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Abstract

A lack of access to healthy food has been a problem for low-income residents in many
developed urban areas. Due to travel time and additional transportation costs, these resi-
dents often opt for unhealthy food rather than nutritious alternatives. This study examines
the spatial distribution of food deserts in Mississauga—one of Canada’s most populous
cities and a city with one of the highest diabetes rates in the Province of Ontario. Network
analysis was employed to map the geographic inaccessibility to essential nutritious food,
defined as residential areas that are beyond a 15-min walking distance from grocery stores.
Socioeconomic indicators were integrated to identify and compare the regions that are
socioeconomically disadvantaged and, therefore, most affected by food inaccessibility. The
results reveal the presence of several food deserts spatially dispersed in Mississauga. The
implications of these findings are discussed, with a focus on the relationship between food
desert locations and the socioeconomic conditions of the affected residents. This study
provides a practical, replicable approach for identifying food deserts that can be easily
applied in other regions. The model developed offers valuable tools for policymakers
and urban planners to address food desert issues, improving access to healthy food and
positively impacting the health and well-being of affected populations.

Keywords: food deserts; accessibility; spatial analysis; socioeconomic indicators

1. Introduction

Access to healthy, affordable food remains a pressing challenge in many urban and
suburban settings, particularly for low-income and marginalized communities. The concept
of food deserts, which originated in the United Kingdom around the early 1990s, initially
emerged from discussions highlighting food scarcity and social exclusion within disad-
vantaged urban communities, with subsequent research refining criteria for identifying
these areas [1,2]. In North America, research has taken into account how racial segregation,
income inequality, and car dependency have shaped food landscapes in urban and rural
settings [3,4]. Other studies focused on rural communities’ distance to food providers and
affordability of food or residents’ perceptions of healthy food availability [5,6]. For resi-
dents in low-income neighborhoods, the additional time, cost, and effort required to travel
to distant food retailers often results in greater reliance on unhealthy, processed foods [7].
This situation worsens because of the increased cost of living and food insecurity [8], and
complications from growing populations in cities with surging demand, bringing about
supply—-demand questions in urban areas with existing food insecurity.
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The disparity in healthy food access has resulted in obesity and other chronic dis-
eases [9-11], such as heart attacks, strokes, and high blood pressure [12]. Brownell et al.
(2010) [13] states the cause of the United States” obesity epidemic is more influenced by
the lack of healthy, affordable food than personal responsibility. Recent literature reported
that full-service food retailers tend to leave areas with low buying power, leaving only
small food retailers that provide typically high-priced and low nutritional value options
for low-income residents [14-17].

With increases in both monetary and nonmonetary costs, like commute time to grocery
stores, low-income residents often opt for low-cost food with less nutritional value [18].
This is driven by the inconvenience of traveling further to obtain healthy food, coupled
with the ease of access to unhealthy options, particularly fast food, leading to decreased
consumption of nutritious food and increased reliance on inadequate alternatives [19]. As
a result, health issues related to unhealthy eating habits undermine health and well-being,
contributing to financial burdens faced by the healthcare system [20,21]. This is concerning
for urban centers, as studies in other Canadian cities such as Winnipeg and Manitoba have
shown that urban cores are more susceptible to the formation of food deserts than suburban
neighborhoods [14]. Thus, it is important to identify and eliminate food deserts to improve
social equality and public health.

While the term food desert is widely used in spatial and public health literature, it
has been critiqued by food justice activists and scholars for potentially oversimplifying
the structural and historical roots of food insecurity. The term food desert implies a
passive, natural absence of food, rather than acknowledging systemic disinvestment, racial
segregation, and policy-driven inequities [22-24]. Although a full exploration of these
critiques is beyond this paper’s scope, we acknowledge their importance and use the term
cautiously, focusing on the spatial dimension of food access in Mississauga.

There are few studies on food deserts in the Canadian context. Wang et al. (2014) [4]
revealed findings specific to community gardens and farmers’ markets in Edmonton,
and how they can help to mitigate food deserts. Robitaille and Paquette’s (2020) [25]
research highlighted food deserts and the prevalence of food swamps in the Gaspesie
region, which appears to be largely rural. Studies in urban cores like Toronto found direct
relations between socioeconomic characteristics and spatial profiles of food deserts [26].
Despite these insights, a significant gap remains in food desert research specifically focused
on suburban cities like Mississauga, which have distinct socioeconomic characteristics
compared to both major cities and smaller rural communities. Mississauga, Peel Region, has
one of the highest rates of diabetes in Ontario at nearly 1 in 10 adults, 40% higher than the
provincial average. It is reported that 53.6% of residents of the Peel Region are overweight
or obese, which is the biggest factor for developing Type 2 diabetes. In addition, past
studies have focused on a single socioeconomic variable/index, while this study compared
three different indicators: median total income, the Material and Social Deprivation Index
(MSDY), and the Canadian Index of Multiple Deprivation (CIMD). Different indices have
been used in the US context; however, their methods were not transferrable to the Canadian
context due to differences in data availability.

This study emphasizes creating an informative and replicable approach to identify
food deserts, especially in urban or suburban areas, by combining the spatial aspect of
healthy food outlet inaccessibility with the relevant socioeconomic status. Focusing on the
geographically inaccessible and socioeconomically deprived areas will provide insights into
the presence of food deserts, highlighting their public health significance and promoting
discourse in addressing them for the well-being of Mississauga’s citizens.
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2. Material and Methods
2.1. Study Area

Mississauga is located on the western shores of Lake Ontario within the Greater
Toronto Area (GTA) and Regional Municipality of Peel Region in Canada. Mississauga has
a population of 717,961 as of 2021, the seventh largest in Canada and the third largest in
Ontario after Toronto and Ottawa. Originally developed as a post-war suburban expansion
to Toronto, Mississauga has evolved into a large and diverse city with both suburban and
urban characteristics. It houses a large proportion of GTA’s workforce [27] and is a major
hub for economic activity.

Neighborhoods in Mississauga vary significantly in terms of built form, demographics,
and accessibility. For example, Malton, located in the northeast, is a high density, ethnically
diverse area adjacent to Toronto Pearson International Airport, while Port Credit in the
south is a historically affluent lakeside community undergoing significant intensification.
Other neighborhoods like Streetsville and Erin Mills feature low-rise, residential streets
and are less transit-connected. This diversity of neighborhood typologies—ranging from
tower-in-the-park high-rises to car-dependent subdivisions—creates distinct accessibility
challenges, particularly for lower-income and aging populations.

Mississauga represents a broader pattern of suburbanization seen in North America:
sprawling development, automobile dependence, and uneven distribution of essential
services like grocery stores [28-30]. However, it is also unique due to its size, demographic
diversity, and rapidly developing city center. Its infrastructure is still largely auto-oriented,
and despite efforts toward transit-oriented development, many neighborhoods remain
poorly connected to healthy food options via walkable routes.

In Canada, existing food desert studies have focused on the city of Toronto or GTA [26],
grouping Mississauga into broader regional studies, overlooking internal variations. This
study closely examines the presence of food deserts within Mississauga and determines
whether new conversations about food security in the city are needed. This study con-
tributes a novel case: a large, diverse, suburban Canadian city with both urban and
low-density characteristics, analyzed using a GIS-based model that integrates network
analysis with three socioeconomic indices. By doing so, it fills a critical gap in the interna-
tional literature on suburban food access and provides a transferable methodology for use
in comparable cities globally.

2.2. Data Sources and Preprocessing

Analysis was carried out at the dissemination area (DA) level, the smallest geographic
unit containing detailed Canadian census data. This unit was the preferred level to conduct
our study, as attributed socioeconomic indices are also calculated at this level. Past food
accessibility studies [26] fused socioeconomic indices such as income and store location
data to provide insights into the prominence of food insecurity. The data sources and
descriptions of the socioeconomic indices and healthy food providers are provided in
Table 1. Geographical boundaries like city boundaries, DA boundaries and residential
zones were collected from the City of Mississauga data portal.

Socioeconomic status, including education level, income, and age, is an important
consideration when investigating healthy food access, due to possible barriers [31]. Mode
of transportation is another factor when gauging travel time. Residents with low income
may lack access to cars, taking much longer to reach healthy food outlets through public
transportation with additional cost of a round trip.
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Table 1. Variables, descriptions, and data sources.

Variable

Description Data Source

Median Total Income

Pre-tax employment income value per
individual, based on 2021 census data for Statistics Canada
persons aged 15 years and over.

MSDI (Material and Social combination with principal component

Deprivation Index)

The index measures two dimensions of
deprivation, material and social, using
Canadian Census variables. This is used in
analysis (PCA) to produce a factor score Statistics Canada
between 1 and 5 to produce deprivation
quintiles, with 1 representing the least and
5 representing the most deprived areas.

CIMD (Canadian Index of and situational vulnerability. The index is

Multiple Deprivation)

An indicator capturing four distinct
dimensions: residential instability, economic
dependency, ethno-cultural composition,
calculated with Canadian Census variables Statistics Canada
and is divided into quintiles from 1 to 5,
with 1 representing the least and
5 representing the most deprived areas.

Healthy Food Providers

A point feature shapefile obtained from the
2021 Mississauga Business Directory and City of Mississauga Open Data
filtered according to the North American Catalogue
Industry Classification System (NAICS).

Lack of healthy food access due to income inequality, considering accessibility, has
been a key factor in the analysis of food deserts [3]. Research suggests that the subur-
banization of food retailers in North America and the United Kingdom has created food
deserts in neighborhoods with relatively low—average income [32]. Income quintiles are
often used to measure income-related inequalities, as it can be easily understood by and
communicated to non-technical audiences [33,34]. Vanzella-Yang & Veenstra (2021) [35]
found that families who spend more time at the bottom quartile of family income in Canada
correspond to elevated presence of longstanding illness and/or health problems. Reported
studies predominantly applied median total income as a socioeconomic index in analyzing
food deserts. This study compares a widely used indicator like income with more nuanced
indices (MSDI and CIMD), capturing a larger range of variables to identify regions that
may be more deprived and lacking healthy food resources.

MSDI is the most widely used and cited area-based socioeconomic indicator in
Canada [36], particularly useful for detecting regions with material and social inequalities
in health while also serving as a functional index for historical comparison due to its usage
dating back to 1991 [37]. It calculates two dimensions of deprivation: material and social.
Relevant variables gathered from Canadian census data utilized towards the calculation
of this index, particularly material deprivation, include the proportion of the population
aged 15 years and over without a high school diploma or equivalent; the employment to
population ratio for the population 15 years and over; the average income of the population
aged 15 years and over; the proportion of the population aged 15 and over living alone; the
proportion of the population aged 15 and over who are separated, divorced or widowed;
and the proportion of single-parent families [38]. These variables are combined using
principal component analysis (PCA) to produce a factor score that categorizes each DA into
a deprivation quintile [38]. The quintiles range from 1 to 5, where 1 represents the least and
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5 represents the most deprived areas. Past studies focused on measuring health outcomes,
like one conducted by Tege & Bell (2016) [39], suggest material deprivation outperforms
those focusing solely on income or other socioeconomic status when indicating the presence
of poverty, deprivation, and is more strongly associated with health outcomes. Thus, we
expect to identify a more refined area using this method and compare any similarities and
differences between the most deprived regions.

The CIMD has been referenced in numerous health-related studies, including similar
proximity-based studies like the research by Relova et al. (2022) [40], which identified
Health Service Areas in communities within British Columbia. Unlike the MSDI'’s two
dimensions, the CIMD can be differentiated into four distinct dimensions: residential
instability, economic dependency, ethno-cultural composition, and situational vulnerability.
Economic dependency is identified as the most relevant dimension to the level of trans-
portation access to healthy food locations. The index is calculated with these variables:
proportion of the population aged 65 and older, proportion of population in the labor force
(aged 15 and older), ratio of employment to population, dependency ratio (population
aged 0-14 and aged 65 and older divided by population aged 15-64), and proportion
of government population receiving transfer payments [41]. The CIMD is divided into
quintiles from 1 to 5, with 1 indicating the least while 5 indicates the most deprived areas.
Rent et al. (2017) [42] identified that individuals who have an increased level of economic
dependence on others often forego treatment in fear of financial risk, sacrificing their health.
The same study found increased financial dependence on others hampered one’s ability
to seek healthcare and maintain an adequate quality of life, hurting one’s self esteem,
especially when applied to the elderly population. This is highly relevant to Mississauga’s
aging population of individuals 55 and over, projected to nearly double by 2028 compared
to 2008.

Healthy food locations were extracted from a dataset containing all food outlets in
Mississauga, initially derived from the 2021 Mississauga Business Directory, and filtered
according to the North American Industry Classification System (NAICS). Specifically,
stores classified under 445,110—Supermarkets and other grocery (except convenience)
stores (n = 102), 452,910—Warehouse clubs (1 = 3), and 452,110—Department stores (1 = 11)
were included, resulting in a total of 116 potential grocery locations. To prepare for data
analysis, data points with missing values were removed from all datasets and non-spatial
data were joined with the geographic data. After verification and data cleaning, this
yielded the final dataset of 109 locations that offer a variety of fresh food produce and
nutritious food options (Figure 1). Convenience stores were excluded, as most of them do
not provide fresh produce. Our field visits confirmed that one convenience retail chain does
provide fresh produce, but with very limited options and much higher prices compared to
supermarkets. We did not include community gardens or farmers’ markets, due to the long
duration of winter in Mississauga. Studies show that the presence of a large grocery store
in a neighborhood is attributed to more fruit and vegetable servings when compared to
regions that lack them [43]. Conversely, increased geographic distance to grocery stores
was associated with poor healthy food access [44].
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Figure 1. Location of the study area (red dot)—city of Mississauga, and healthy food locations (blue
dots) in Mississauga.

2.3. Identifying Food Desert Areas

The process for identifying food deserts is illustrated in the method flowchart (Figure 2). It
considers the physical inaccessibility for socioeconomically disadvantaged groups.

In this study, geographic food deserts (GFDs) are defined as residential areas located
beyond a 15-min walk from any healthy food supplier. The 15-min threshold is widely used
in public health and planning literature as a proxy for convenient pedestrian accessibility,
particularly in urban and suburban contexts [45,46]. This threshold is consistent with
standards used in similar studies identifying walkable access to essential services such as
food, healthcare, and transit [46—48]. While some residents may be able to walk longer
distances, the 15-min benchmark reflects a realistic and inclusive standard, especially for
vulnerable groups such as seniors, individuals with mobility limitations, or households
with young children.

The areas that can be reached by a 15-min walk from or to the grocery stores (Figure S1)
were generated through a network analysis in ArcGIS. The input road network data
included sidewalks and pedestrian pathways to simulate realistic walking conditions.
Although residents could reach these food suppliers through public transportation, the
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round-trip increases food costs by adding a minimum of CAD 4.25. Driving is another
transportation mode residents can use to reach healthy food providers; nevertheless, not
all residents can afford a vehicle or are capable of driving. Therefore, this study defined
geographic food deserts (GFDs) as residential areas that are beyond 15 min” walking

distance from any healthy food supplier.

/ Food \
| Inaccessibility |
\ Mo/

Grocery
Stores

Road Networks

Network
Analysis

Buffer map for 15 minutes
walking distance to grocery
stores

2

Use Erase tool to remove
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Figure 2. Methodology flowchart.
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The map showing non-walkable areas (Figure 3a) was created by erasing the above
walkable areas from the entire study area. Since such areas include other irrelevant zones,
including industrial, commercial, and green space, the map was intersected with residential
zones, identified as another end point that residents travel from or to the grocery stores.
Figure 3b presents residential areas that are beyond 15 min’ walking distance from healthy

food suppliers, defined as GFDs.

Food deserts are socioeconomically disadvantaged areas within the GFDs that re-
quire immediate action to provide alternative healthy food options. Three socioeconomic
indicators were considered: the Material and Social Deprivation Index (MSDI), the Cana-
dian Index of Multiple Deprivation (CIMD), and median household income. Each vari-
able was classified into quintiles, with the lowest quintile being of particular interest.
Income data were further classified into two categories—above and below the median
income—providing general context and a broader perspective on economic disparities to
highlight areas where households may face difficulty accessing healthy food by highlighting

below-median regions.
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Figure 3. (a) Areas in Mississauga that are not within 15 min” walking distance from a healthy food
location. (b) Geographic Food Deserts (GFDs): Areas in Mississauga that are not within 15 min
walking distance to a healthy food location intersected with residential regions of the city.

’

3. Results
3.1. Food Deserts Based on Geographic Accessibility

Figure 3a shows areas across Mississauga outside a 15-min walking distance to a
healthy food location, including residential and non-residential zones, like Toronto Pearson
Airport in the northeast. The spatial distribution reveals that large sections of the city,
particularly in the north, experience food inaccessibility based solely on geographic distance.
Figure 3b focuses on residential areas lacking access to healthy food within 15-min” walk,
highlighting GFDs, concentrated in southwestern Mississauga.

3.2. Socioeconomic Index Maps

Figure 4a illustrates median income distribution across Mississauga, divided into
quintiles ranging from CAD 25,400 to CAD 85,000, with dark red shades representing
lower income areas and light yellow shades indicating higher income areas. Most low-
income areas are scattered in northern and western portions of the city, whereas notable
high-income clusters can be found in southern regions of Mississauga, particularly around
neighborhoods like Port Credit.

Dense, low-rise residential communities with little proximity to healthy food options
appear as common food desert locations. This can be seen through housing types like in
the northern parts of Streetsville (Figure 52) and in western regions of Malton (Figure S3).
Overall, the spatial distribution of income is uneven, with a visible income divide between
the south and rest of the city.
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Figure 4. (a) Areas in Mississauga not within 15 min” walking distance to a healthy food location
overlayed with median total income. Income data classified into quintiles where regions in the lowest
quintile are possible food desert locations. (b) Areas in Mississauga not within 15 min” walking
distance to a healthy food location overlayed with median total income. Income data are classified into
two categories: above (represented in blue) and below median (represented in orange) total income.

Figure 5 shows a different picture when considering material deprivation at the
quintile level from the MSDI index. High deprivation marked by dark red shades indicate
areas with significant material resource scarcity. A more scattered result is observed with
smaller clusters throughout the city, with highly deprived areas (dark red) predominantly
located in the northern and central regions, including parts of Malton and Mississauga
Valley. These are residential areas composed of townhouses, semi-detached, and detached
housing with little access to healthy food locations nearby. Less deprived areas (light yellow)
are more concentrated in the south, west, and southeast, especially around Lorne Park.

Figure 6 uses the CIMD to highlight economic dependency across Mississauga, with
quintiles indicating levels of reliance on social assistance and other economic support
programs. High economic dependency (dark red) is evident in the northern regions,
particularly in Malton (Figure 54), and sparsely across the central and southern regions.
Low economic dependency (light yellow) areas are in the south and southwest, including
Port Credit and Erindale. There are fewer areas rendered in a darker tone on this map, as
much of the region appears a lighter shade, depicting less deprived areas and contrasting
prior mapping methods. Still, the locations isolated in dark red align with prior maps,
albeit much more localized. These were found to be mostly higher density complexes,
except with one outlier depicted in a pocket near downtown Port Credit to be economically
deprived despite being in a more prominently affluent area.
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Figure 5. Residential areas in Mississauga that are not within 15 min” walking distance to a healthy
food location overlayed with material deprivation quintiles gathered from the MSDI. MSDI data are
classified into quintiles where regions in the lowest quintile are possible food desert locations.

3.3. Comparisons of Maps

Comparing Figures 4a and 5, a covariation exists between high MSDI deprivation and
low-income areas. In Figure 6, the pattern observed through the CIMD differs from the
MSDI and income indices. The CIMD shows a lower severity of deprived areas like Malton
and Mississauga Valley (Figure S4), while showing a higher severity in affluent areas like
Port Credit. The satellite imagery shows new-build high-density housing in Port Credit
and Streetsville (Figure S5).

Table 2 below provides area statistics, both predefined and calculated by means of
analysis from our study. Food desert locations were compared in the form of a percentage
to the total residential area within the city of Mississauga, as well as to the GFDs identified
within the city. When overlaying income data on top of GFD locations under the quintile
method, 6.00 km? were identified as food deserts, approximately 6.4% of all residential
areas, and 15.1% of GFDs. This is higher than the results yielded from the MSDI and
CIMD approaches.



Urban Sci. 2025, 9, 265 11 of 18

CIMD
Economic
Dependency
(Quintiles)

1

2

3
4
5

A

Etobicoke

iton

Mississauga
Boundary

Provi Esri Canada, Esri, TomTom, Garmin, SafeGraph
G USGS, EPA, NPS, USDA, NRCan, Parks Canada

GeoTechnologies, INcNg

0 2 4 8 Kilometers
L 1 1 1 1 1 1 1 |

Figure 6. Residential areas in Mississauga that are not within 15 min” walking distance to a healthy
food location overlayed with economic deprivation quintiles gathered from the CIMD. CIMD data
are classified into quintiles where regions in the lowest quintile are possible food desert locations.

Table 2. Statistical results of food desert areas that compare the most deprived areas by index to the
total residential area and the residential area outside of 15 min’ walking distance.

Percentage (Relative to Percentage (Relative to

Description Area (km?) . . Residential Area Outside
Total Residential Area) 15-Minute Walking Distance)
City of Mississauga 292.40 - -
Total Residential Area 93.75 100% -

Residential Area Outside

15 Minutes” Walking Distance 39.62 42.26% 100%

Below Median Income

within GDFs 16.40 17.49% 41.39%
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Table 2. Cont.

Percentage (Relative to Percentage (Relative to

Description Area (km?) : . Residential Area Outside
Total Residential Area) 15-Minute Walking Distance)
Lowest Income Quintile Area o o
within GDFs 6.00 6.40% 15.14%
Lowest MSDI (Material and
Social Deprivation Index) 2.05 2.19% 5.17%
Quintile within GDFs
Lowest CIMD (Canadian
Index of Multiple Deprivation) 1.63 1.74% 4.11%
Quintile within GDFs

4. Discussion

As unhealthy eating contributes to chronic diseases, it is important to provide accessi-
ble healthy food options for all residents. Background research on food deserts in Canada
within recent years reveals a limited selection of literature, with most studies concentrated
in major urban centers such as Toronto [49] and Montreal [50]. This study fills a gap in
investigating food deserts in a suburban city such as Mississauga and provides a replicable
method to conduct similar analyses in other regions.

4.1. Comparison of Socioeconomic Indicators

Food availability and social status are important determinants of healthy eating in
Canada [9]. The role of the physical environment or food availability is most profound in
remote or northern communities and has less impact in urban populations [9]. Nevertheless,
it disproportionately affects seniors, low-income communities, residents in high population
density neighborhoods, or residents without access to cars [4,51]. Social status not only
refers to income but also gender, age, and education [9]. Different socioeconomic indices
may capture different aspects of social status.

While median income, the MSDI, and the CIMD have been used in separate studies,
there has not yet been a study providing a comprehensive comparison of their use in food
desert analysis. The MSDI and CIMD capture other dimensions, such as dependency and
social isolation, which are not reflected by median income alone and, therefore, comple-
ment the income measure [40]. Results show that income captures the highest area of
socioeconomically deprived regions for food deserts among the three methods, while the
CIMD provided insights that were not captured by median income or the MSDI.

The Median Income approach (Figure 4a) highlights the socioeconomically deprived
areas in the city’s northern, central, and western areas. The higher-income regions are
in southern areas, such as Lakeview, Lorne Park, and Port Credit. The map identifies
areas with dense, low-rise residential settings, which are notably distanced from accessible
healthy food sources, as key areas of concern.

The MSDI (Figure 5) effectively captures areas with high material deprivation, high-
lighting those lacking essential resources and support, which can exacerbate food accessibil-
ity issues. It serves as a comparison and secondary opinion on deprived areas by specifically
utilizing the material deprivation aspect of the index. By accounting for multiple variables,
it better paints a comprehensive image of the variations in socioeconomic status between
DAs across Canada. It is of particular importance as per its track record in terms of its
validity, reliability, and responsiveness when applied to case studies on public health [52]. It
was especially shown to effectively identify variations and connections between numerous
health and social issues when properly applied. Its resulting map generally aligns with
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the one produced using the Median Income approach, but with a more refined area. The
income-based method categorizes areas purely based on economic metrics, while the MSDI
is a more comprehensive measure that considers not only economic factors but also material
deprivation. If resources are limited in establishing alternative healthy food providers, the
areas depicted in the MSDI map can be prioritized.

The CIMD (Figure 6) highlights the areas that are not captured by the other two indices,
such as in affluent areas like Port Credit. It takes into account dependencies such as age
dependency, which was ignored by the other two indices. A wealthy but retired population
resides in this area, most of whom may not drive and will need accessible and walkable
distances to grocery stores. A closer inspection identifies that the region highlighted in
dark red in the CIMD map contains a high-density condominium complex as well as stack
townhouses. Such a condominium complex may have limited parking space, signifying a
need for walkable distances to grocery stores. Similarly, the CIMD shows higher severity
of deprivation in affluent areas like Meadowvale West. In comparison with the MSDI,
which captures a broader range of deprivation factors, the CIMD focuses more on economic
reliance, which can result in differing classifications of food desert risk areas. As a result,
the CIMD map should be combined with the maps from Median Income or the MSDI to
paint a broader picture of food deserts.

Compared to other studies that typically paint a few neighborhoods or dissemination
areas of concern based on their centroids [4,12,21,26,32], our approach highlights specific
residential areas, providing a higher resolution picture for policymakers to make a decision.
Robitaille and Paquette developed a method to highlight specific residential areas that are
of similar resolution as our approach, but did not take into account of any socioeconomic
indicators [25]. Similar to other cities like Saskatoon and Regina that have long and cold
winters, in Mississauga, long walking distances between residences and grocery stores
create physical barriers for senior populations or those with less mobility [21]. The CIMD
outlines areas of concern in affluent neighborhoods due to dependencies. These areas
would have been overlooked in other approaches that mostly focus on economic factors.
By intersecting the GDFs with different socioeconomic indices, the three maps together tell
a story about which low-income residential areas, material-deprived, or high-dependency
populations may require interventions.

4.2. Insights into Food Insecurity

As food security is fundamentally intertwined with socioeconomic conditions [53],
by identifying regions with limited food accessibility within the most socioeconomically
deprived quintile, we sought to identify disproportionately affected areas. The resulting
maps reflect a number of food deserts in Mississauga where residents are disadvantaged on
a socioeconomic level. Spatially, most food desert areas are scattered throughout the city.

Malton (Figure S6), to the north of a large swath of industrial areas, shows a high-level
spatial clustering of food deserts. This is largely due to its proximity to Toronto Pearson
International Airport, which complicates access routes for residents. It is surrounded by
major highways; therefore, it is not walkable to local supermarkets for healthy food options.
This is further fueled by the surrounding industries that promote restaurants, fast food,
and other unhealthy food options to serve the needs of the workers in the region who need
a quick meal. Malton and other small pockets of food deserts in Erin Mills and Streetsville
are towards the boundaries of the city and away from the central areas, which is similar to
the findings in Winnipeg or Quebec, Canada [14,25].

Erin Mills (Figure S7) is an area with mixed housing types, such as detached and
town homes, with better road networks and public transit access. It has commercial zones
dispersed amongst the area, however unevenly, in addition to bordering a highway leading
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to certain pockets of low accessibility to grocery stores. Streetsville (Figure S8) is a historic
community with smaller detached homes and townhouse complexes. The small-scale and
pedestrian friendly landscape offers local shopping and dining options but lacks large-scale
grocery stores within walking distance for most residents.

By contrast, Mississauga Valley (Figure S9) is located around the center of the city
and has relatively good public transit options. However, grocery stores typically exist
on the southernmost edges, making it difficult for many residents to access. According
to the satellite imagery, Mississauga Valley has dense residential development, including
townhouses and condos, as well as detached homes.

As closer proximity to healthy food stores or supermarkets is associated with a higher
healthy eating index or alternative healthy eating index, it is important to provide equitable
access to healthy food [44]. Our results suggest that residents in Mississauga experience
inequitable healthy food access, which may lead to health disparities. The finding is similar
to food desert studies in other cities [17,21]. To address these issues, a few strategies may be
employed. Richardson et al. [54] reported that introducing a full-service supermarket in a
food desert improved residents” health. Alternative providers, such as community gardens
and farmers’ markets, can increase fresh food access and relieve food desert issues [4].
Nevertheless, due to the long and cold winter in Mississauga, these only provide seasonal
solutions. Some other studies considered food banks as alternative providers of nutritious
food [47]. At the time of field visits in 2021, fresh produce was not observed in the sampled
food banks; as a result, they were not included in this study. The situation may have
changed post pandemic, especially with an increasing population visiting food banks in
recent years. Future studies may explore this option.

4.3. Limitations

There are still limitations in using GIS for food desert analysis [47]. A few limitations
are present in this study. Firstly, we only gathered grocery stores within the study area.
Due to Mississauga’s proximity to nearby cities and towns, the identified food deserts near
the city boundary may be close to other healthy food options in neighboring municipalities.
Future studies may gather grocery stores that are outside of but close to the city boundary.
Secondly, we only included grocery stores or supermarkets as healthy food providers and
excluded other food sources like farmer’s markets or community gardens due to their
seasonal availability. With field trip visits to food banks, we confirmed that they either
did not offer or had a very limited fresh food selection. As a result, food banks were not
included as food sources. The food selection in food banks has begun to change and may
change in the future. The field visits to a few convenience store chains confirmed a limited
selection of highly priced fresh produce. Further studies can look into the contribution of
these food sources in alleviating food insecurity problems. Thirdly, census data comprised
25% sample data self-reported by residents, which may contain inaccurate values. In
addition, census data are aggregated and do not represent the individual level. Moreover,
census data gathered during the COVID-19 pandemic may have also had a significant role
on the calculation of the socioeconomic indicators and income for this study. Other factors
may include complications resulting from the extensive construction occurring across the
city, which may impact walking times or available routes. Fourthly, we assumed that one
store would fulfill all buying needs by shoppers, yet residents typically shop at multiple
stores. In future studies, we may consider analyzing distances to multiple stores that
offer different selections of food. Fifthly, this study did not consider other transportation
means. Some scholars highlighted other important influencing factors, such as the type
and freshness of food and the transportation factor [55]. Since our study focused solely
on walking distance, other affordable transportation methods such as biking (whether)
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and/or public transit (cost) were overlooked. Studies have shown that differences in
the mode of transportation used can affect accessibility [3,56]. However, limited by the
available data and considering the long period of winter in Mississauga, we decided to
not further analyze how different modes of transport impact the presence of food deserts.
In addition, car ownership data is not available for the study area, making it harder to
outline the specific regions that are less reliant on walking. Finally, online grocery store
options in the post-COVID-19 pandemic environment may impact residents” shopping
behavior. Nevertheless, we currently do not have accurate data of residents” preferences,
the delivery coverage, as well as the affordability of the added costs. Future studies may
incorporate these perspectives when data become available. Lastly, while this study used
spatial data to identify food access disparities, we recognize that food insecurity is not
solely a function of geographic proximity paired with aggregated social status. Future
research could incorporate qualitative data or community engagement to better capture
the lived realities and cultural context of food access in Mississauga, in line with critiques
from food justice scholars.

5. Conclusions

In Mississauga, about 42.26% of residential areas are beyond a 15-min walking dis-
tance to grocery stores. The percentages of residential areas beyond walking distance to
grocery stores and with socioeconomically disadvantaged groups are 6.4%, 2.2%, and 1.7%,
according to Median Income, the MSDI, and the CIMD, respectively. The visual inspection
suggests that the MSDI generally aligns with Median Income when determining the so-
cioeconomically disadvantaged groups that are impacted by food deserts. Nevertheless,
the MSDI presents a more refined area—a third of that outlined by the Median Income
index. The CIMD captures areas that would have otherwise been overlooked in other
indices. Food deserts are scattered throughout the city, with local clustering in Malton and
Mississauga Valley. Addressing food accessibility issues provides policy or urban-planning
implications for alleviating health disparities. Authorities may consider providing healthy
food options in these areas.
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City of Mississauga; Figure S5: (a) New build high density housing in Port Credit (b) New build high
density housing in Streetsville; Figure S6: Malton area in relation to MSDI. (b) Malton area satellite
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