NV), who are responsible for land allocation.
The purpose of this meeting is to present the
proposed project, including its scope, infrastructure
type, and schedule, and to ensure alignment with the
community’s development plans. Supported by
village maps, potential sites are discussed in light of
information gathered during earlier stages. When
possible, joint site walks are conducted, allowing for
open discussion, consideration of alternative
locations, and clarification of site conditions
throughout the year. By the end of this process, two
to three sites with strong potential are typically
identified and accepted by the community.

3. The objective then becomes to collect as much
detailed information as possible for each selected site
within the available time frame. Extended site visits

are carried out, similar to surface mapping exercises,
to document key attributes, including:
a. Site dimensions and configuration;
b. Location within the village;
c. Availability of road access and utility networks;
d

Current land use (e.g., storage, -cultural
purposes);

e. Site and surrounding topography;

f. Surface conditions  (vegetation, soils,
bedrock);

g. Surface water features on and near the site
(water accumulation areas, streams, lakes).

4. Finally, detailed surveys are completed using a
tripod-mounted 3D laser scanner. This equipment
enables rapid acquisition of high-density coloured
point clouds, with measurement rates of up to two
million points per second, while advanced HDR
imaging simultaneously produces high-resolution
360° spherical images. Unlike drones, which can be
difficult to operate in high-wind conditions, the 3D
laser scanner can be used under most weather
conditions. The resulting realistic 3D models can be
explored using dedicated software, allowing project
stakeholders to gain a detailed understanding of site
conditions. In northern environments, where travel is
both time-consuming and costly, such datasets
significantly reduce the need for subsequent site visits
by other professionals involved in the project. Figure
3 shows an example of a point cloud collected within
just a few hours as part of a project in Kangigsujuaq.
Each red dot represents a static data collection point.

<im @m\ i
Figure 3. Point cloud collected with the 3D laser scanner in
Kangigsujuaq (Englobe, 2024)

3.3 Step 3: Data compilation and analysis

Once back in the office following the village visit, data
compilation and analysis can begin. At this stage, the 3D
model is processed, and a detailed literature review is
completed. The primary objective is to validate and refine
the information previously obtained at a regional scale,
ensuring that it accurately reflects the specific conditions of
the selected sites. Based on this compiled information, an



analysis is then conducted to identify both the risks and
advantages associated with each site for the proposed
project. These considerations may include subsurface
conditions, site accessibility, anticipated construction
constraints, topography, as well as hydrogeological and
surface water networks. Throughout the analysis, the
impact of climate change on permafrost and the
environment is considered for each site. As the objective is
to build infrastructure that remains durable over time, it is
essential to account for the effects that global warming may
have on the foundation soils of these structures as well as
on nearby water bodies.

The compiled data can subsequently be organized into
a multicriteria analysis matrix to facilitate direct comparison
of site-specific risks and benefits. This step supports the
prioritization of the most promising sites for the project and
based on the identified constraints, allows certain locations
to be eliminated at an early stage.

For sites deemed suitable, an optimized investigation
program integrating geotechnical, hydrogeological, and
environmental components can then be proposed. This
targeted program is designed to address remaining
uncertainties and further reduce project risks. It defines the
appropriate investigation methods, which may include
subsurface exploration (boreholes or test pits), geophysical
surveys, installation of specialized monitoring instruments,
or detailed stability and avalanche risk analyses.

Overall, the methodology seeks to shift geoscientific
effort toward the early phases of project development,
where decisions have the greatest influence on project risk
management and cost optimization.

The final selection of the site to be developed remains
the responsibility of the client, in agreement with
community decisions. Once the client has selected a site,
based in part on the recommendations outlined in the
reports prepared by the geotechnical engineer, they must
submit a land-use application to the community in order to
obtain a resolution signed by the municipal council
authorizing them to proceed with the development of the
project.

At this stage, further discussions may still take place
with community representatives to address any remaining
concerns and ensure that all stakeholders have had the
opportunity to express their views regarding the project and
its potential impacts on the village.

4 EXAMPLES

The methodology described above was applied to
numerous projects carried out in 2024 and 2025 across
several Nunavik communities.

Englobe’s expertise was retained to support clients in
the selection of sites for building and infrastructure projects
in the communities of Kuujjuaq, Kangigsualujjuaq,
Kangirsuk, Quaqtaq, Kangigsujuaq, Salluit, and Ivujivik.
Figure 4 shows, in red, the location of the different Nunavik
villages included in the studies.
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Figure 3. Identification of the Nunavik villages targeted by
the studies (adapted from KRG, 2026)

The case studies presented below illustrate two distinct
contexts in which early identification of geoscientific risks
effectively guided decision-making and contributed to
project cost optimization.

41 Site selection for a new school — Village of
Kangigsujuaq

The village of Kangigsujuaq is experiencing rapid growth,
resulting in a significant increase in the demand for
educational infrastructure. In 2024, a mandate was
undertaken to identify a suitable site for the construction of
a new school requiring an area of approximately 10,000 m2.

Few options for a site of this size were available near
the village centre. However, the community, with the
support of KRG, had developed a preliminary development
plan that included a subdivision in a new area located on
the outskirts of the existing village. As a result, two main
options were considered:

1. A site closer to the village core, offering better
accessibility but constrained by topography and
existing infrastructure;

2. Asite farther from existing infrastructure, currently
undeveloped and located along the shoreline of a
lake, but offering more space and greater
flexibility for development.

The geomorphological setting of the village, bordered
by steep mountainous relief, requires particular attention to
avalanche hazards, which have affected infrastructure in
the past. Through a combination of large-scale analysis,
site visits and community consultations, it was determined
that certain areas in close proximity to the village present
significant constraints, particularly with respect to slope
stability and snow accumulation.

The more distant site, although requiring adjustments
to the community’s initial subdivision plan, offered several
major advantages from a geoscientific perspective: shallow
bedrock, favourable granular soils, gentler topography, and



greater distance from  avalanche-prone areas.
Furthermore, by the time the school is completed, a
process that typically takes several years depending on
planning procedures and required stages, the nearby
residential development area will have evolved
significantly. Although located farther from the village
centre, the new school would not be completely isolated
from the community. Consequently, this site was
recommended as the preferred option, along with the
proposal of a targeted investigation program to confirm the
anticipated conditions.

Table 2 presents a simplified summary of the
multicriteria analysis conducted for the two sites
considered for the construction of the new school. It
provides a visual and quantitative comparison of the main
factors to support decision-making. In this example, each
site is assigned a score of 1, 2, or 3 for each characteristic
depending on whether it is considered favourable or not. A
value of 1 indicates that the site is not favourable for the
evaluated criterion, whereas a value of 3 indicates that the
site is highly favourable for that criterion. A weighting can
also be assigned to the different criteria based on their
relative importance. In this example, a weighting ranging
from 1 to 3 was applied. Accordingly, a weight of 1 indicates
that less importance is given to this criterion than to another
for which a weight of 3 has been assigned.

Scores associated with logistical and social criteria are
generally assigned, or at least validated, by the client.
Criteria related to geoscience are evaluated directly by the
geotechnical engineer based on their analysis.

In the case of the Kangiqsujuaq school construction
project, the simplified matrix shows that, even though both
sites have nearly identical total scores, Site 2 performs
considerably better from a geoscientific perspective.

Table 2. Summary of the multicriteria analysis for
Kangigsujuaq sites

Characteristics Weight Site 1 Site 2

Logistical and social perspective (defined by the client)

Site configuration 1 2 3
Proximity to the village centre 3 3 1
Road access 2 3 1
Public utilities network 3 3 1
Current land use 2 2 3
Sub-total logistical and social 30 19
Geoscientific perspective (defined by the geotechnical engineer)
Topography 3 1 3
Vegetation 1 3 3
Soils/Bedrock 3 1 3
Surface water 2 2 2
Sub-total geoscientific 13 25

TOTAL 43 44

This example illustrates how a structured approach,
integrated from the early stages, can guide land-use
planning toward more sustainable and economically
advantageous solutions, even when these involve a
temporary shift away from the existing urban core.

At this stage, however, the overall quantification of
economic benefits remains difficult to assess, as the project
is still in its early phases of development. Nevertheless, it
is reasonable to anticipate that this preliminary
reconnaissance phase has already contributed to a
significant reduction in costs associated with the
geotechnical investigation.

Site 2, characterized by near-surface bedrock, is
expected to require fewer boreholes to adequately
characterize subsurface conditions, and these boreholes
will likely be of limited depth. As a result, a reduction in
drilling time on the order of 30% to 40% can reasonably be
anticipated.

4.2  Access Routes Identification — Village of
Kangiqgsualujjuaq

As part of an initial mandate to conduct a geotechnical
investigation for a new development area in
Kangigsualujjuag, the scope of the project assigned to
Englobe was expanded by the client to include the
assessment of potential access routes to the site. A
theoretical access alignment based on general,
low-resolution mapping was initially identified by the client
and the designated authority.

However, a large-scale preliminary analysis carried out
using available cartographic data and aerial photographs
revealed that the proposed alignment crossed several
major obstacles, including watercourses, extensive
wetlands, and rocky outcrops. These conditions would
have made access extremely difficult for the safe execution
of investigation works and, at the same time, indicated
significant constraints to be anticipated during construction.

Based on these findings, alternative alignments were
proposed. A site visit was subsequently conducted by the
geotechnical engineer and the lead technician to physically
assess the potential access routes, validate actual field
conditions, and identify suitable locations for geotechnical
investigations. Direct communication with the client and the
designated authority during the site visit made it possible to
present observations in real time and to adjust the work
program accordingly.

Figure 4 schematically illustrates the site conditions and
the proposed access routes identified following the site
visit.
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Figure 4. Schematic representation of site conditions and proposed access routes identified (Englobe, 2024)

This approach made it possible not only to identify more
viable access routes, but also to highlight several
problematic areas within the sectors initially considered for
development, notably the presence of large erratic
boulders and wetlands. With this information in hand, the
client and the designated authority were able to adjust the
project design in a more realistic manner before submitting
it to the community for approval.

This exercise clearly demonstrated the relevance of a
preliminary geoscientific analysis phase, both for work
planning and for the management of associated risks and
costs.

As in the previous example, the overall quantification of
economic benefits remains difficult to assess at this stage,
as the project is still in its early phases of development.
However, the identification of risks and the adjustments
made to the proposed access route are expected to
contribute significantly to cost reduction.

By proactively identifying potential constraints and
refining the access route alignment, the project team can
avoid issues that would otherwise arise during the
construction phase. At this stage of a project, costs
associated with on-site personnel and equipment, limited
response times, and necessary design modifications can
escalate rapidly.

Early identification of problematic conditions therefore
plays a critical role in mitigating these risks and is expected
to result in substantial cost savings at later stages of the
project.

5 DISCUSSION

The examples presented highlight the importance of
integrating geoscientific expertise from the very early
stages of project planning in northern environments. Unlike
traditional approaches, in which geoscience involvement
begins only after site selection, the proposed methodology
shifts the analytical effort to a critical point in the
decision-making process, where choices have a major
influence on technical risks, construction costs, and
infrastructure durability.

This study contributes to addressing a key gap in
current practice, where preliminary geoscientific
assessments are generally carried out only after a site has
been selected, and rarely used as a tool to actively guide
site selection itself. By formalizing a structured, early-stage,
multi-source approach that integrates regional data, field
observations, and local knowledge, the methodology

provides a practical framework for incorporating
geoscientific considerations into territorial planning
decisions.

Early identification of constraints related to soils,
permafrost, hydrogeology, topography, and accessibility
helps prevent the development of concepts that are
impractical or excessively costly. In northern communities,
where travel is expensive and each field campaign
represents a significant logistical investment, this approach
directly contributes to a more efficient use of resources.



Moreover, the systematic integration of local knowledge
and community stakeholders into the process is a key
component of the methodology. Exchanges with
representatives of landholding corporations and northern
villages and joint site visits not only help validate technical
data but also make it possible to anticipate land-use,
cultural, or seasonal issues that are otherwise difficult to
identify.

From an economic perspective, although global cost
savings remain difficult to quantify at early stages, the case
studies demonstrate that the identification of key
constraints and the refinement of design elements—such
as site selection or access route alignment—can
significantly reduce downstream risks. By avoiding
unforeseen construction challenges, limiting design
revisions, and optimizing investigation programs, this
approach contributes to lowering overall project costs.

Certain limitations must nevertheless be
acknowledged. The methodology relies on the availability
and quality of large-scale data, which may vary by region,
as well as on the time allocated for field visits. In addition,
although it significantly reduces risk, it does not replace a
detailed geotechnical investigation but rather aims to
optimize its scope and location.

Finally, although developed in the context of Nunavik,
this approach is transferable to other northern or remote
regions facing similar challenges related to land-use
planning, climate change, and logistical constraints. It
would, in fact, be beneficial for any construction project,
whether in northern Québec or in more temperate southern
regions, to consider the geoscientific component as early
as the project pre-feasibility stage. Client support provided
by a geotechnical engineer would likely help optimize the
site selection process and reduce the costs associated with
subsequent investigation phases.

6  CONCLUSION

Infrastructure development in northern environments
presents specific challenges, notably due to the presence
of permafrost, the sensitivity of hydrogeological conditions,
topographic constraints, and the logistical realities of
remote communities. In this context, decisions made during
the early phases of a project, particularly those related to
site selection, have a decisive impact on technical risks,
construction costs, and the long-term durability of
infrastructure.

This study addresses an important gap in current
geoscientific practice by proposing a structured
methodology that integrates geoscientific analysis directly
into the site selection process, rather than applying it only
after a site has been chosen. By shifting geoscientific
expertise upstream in the decision-making framework, the
approach enables a more proactive identification of risks
and opportunities at the territorial scale.

The methodology proposes a structured approach
aimed at the early identification of large-scale geoscientific
risks, even before the final selection of a site. By combining
the analysis of existing data, field visits, the integration of
local knowledge, and the use of appropriate technological
tools, this approach makes it possible to identify sites with

greater construction potential and to define more efficient
and better-targeted geotechnical investigation programs.

Application examples from Nunavik demonstrate that
this approach helps reduce uncertainty, avoid unfavourable
site selection, and optimize resource allocation in
environments where intervention costs are high. By
repositioning geoscientific expertise at the core of the early
decision-making process, the methodology promotes more
sustainable and economically responsible project planning
in northern regions.

Although developed within the specific context of
northern Québec communities, this approach is
transferable to other regions characterized by similar
environmental and logistical constraints. It therefore
represents a relevant tool to support public and private
decision-makers in planning resilient infrastructure capable
of addressing current and future challenges associated
with development in cold regions.

Future work should aim to further quantify the economic
benefits of early-stage geoscientific integration, refine
weighting and decision criteria within multi-criteria
analyses, and incorporate climate change projections more
explicitly into site evaluation processes.
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