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Abstract. Household emissions, particularly from food
consumption, represent a substantial yet underutilized
component of urban greenhouse gas (GHG) emissions.
While most research focuses on national or industrial
scales, household behaviours remain underrepresented in
local mitigation strategies. Addressing this gap requires
approaches that account for both household choices and
spatial context.

This study applies a behavioural—-geospatial framework to
survey data from Québec City households to quantify and
spatialize diet-related GHG emissions. Meat consumption
frequencies were converted into emissions using food-
specific factors, and four realistic dietary scenarios were
modelled at the district level.

The results reveal substantial intra-urban disparities.
Districts with higher reported meat consumption exhibit
significantly greater mitigation potential, independent of
population size. When combined with sociodemographic
indicators such as income, the analysis highlights spatial
structuring of behaviours commonly perceived as private
choices.

By transforming survey-based behavioural data into
spatially explicit GHG information, this study expands
geospatial  analytics beyond infrastructure-based
emissions and into the domain of lifestyle-driven carbon
footprints. =~ The  proposed framework  enables
municipalities to identify high-potential districts, design
targeted interventions, and integrate eco-conscious
consumption into climate resilience and socio-ecological
transition strategies.
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change mitigation and adaptation

Keywords. GHG emissions, geospatial data, eco-
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1 Introduction

Cities are key actors in climate mitigation strategies.
However, municipal climate policies tend to prioritize
sectors where spatial data infrastructures are already well
established—such as transportation systems, building
energy performance, and waste management networks. In
contrast, food consumption—despite accounting for a
substantial share of household greenhouse gas (GHG)
emissions (Institut de la statistique du Québec, 2025;
Kauppinen et al., 2010; Wu Yan et al., 2012)—remains
largely absent from geospatial decision-support systems.
In fact, dietary behaviour is typically framed as an
individual lifestyle choice rather than as a spatially
differentiated and policy-relevant component of urban
climate action (Newell et al., 2021).

This framing is particularly problematic given that recent
sustainability research has consistently identified meat
consumption as one of the most carbon-intensive
dimensions of household lifestyles (Barthelmie, 2022;
Gaillac & Marbach, 2021). Nevertheless, most diet-
related GHG assessments are conducted at national or
global scales and rely on aggregated consumption
statistics (Crippa et al., 2021; Poore & Nemecek, 2018).
Such approaches overlook intra-urban variability and fail
to capture the spatial heterogeneity of dietary behaviours
within cities. Consequently, municipalities lack fine-
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grained geospatial intelligence to identify where dietary
transitions could yield the greatest emissions reductions
or where targeted behavioural interventions may be most
effective.

This paper addresses this gap by demonstrating how
behavioural survey data can be transformed into
actionable geospatial intelligence for urban climate
governance. It builds upon a broader behavioural—
geospatial framework developed for Québec City, in
which household GHG-reducing behaviours are analysed
spatially across multiple domains, including energy use,
transportation, waste management, and eco-conscious
consumption. Within this integrated framework, eco-
conscious consumption emerges as a critical yet
underexplored domain of climate action.

Focusing specifically on meat consumption as a
measurable and high-impact behavioural indicator, this
study operationalizes eco-conscious consumption using
data from the “Barométre de I’ Action Climatique” survey
(Champagne St-Arnaud et al., 2024). Diet-related GHG
emissions are estimated and modelled under alternative
behavioural scenarios. By spatializing these scenarios at
the district level, the paper illustrates how smart
behavioural data can be integrated into geospatial
decision-support tools to inform targeted, location-based
climate interventions.

2 Conceptual backgrounds: from eco-
conscious consumption to smart geospatial
data

In the broader research framework on which this study is
based, household emissions are understood as the
outcome of everyday behaviours shaped by socio-
economic, cultural, and spatial contexts (Faber et al.,
2012). This framework emphasizes that GHG-reducing
behaviours are not randomly distributed but follow spatial
patterns influenced by local infrastructures, services, and
districts characteristics.

Among the domains identified in this framework, eco-
conscious consumption includes behaviours related to
purchasing choices and food habits. While energy and
transport behaviours are commonly spatialized in urban
studies, eco-conscious consumption remains difficult to
translate into geospatial indicators. Diet, and particularly
meat consumption, provides a unique opportunity to
bridge this gap as behaviours are measurable through
surveys, and are strongly linked to GHG emissions
through established emission factors.

This makes diet an ideal case to demonstrate how
behavioural data can be transformed into smart geospatial
indicators aligned with the vision of actionable spatial
data.

3 Data source: The “Barométre de 1’ Action
Climatique” Survey

The analysis relies on the dataset collected as part of the
larger project investigating the spatial distribution of
GHG-reducing behaviours across Quebec City and others
Quebec Municipalicies. The “Barométre de 1’Action
Climatique” survey was conducted from October 2 to 14,
2024, and includes responses from 1,505 adult residents
across all districts (Champagne St-Arnaud, V et al., 2024).

This survey was made as part of the UrbiGES project,
which aims to develop a toolbox to help Quebec
municipalities make their “climate plan” as part of the
Quebec program named Accelerating Local Climate
Transition (ATCL).

More than 100 behavioural and socio-demographic
variables were collected and statistically weighted by
municipal district, age, gender, education level, and
household composition to ensure representativeness at the
city scale. The goal was to assess what people are
thinking, believing and doing about climate change and
what are the correlations between these three categories
and the geospatial environment. These correlations are
then mapped to produce an easy-to-use, smart geospatial
tool for the municipalities.

For this paper, we focused on food as one specific aspect
of the subjects that were surveyed. Among the behaviours
categorized  under  eco-conscious  consumption,
respondents reported the frequency of meat consumption
and their willingness to reduce it, providing the basis for
estimating diet-related GHG emissions at the individual
level. This knowledge will help us to understand the
geospatial distribution of GHG mitigation potential in
Quebec City.

4 Methodology: From meat consumption to
districts GHG

4.1 Estimating diet-related GHG emissions

As previously discussed, the GHG reduction potential
associated with dietary change can be estimated based on
individuals’ daily food consumption. In the context of
Québec City, dietary patterns can be approximated using
existing research on Québécois and Canadian food habits.
Canada’s Food Guide provides evidence-based dietary
guidelines (Government of Canada, 2026), while
provincial initiatives assess the overall diet of Québec
residents. In addition, the International Reference Center
for Life Cycle Assessment and Sustainable Transition
(CIRAIG) is developing a life cycle inventory database
for consumption in Québec, including a food component
(Patouillard et al., 2023). Similarly, the NutriQuébec
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project, a web-based longitudinal population study,
evaluates dietary habits among adults in Québec
(Rochette et al., 2024). These sources provide relevant
information on adult dietary behaviour, which can be
converted into GHG emissions using food-specific
emission factors (EFs).

The emission factors used in this study are derived from
the DataFIELD database developed at the University of
Michigan (Rose et al., 2019). Although emissions occur
throughout the life cycle of food products (production,
processing, transport, and waste), only production-stage
emissions are considered here, as this stage represents the
largest share of food-related emissions (Weber &
Matthews, 2008). While the EFs were calculated for the
United States, they are considered suitable for comparing
behavioural scenarios, as the relative differences between
food categories remain consistent.

Meat consumption frequencies from the Barométre de
I’ Action Climatique survey were converted into estimated
GHG emissions using these EFs (Rose et al., 2019),
allowing the calculation of a baseline diet-related carbon
footprint for each respondent.

To operationalize the model, four representative dietary
scenarios were defined:

e Meat at every main meal (even distribution across
meat types)

e Meat once per day (lower red meat relative to
poultry)

e Low-meat diet (low-carbon meats a few times per
week, no beef)

e  Vegetarian

A weekly GHG footprint was estimated for each scenario.

Breakfast was excluded, resulting in 14 main meals per
week (Table 1).

Table 1. Composition of different weekly diets imagined - 14
meals per week (without breakfast)

Beef | Pork | Poultry Veoetarian
(times | (times | (times (i Ii es per GHG footprint
per per per weekl; (kgCO2e/year)
week) | week) | week)
Diet 1 4 4 6 0 1500
Diet 2 2 1 4 7 900
Diet 3 0 1 2 11 400
Diet 4 0 0 0 14 330

The calculated GHG footprint enabled comparison
between different diets (Table 1). These results were then
matched with the results from the barometer, to estimate
the GHG reduction potential in different Quebec districts,
using two different scenarios explained after.

To use the barometer results, we focused on the question
“Do you, or do you intend to, reduce your meat

consumption”. Possible answers were “I already do”, “I
intend to do it during the next year”, “I have no intention
of doing it” and “I can’t in my situation”. The assumption
made for the following results was that people that
answered they were not already reducing their meat
consumption were classified as having diet 1.

Then, two behavioural change scenarios were modelled in
each Quebec districts:

e Meat consumption reduction scenario: modelled by
the reduction potential if people currently considered
having diet 1 changed to diet 2

e  Vegetarian diet scenario: modelled by the reduction
potential if people currently considered having diet 1
changed to diet 4

These scenarios allowed us to estimate the GHG reduction
potential at the city level scale.

4.2 Spatial aggregation

Individual results (from the barometer) were aggregated
at district level to produce geospatial indicators
representing current diet-related GHG emissions and
potential GHG reductions under each scenario.

These indicators were mapped to reveal the spatial
distribution of dietary emission patterns across Quebec
City’s districts (Les Riviéres, Beauport, Charlesbourg, La
Haute-Saint-Charles (LHSC), Sainte-Foy-Sillery-Cap
Rouge (SFSCR) and La Cité-Limoilou).

4.3 Data and Software Availability

Relevant data from the survey are not available due to
ethical restrictions; However, they are described in the
referenced papers. The other data are available in the
public databases which have been referenced.

5 Results: Spatial heterogeneity of dietary
emissions and mitigation potential

Dietary patterns represent a significant component of
household greenhouse gas (GHG) emissions in Québec
City. Examining their spatial variability is essential for
identifying where behavioural change could generate the
greatest environmental benefits. A spatial perspective
enables the targeted identification of districts in which
dietary transitions may contribute most effectively to
climate mitigation.

Figure 1 presents the district-level GHG reduction
potential under the first dietary scenario. The results
reveal substantial disparities across Québec City. LHSC
exhibits the highest estimated reduction potential,
whereas SFSCR and les Riviéres show the lowest.
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Figure 1. Map presenting the GHG reduction potential in each of the 6 districts of Quebec City for scenario 1.

Authors:
Maryam Naghdizadeganjahromi,

Marius Le Maréchal,

Sebastien Bruno

Design team:

Colline bault, Saint-Gabriel-d ier
Vale'ria‘ng Champagne-Saint-Arnaud,
Katherine Labonte,

Stéphane Roche

May 2025 N

Lac-Beauport

Shannon v Charlesbourg

Les Riviéres La Cité-Limoilou }

Potential gain - t eq. COxfan

36000 - 40900
41000 - 45800

46000 - 50900
51000 - 62000
Quebec[ ]
District

Municipality [ _ |

Sainte-Foy-Sillery-Cap-Rouge

Lévis

Saint-Augustin-de-Desmaures £
<
o 1 2 4
UNIVERSITE 4 FO 208 i me st et
e Units : meters
Scale : 1:130 000
Lower right : 71°6"15"0 46°43'58"N
Projeted coordinates system : NAD 1983 MTM 7

T prefoct s Lt WEn he Anancil sugport
afthe Gevernmert of Carac:.

UrbiGES Canada

Figure 2. Map presenting the GHG reduction potential in each of the 6 districts of Quebec City for scenario 2.
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These findings indicate that dietary behaviour—often
treated as a non-spatial lifestyle choice—displays
identifiable geographic patterns comparable to those
observed in domains such as transportation or residential
energy use.

Figure 2 illustrates the results for the second scenario.
While the spatial pattern remains consistent—LHSC
shows the highest reduction potential and Les Rivicres
and SFSCR the lowest—the magnitude of reduction
differs. Overall, the second scenario yields higher GHG
reduction potentials, highlighting the sensitivity of
emissions outcomes to the degree of dietary change.

SFSCR and La Cité-Limoilou are among the most
populated districts but exhibit comparatively low
reduction potential.

The income distribution further illustrates spatial
heterogeneity: LHSC has the highest proportion of
higher-income households, while SFSCR and La Cité-
Limoilou show lower shares. These patterns suggest that
dietary emissions and their mitigation potential are
influenced by behavioural and sociodemographic factors,
rather than population size alone.
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Figure 3. Correlation between population, GHG reduction potential and part of households earning more than

60 000$CAD/

Figure 3 explores the relationship between district
population (purple scale) and GHG reduction potential
(red scale), with pie charts indicating the proportion of
households earning more than CAD$ 60,000 annually.
This is based on the median household income in Quebec
city in 2021 (Statistics Canada, 2023). Household income
was included as a sociodemographic variable potentially
associated with consumption behaviour. The results
suggest that population size alone does not explain the
spatial distribution of reduction potential. For instance,
LHSC demonstrates the highest GHG reduction potential
despite having a relatively low population, whereas

6 Discussion

This study provides a concrete application of the broader
behavioural-geospatial framework by demonstrating how
eco-conscious consumption can be operationalized
through dietary behaviour and integrated into geospatial
decision-support systems. Spatializing diet-related GHG
emissions enables the identification of geographically
differentiated mitigation potentials and supports the
design of district-specific climate interventions. By
intersecting reduction potential with sociodemographic
variables, the analysis allows for the exploration of
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relationships between spatial context and behavioural
patterns.

As highlighted in the results, La Haute-Saint-Charles
(LHSC) exhibits the highest GHG reduction potential
despite having a relatively low population. This pattern
can be explained by higher reported meat consumption
frequencies within the district, combined with a limited
intention to reduce consumption according to the
Barométre de I’Action Climatique survey (72%). In
contrast, La Cité-Limoilou, although more densely
populated (approximately 20% more than LHSC), shows
a substantially lower reduction potential (approximately
25% less). These findings suggest that consumption
behaviours commonly framed as “private choices”
display identifiable spatial structuring.

Income distribution further contributes to explaining this
pattern. LHSC has the highest proportion of higher-
income households, and previous research indicates a
positive association between income level and meat
consumption (Andreoli et al., 2021; Barros & Wilk, 2021;
Wiesli, 2025). Given the relatively higher cost of meat
products, income may act as an enabling factor for more
carbon-intensive diets. However, this relationship is
context-dependent and may weaken in post-materialist
settings, where cultural and social values increasingly
shape consumption practices (Doyle & Richardson,
2025). These findings underscore the importance of
integrating social science perspectives into geospatial
climate analytics to better understand behavioural drivers
and identify context-sensitive intervention strategies
(IpBC/GIECo, 2025).

By converting survey-based behavioural data into
spatially explicit GHG estimates, this study demonstrates
how private consumption patterns can be incorporated
into public climate planning tools. Scenario modelling
further enables the anticipation of potential emissions
reductions under alternative dietary transitions. In doing
so, the approach extends geospatial analytics beyond
infrastructure-based emissions and into the domain of
lifestyle-driven carbon footprints.

More broadly, the framework enables municipalities to
identify districts with higher dietary mitigation potential,
spatially target awareness campaigns or food-related
initiatives, and integrate food consumption into climate
resilience and socio-ecological transition strategies. The
study illustrates how non-traditional spatial data
sources—such as behavioural surveys—can become
actionable components of urban climate intelligence
systems.

7 Conclusion

Dietary behaviour—particularly meat consumption—
constitutes a significant yet underutilized lever for urban
GHG mitigation. By applying a geospatial behavioural
framework to survey data from residents of Québec City,
this study demonstrates that diet-related emissions can be
spatially quantified, mapped, and modelled using realistic
behavioural scenarios.

The findings reinforce the importance of integrating eco-
conscious consumption into geospatial decision-support
systems and highlight the potential of smart behavioural
data to support municipalities in designing targeted,
district-level climate interventions. By making lifestyle-
driven emissions spatially explicit, the approach broadens
the scope of wurban climate analytics beyond
infrastructure-focused domains.

Future research could refine the emission factors by
incorporating full life-cycle assessments, thereby better
reflecting the Québec context. Additionally, dietary
scenarios could be further calibrated to local consumption
patterns using detailed datasets such as those generated by
the NutriQuébec project. Such improvements would
enhance both the methodological robustness and the
policy relevance of geospatial dietary emission
modelling.
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