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pandemic: a spatial and socio-demographic analysis
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ABSTRACT
In this research, we analyzed the delivery service areas of restaurants,
customer satisfaction, and restaurant sales of urban restaurants during the
COVID-19 pandemic. We obtained the datasets on food ordering options
and restaurant rankings based on Google Maps, Open Street Map, and
widely known online food order applications in Iran. Based on this analysis
we further modeled suitable areas for future extension of restaurants. We
analyzed the online food order data of restaurants’ sales and food delivery
reports for 1050 restaurants in the city of Tabriz. We collected and analyzed
data on the restaurant locations, the number of food orders for each
restaurant, and the number of customers and their locations. Our results
revealed that the spatial dimension of the newly emerging food delivery
areas is of utmost importance for the success of restaurants. This indicates
that an optimal location is not longer only dependent on factors like
population density and competitors in the direct vicinity but on the services
density even from more distant competitors. The results indicate that an
optimized spatial distribution of the restaurants together with efficient
quality in services can contribute to optimistic urban development.
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1. Introduction

Urban restaurants as labor-intensive services have been discussed in the literature for decades as
location-based services. Due to competition avoidance the restaurants are equally distributet as
net pattern. With market areas particularly dependent on population density restaurants in rural
areas would serve larger market areas as in densily-populated urban areas (Braun and Schulz
2012; Dock, Song, and Lu 2015). Thus socio-economic aspects like population density, customer
base and availvbale income of residents are of utmost importance for resrataurant’s success in
terms of their external environment (Mandabach et al. 2011; Agarwal and Dahm 2015). This
has, however, been challengedsince the outbreak of the COVID-19 pandemic, which affected
most societal sectors and resulted in a sharp decrease in all economic activities (Madeira, Palrão,
and Sofia Mendes 2021; Sha et al. 2021). The COVID-19 pandemic and its respective lockdowns
had significant impacts on the hospitality industry, which relies on tourism, events, and gathering
for meals outdoors. The restaurant industry was one of the hardest hit by the lockdowns with orders
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to stay at home and limit societal interactions to minimize the spread of COVID-19 (Lim 2021;
Gursoy and Chi 2020; Wang et al. 2023).

It is well understood that lockdowns may significantly affect business. When lockdowns occur,
many, if not all, business-to-business marketing businesses struggle (Lim 2023). The pandemic
also affected residents’ lifestyles and, among other factors, citizens’ dining behavior. Particularly
lock-downs and a restricted accessibility of restaurants with regard to peoples’ COVID-19 vacci-
nation and/or testing status have given rise to online food delivery, particularly in the field of gas-
tronomy. While food retail was considered as basic need and, thus, was only modestly affected by
restrictions of accessibility, gastronomy was one most affected sectors by COVID-19 containment
measures (Madeira, Palrão, and Sofia Mendes 2021). This gave rise to the already increasing
online delivery within gastronomy. Furthermore, restaurants increasingly had to adapt their
business models. Considering online food delivery, modifying, updating, pivoting, and innovat-
ing their operations in an attempt to meet the current needs of a changing customer and adapting
customer experience in the time of COVID-19 and the future will be crucial (Gavilan et al. 2021).
This has two implications: From an academic perspective the perception of restaurants as a
location-based services with space as the mere location of businesses has to be abandoned in
favor of a more complex assemsment of space. Perticularly restaurants’ delivery area will be a cru-
cial success factor for businesses, which might change the geography of restaurants. Their
location decision might not only be dependent on the avoidance of competition and the popu-
lation density in the vincinity, but on a location that might serve a large quantity of customer
by food delivery.

From a practical view point restaurants have to adapt their marketing strategies. Restaurant
managers and stakeholders need to focus more than ever on spatial marketing capabilities and
the importance of location in their decisions (Li and Hecht 2021). Here, spatial data can be
applied in the process of planning and implementing marketing decisions (Dušek 2020). Com-
bining spatial information with customer and sales information can be used to estimate the status
of the markets in different locations with various location-based applications (Yarosh 2019(. Fur-
thermore, the related information on customer decisions and demand assist manufacturers and
decision-makers in devising future economic strategies (Kellner, Otto, and Busch 2013). Custo-
mer engagement is critical in a successful business in the 21 century based on its potential to
increase consumer satisfaction and business profitability (Lim et al. 2022a, 2022b). In this context,
GIScience, as a multidisciplinary and multiparadigmatic field of science (Goodchild 1999; Blas-
chke and Merschdorf 2014) has been supporting the citizens by providing a variety of tools
and methods for location-based services such as Geomarketing. Such tools allow us to identify
and analyse spatiotemporal patterns which can then be leveraged by the citizens, decision-
makers, and authorities for a variety of applications (e.g. optimal choices, business planning,
and programs).

GIScience is already considered an efficient approach for location-based analysis, trend
assessments, and identifying spatial patterns involving a variety of variables. GIScience also
offers the means to analyze data quality and accuracy. Business and economic utilities depend
on reliable data, cutting-edge technology, and science-based decision support systems to
achieve their business goals (e.g. in the restaurant industry) (Kamil et al. 2021). It has been
claimed that the ability of GIScience to incorporate data from disparate sources, interpret it,
and present map-based knowledge to help marketing-specific decisions sets it apart from
other technologies (Omidipoor, Jelokhani-Niaraki, and Samany 2019). Recent progress in
GIScience and communication technologies and their integration resulted a new approches
in restaurant industry services. As one the main aspect, online food ordering and delivery ser-
vices which is known as online meal delivery services and referred to as such henceforth, have
received significant attention and interest over the past years (Cervigni et al. 2020; Keeble et al.
2021). Geomarketing approaches can be applied to marketing if the market is considered in
terms of spatial aspects and not just as the statistical behavior of individuals (Libório et al.
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2020). In this context, ‘Geomarketing’ can be understood as an approach that leverages GIS
and GIScience capabilities. Geomarketing builds on GIS-enabled location-based services and
can be implemented for marketing communication, pricing, market segmentation, and geo-
graphical targeting. By considering the past and present spatial demographic dataset, GIS-
based spatiotemporal analysis can be used to develop an efficient Geomarketing model for a
variety of applications, such as business development, customer satisfaction, as well as identi-
fying the local markets and their structure using the location-based capabilities of GIScience
(Zhai et al. 2015;Touzani and Van Buskirk 2016). GIS applications have been employed in var-
ious businesses to generate spatial business models to evaluate the customers and competitors
not only from the financial viewpoint but also in terms of spatial patterns and behaviors
(Habibpour, Feiizadeh, and Jabarzadeh 2021). Geomarketing techniques leads to support the
identification of optimal new places in facility allocations (e.g. opening new factories, shops,
restaurants, or expanding a chain of cafes). Geomarketing has become increasingly relevant
for many retail- and service-based businesses (Cliquet 2021). Geomarketing can thus be
used to determine the best location to establish new facilities based on where managers can
maximize the products and services provided (Briozo and Musetti 2015). Geomarketing and
the location-based services and capabilities of GIScience have been applied extensively in
the restaurant industry in recent years. The number of GIS-based apps that give the location
of restaurants, help customers navigate to them, and allow them to make online food orders
and reservations has significantly increased.

This research, therefore, investigates the online food delivery strategy of restaurant industry
in one major city in Iran where very detailed data for a majority of the restaurants as well as
detailed data on traffic, land use, demography etc are available. This study was made possible
by the high data availability due to the popularity of smartphones and location-based services
in Iranian cities, where location-based applications and programs have greatly gained in popu-
larity. A popular application is to enable food orders from home, both for take away and for
delivery. The COVID-19 pandemic intensified this trend. An increasing percentage of the
population now use location-based searches (e.g. Google Map, Snap food etc.) when planning
to buy or online order food from restaurants. According to Google reports (Google 2020),
during the year 2020 since the beginning of the COVID-19 pandemic, Google has received
many searches about ‘what restaurants are open’. According to this report, 81% of customers
searched for a restaurant from mobile devices, and 91% searched via web-based browsers. In
addition, more than 80% of the customers carried out local searches. The search data from
Google shows how searches have changed over the course of a year after the outbreak of the
pandemic. The number of online food orders and food deliveries increased significantly. In
addition, search interest for ‘food delivery’-related questions increased by 100% (Google
2020). A review of the literature indicated that most of the previous studies focused on Geo-
marketing analytics based on limited factors, such as service area and customer satisfaction,
and had limited spatial and temporal coverage (Agarwal and Dahm 2015; Zhai et al. 2015;
Zuluaga and Escobar 2017; Vos and Meijers 2019; Gursoy and Chi 2020; Wang et al. 2023).
Therefore, the primary research question in this study is ‘what are the major spatial–temporal
Geomarketing patterns of the urban restaurants in the neighborhood areas and how can these
patterns be employed for successful future expansion?’. In following this research question, the
major goal of this study is to explore restaurants’ online food delivery perfomance by analyzing
the spatial deminesion of their delivery areas and the customer satisfaction based on custu-
mers’ reviews. We will show that online food delivery massively increases the restaurants’ cov-
erage of the city, by contrasting the accessibility of rastaurants (1) within the ‘classal’ location-
based scenario and (2) within a online delivery scenario. Finally, we will draw conclusion by
means of identifying subtitle areas for future extension of restaurants baded on the latter scen-
ario. We will achieve this by applying integrated GIScinces and geomarkting approaches, based
on quantitative GIS-based data.
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2. Study area

The study area is Tabriz city, which is one of the largest cities in Iran, with about 1.8 million inhabi-
tants (Iranian Census Centre 2016). Located in the northwest of the country (Figure 1), it is one of
the most modern metropolitans in Iran. Historically, Tabriz has been an important trade center on
the silk road for decades. Nowadays, it is nationally significant as an industrial, economic, cultural,
political, commercial, and educational center (Rezaei et al. 2020). Due to its heavy industrial activi-
ties as well as tourism and commercial significance, the city increasingly developed into a multicul-
tural city (Pourmoradian 2018; Ghasemi, Karimzadeh, and Feizizadeh 2021). Thus, the restaurant
industry in Tabriz is also well developed. According to the Iranian Ministry of Health and Medical
Education (MOHME 2021), it was a prominent high-risk city since the beginning of the pandemic.
Since the outbreak of COVID-19, several phases of lockdown were implemented in Tabriz, which
significantly affected the economy of the city and, in particular, the restaurant industry.

3. Dataset

We used a variety of datasets to achieve our research objectives. According to a recent report of the
Municipality of Tabriz (2021), there are approximately 1250 restaurants in the city. Our evaluation
through food order applications and list of restaurants indicated that almost 75–85% of these res-
taurants were offering online services such as ‘take out’ and ‘food delivery’. Thus, based on the data
available from Google Maps and Open Street Map (OSM), as well as widely known online food
order applications in Iran a total of 1050 restaurants were identified and selected to be analyzed
in this study. We obtained data on the location of restaurants, the number of food orders for

Figure 1. The geographic location of the urban restaurants in Tabriz.
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each restaurant, and the anonymized customer addresses from these applications for the year 2020.
To study the services of the restaurants with urban indicators, we considered different restaurant,
demographic, land use and traffic characteristics that are explained in the following. The respective
datasets used to assess the characteristics are shown in Table 1. In addition, the GIS format of the
urban land use map and urban road network at a scale of 1/2000 were obtained from the Munici-
pality of Tabriz. We also received a monthly traffic data were from Tabriz traffic police which added
as attribute data for the urban road networks data. The land value and property data were also
obtained from the tax department of Tabriz for the year 2020 as a GIS dataset which also employed
to carry out the research objectives.

3.1. Restaurant characteristics

The culture of ordering food using various food order applications has recently become prevalent in
many cities around the world (Song, Jeon, and Jeon 2017; Park and Sin 2018). Such applications for
smartphones and desktop computers make it easy for most members of society to order food or to
take-aways. Such apps (e.g. Trip Advisor,Snap food, Changal and etc) collect restaurant properties
and customer feedback data in a database. In addition, such applications offer the option for cus-
tomers to express their satisfaction and to rank restaurants. In many parts of the world, most food
delivery services are dominated by small companies. With food delivery now also being offered by
luxury hotels and high ranking restaurants, the food delivery market is adaptable and diverse (Kim
and Kim 2019). The food delivery and take-away apps allow customers to identify the best or most
suitable restaurant in a particular neighborhood or target area. In our study, we extracted three
types of restaurant data from these applications: type of delivery service, customer satisfaction,
and restaurant sales information (based on the rank of each restaurant). To collect the restaurant
characteristics dataset, we identified all restaurants that were available on Google Maps and food
order applications. We then developed the point-based GIS layer based on the address and location
of each restaurant. We obtained the number of food orders and deliveries, as well as the customer
satisfaction score from food order apps. This information was added as attribute data for each res-
taurant and formed the basis of the evaluation model. In addition, since the customer addresses
were also available in the food order app, we were able to map the service area of each restaurant.
This information was obtained for 1050 out of the 1250 restaurants based on the availability of res-
taurant information on Google Maps and food order apps.

3.2. Demography characteristics

A rapid population increase in cities can often cause problems for resource management, service
allocation, and public health (Phumvichitkarn 2020). Conversely, areas with dense populations
are often prioritized for economic development measures and establishing additional facilities

Table 1. List of datasets and the initial resources.

Criteria Variables Resources for dataset Year

Demographic Population density (N/km²)
Education level (high, middle, low)

National census, Iranian statistics center 2016

Restaurant
characteristics

Delivery service (typ of service)
Customer satisfaction
Sale ranking

Food delivery Apps 2020

Land properties Land use
Land value, residential property value
Commercial property value

Municipality of Tabriz, Tax department of Tabriz 2020

Traffic data Accident analysis
Service area
Distance to Road

Traffic police of Tabriz 2020
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(e.g. new restaurants). From an economic perspective, population density is an important factor for
economic growth (Mohamadzadeh et al. 2020) and may directly affect the restaurant industry. A
high number of restaurants in major cities may also encourage competition based on product fea-
tures rather than price, resulting in more diversity. The effect of diversity on demand is straightfor-
ward: when a group of people with similar tastes reaches a particular size, product variety within a
city expands. This spatial correlation between population density and demands for restaurants has
been empirically confirmed by previous studies (Vos and Meijers 2019). Thus, for our study of the
city of Tabriz, we analyzed the respective demographic characteristics (e.g. population density, edu-
cation status and etc) and assessed spatial correlations. We used the latest census 2016 data on the
urban parcel level from the Iranian statistics center provided by the Municipality of Tabriz. These
data include age, gender, education and employment information.

3.3. Land characteristics

Economic development is clearly related to urban structure and urban spatial development.
Businesses must compete to grow with the environment and its economic capacity (Utomo, Rah-
mawati, and Sari 2021). In the context of the restaurant industry, urban land use patterns may sig-
nificantly impact the development of a successful restaurant business. Urban neighborhood
characteristics (e.g. residential use, trade, tourism) directly affect the urban restaurant industry.
In addition, land value is an indicator that may significantly influence the restaurant industry
and affects the availability of restaurants. Land use data can also be used to characterize the custo-
mers to some degree, as has been demonstrated in previous studies. We selected urban land use,
property and land value data and combined them with tax information that we obtained from
the tax department of Tabriz for the year 2020. It has to be indicated that the land value detrmined
based on the local tax value for each area of the city which is basically determined by the tax depart-
ment of city using the number of trade in each area as well as the computed local values.

3.4. Urban road traffic dataset

The daily movement of humans and automobiles in urban environments generate huge amounts of
valuable data, and traffic is considered to be a critical and often limiting dimension for planning
sustainable cities, particularly in developing countries or emerging economies such as Iran (Feizi-
zadeh et al. 2022). Traffic is also an important indicator for the restaurant industry. The number of
customers may decline with increased travel times to restaurants and due to heavily congested
routes. Customers tend to prefer shorter and less time-consuming routes and may choose another
restaurant if the required travel time exceeds certain thresholds. The study of human activities in
space and time has been a hot topic in transportation research (Chen et al. 2011). One of the
most important elements in the delivery of food packages from the origin (restaurant) to the cus-
tomers is considering the status of the urban transportation network and the traffic situation.
Therefore, we used traffic data as one of the related criteria for indictors. In addition, as we
aimed to identify suitable areas for possible future restaurants developments, both the time and dis-
tance that must be overcome for customers to reach restaurants were evaluated based on the urban
road traffic dataset.

4. Methodology

In this research, we employed an integrated GIS decision rules to analyse the spatial dimension of
restaurants and their application of online food delivery. We used an ensemble approach of market-
ing science and decision-making in a management sptial and location based geographic com-
ponents. GIS models can be used to integrate data from various sources with a georeferenced
database to perform various and complicated analyzes (Fan and Collischonn 2014; Dolzhenko
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2017). GIS is, therefore, suitable for the accurate spatial analysis needed for this type of market
analysis (Fan and Collischonn 2014; Peñarubia-Zaragoza, Simancas-Cruz, and Forgione-Martín
2019). We also evaluated and identified appropriate areas for new restaurants in the city of Tabriz.
Therefore, we applied a GIS-based multi-criteria decision analysis (MCDA) using the causal indi-
cators we identified (Table 1). We used data from the following four categories: demography, res-
taurant characteristics, urban road traffic indicators, and land properties. The indictors were
processed, and 13 sub-criteria were identified and analyzed using the GIS-MCDA. Figure 2 depicts
the main aspects of the research methodology.

4.1. Functionality assessment and customer satisfaction

The obtained data show that, as a result of several waves of home quarantine and the associated
limitation of restaurants to ‘take out’ services, the number of take away and delivery orders
using various apps has increased significantly during the COVID-19 pandemic. We prepared the
input data for spatial pattern analysis and collected the customer satisfaction rates of all restaurants
from Google Maps/OSM and food order apps, including Snap Food, Diba Food, Reyhoon, Gwar-
inpa and Changal. These satisfaction records include information on the food quality, prices, and
delivery satisfaction and allow the customers to rank each restaurant from 1 (min) to 5 (max)
scores. Based on the individual ranks, each restaurant receives a specific overall score between 1

Figure 2. The main steps of reserch research methodology.
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and 5 based on customer satisfaction. In addition, these applications also record the after-sales feed-
back of customers as text messages. We collected all the ranking data and text messages and added
them as attribute data for the urban restaurants.

4.2. Service area and allocation

Spatial location and neighborhood can be considered as critical indicator for success business in
urban restaurant industry (Motoyam and Usher 2021). Facility location optimization includes
the selection of a subset of candidate sites and allocating demand to chosen locations (North
and Miller 2017). Optimization modeling techniques have been developed to address a wide variety
of location-allocation problems (Laporte, Nickel, and da Gama 2015). In order to allocate services
in a geographical area, it is necessary to evaluate the demand and supply of the services. As men-
tioned, the food order apps store individual transactions, including the address and identity of the
customers for food delivery. We obtained the food order data for each restaurant along with the
customers’ addresses (without identity information) for the year 2020. We calculated the shortest
distance and the shortest possible time for customers to reach an restaurants and, likewise, the
shortest and fastest route for a delivery person to reach customers. Then, service areas for each res-
taurants could be computed based on ranges of both distance and time required for the in-time
delivery of food to customers. In addition, the location of customers extracted from population den-
sity and the number of food orders recorded by apps as customer location dataset (96,735 points)
were used as the demand while the locations of the analyzed restaurants (1050 points) served as the
supply of service information. Accordingly, we employed the ESRI Network Analyst extension and
Service Allocation tools to compute the customers’ access to the restaurants. According to the time
factor (mean time is 15 min) and distance, 90.92% of customers (94,735 points) had access to exist-
ing services.

Using road traffic data and associated analyzes to measure the required time and distance of tra-
vel has already been addressed by earlier research. The previous studies have mostly been based on
the fields of health issues and care services (, Oluoch et al. 2020), car accidents (Naboureh et al.
2019; Farhangi et al. 2020; Feizizadeh et al. 2021b), or fire station allocation and crisis management
(Aktaş et al. 2013; Akay et al. 2020). Furthermore, the use of GIS is increasingly commonly used to
determine the spatial accessibility of services based on the distance or travel time from residence to
the site of service (Cinnamon, Schuurman, and Crooks 2008). In this study, the time required to
overcome the distance between the customer’s location and the restaurants were computed and
included in the restaurants service area and Geomarketing assessment. In addition to the time
and distance factors, traffic is one of the most critical factors for delivery personnel (Amaguaya
and Hernández 2020). Therefore, we used the data received from the traffic police of Tabriz and
evaluated the traffic along the delivery routes under consideration of the appropriate timeframe
for food delivery to customers and the shortest distance between the restaurant and the customer.
The appropriate time to deliver food to customers varies between 10 and 20 min depending on the
type of ordered food (fast food versus traditional food). Therefore, the appropriate time was con-
sidered to be an average of 15 min. The shortest distance in terms of time was also determined based
on the data related to the speed limit on the streets determined by the traffic police of Tabriz. We
used the ESRI Network Analyst tool to determine the optimal path for the delivery personnel.

4.3. GIS-MCDA-based urban restaurant suitability assessment

The second objective of this study was to identify suitable areas for new restaurants in Tabriz, which
has been growing over the past decades due to its central role in industry, economy, trade, and tour-
ism in Northern Iran. To identify suitable areas for new restaurant locations, a GIS-based multi-cri-
teria decision analysis (MCDA) was used to consider the relevant criteria for the restaurant
industry. A GIS-MCDA uses relevant indicators as criteria to determine the degree of suitability
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of each area. Due to the numerous factors that influence the site selection for a restaurant from a
Geomarketing perspective, we applied GIS-MCDA techniques (Feizizadeh and Blaschke 2014;
Naboureh et al. 2019: Mohamadzadeh et al. 2020) to identify suitable areas for restaurants.
MCDA is one of the most popular decision support techniques (Feizizadeh and Blaschke 2014;
Omarzadeh et al. 2021; Feizizadeh and Ghorbanzadeh 2017).

Using an MCDA / GIS ensemble, we applied GIS tools to identify the potential of various areas
for restaurants development (Omidipoor, Jelokhani-Niaraki, and Samany 2019; Abedi Gheshlaghi
et al., 2020). Furthermore, MCDA offers techniques and algorithms for designing, evaluating, and

Figure 3. Standardized criteria employed in the MCDA process for restaurants suitability assessment including: (a) education
level, (b) population density, (c) residential property, (d) parcel area, (e) urban land use, (f) commercial property, (g) restaurants
density, (h) employee ratio, (i) traffic, (j) restaurant service area, (k) restaurant food delivery, (l) restaurant sales, and (m) restau-
rants customer satisfaction.
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Table 2. Results of ANP’s super matrix for the suitability assessment of urban restaurants (restaurants).

Criteria weights (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) Weights

Education level (1) 0.059 0.027 0.040 0.043 0.050 0.016 0.026 0.080 0.051 0.087 0.028 0.022 0.067 0.048
Population density (2) 0.023 0.282 0.079 0.032 0.050 0.055 0.052 0.038 0.040 0.062 0.067 0.113 0.067 0.057
Residential property (3) 0.027 0.264 0.018 0.036 0.098 0.018 0.046 0.089 0.051 0.038 0.051 0.037 0.042 0.091
Parcel Area (4) 0.036 0.237 0.088 0.043 0.017 0.059 0.015 0.037 0.029 0.039 0.038 0.060 0.020 0.088
Unban land use (5) 0.037 0.183 0.099 0.036 0.140 0.062 0.099 0.059 0.093 0.031 0.124 0.117 0.122 0.05
Commercial property (6) 0.059 0.051 0.039 0.122 0.019 0.039 0.039 0.108 0.051 0.027 0.049 0.027 0.042 0.024
Restaurants density (7) 0.047 0.038 0.062 0.042 0.040 0.099 0.062 0.033 0.056 0.142 0.026 0.056 0.036 0.03
Employee ratio (8) 0.086 0.026 0.052 0.028 0.041 0.041 0.034 0.038 0.055 0.055 0.055 0.055 0.062 0.06
Urban road traffic (9) 0.061 0.013 0.057 0.039 0.039 0.057 0.040 0.027 0.039 0.039 0.028 0.039 0.056 0.057
Restaurants service area (10) 0.075 0.144 0.034 0.055 0.051 0.039 0.050 0.049 0.028 0.028 0.039 0.028 0.045 0.11
Food delivery (11) 0.041 0.070 0.125 0.056 0.062 0.088 0.039 0.067 0.099 0.092 0.067 0.066 0.117 0.09
Restaurants sale (12) 0.066 0.044 0.027 0.117 0.099 0.055 0.099 0.067 0.039 0.064 0.067 0.083 0.027 0.136
Restaurants customer satisfaction (13) 0.104 0.212 0.048 0.027 0.039 0.057 0.062 0.067 0.062 0.044 0.067 0.052 0.056 0.159
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prioritizing criteria to derive the objectives of multiple task assessments such as site selection and
suitability assessments (North and Miller 2017). The MCDA is a method and a set of strategies for
ranking alternatives in order of preference, from the most to the least favorable (Omarzadeh et al.
2021).

In this study, we first determined the relevant indicators based on literature (Habibpour, Feiiza-
deh, and Jabarzadeh 2021), data availability, and the opinions of experts from the Municipality of
Tabriz and the urban planning and marketing departments of the University of Tabriz. Then, we
obtained the data from the Municipality of Tabriz, food order applications, the traffic police of Tab-
riz, and associated organizations (see Table 1). The required geometric and topological editing was
then carried out in GIS, and the relevant indicators were derived. The criteria were standardized
based on the nature of the pairwise comparison methodology, which is commonly used for rating
and standardizing ordinal values. The standardization procedure was also used to prepare all data at
the same scale suited for criterion weighting, sensitivity analysis and aggregation objectives. This
was done using fuzzy standardization functions. A fuzzy set is essentially a set whose members
can have membership degrees ranging from 0 to 1, as opposed to a traditional binary set, where
each element must have a membership degree of either 0 or 1 (Malczewski 2006; Feizizadeh and
Blaschke 2014). Figure 3 represent the spatial distribution and standardized version of the selected
criteria.

4.3.1. Criteria weighting
The criteria weighting is a critical step in GIS-MCDA that is used to determine the significance of
each indicator individually as part of the decision model (Feizizadeh and Blaschke 2012). In this
study, we employed an integrated approach of the fuzzy analytical network process (FANP),
which is an efficient criteria weighting method according to our literature review and the early
research reports (Mohamadzadeh et al. 2020; Feizizadeh et al. 2021a, 2021b; Abedi Gheshlaghi
et al., 2021; Omarzadeh et al. 2021). The FANP method is one of the most used tools in GIS-
MCDA that computes the factor weights (Saaty and Vargas 2013; Ghorbanzadeh, Feizizadeh,
and Blaschke 2018). The integrated FANP method enables the evaluation of each indicator’s intrin-
sic weight.

The FANP adds to the overlay of data with varied features, in addition to fuzzification of the
indicators as GIS spatial data. The pairwise comparison technique can be used in the FANP
approach to rank criteria and compute the criteria weights. Based on Saaty (1990), the pairwise
comparison of the FANP method is carried out by specialists who rank the relative importance
of the initial criteria on a scale of 1–9, with 1 denoting equal position, 2–4 denoting weakly higher
relevance, 5–6 denoting moderately higher importance, and 7–9 denoting strongly and extremely
higher importance of the criterion. To compute the criteria weights, the expert knowledge is con-
sidered in the initial ranking of the indicators. Therefore, 25 experts from the Municipality of

Table 3. Results of the global sensitivity analysis for sensitivity analysis of the fuzzy analytical network process’s weights.

Criteria Fuzzy analytical network process weights First order Total effect

Education level 0.048 0.071 0.074
Population density 0.057 0.031 0.041
Residential property 0.091 0.008 0.004
Parcel area 0.088 0.182 0.148
Unban land use 0.05 0.126 0.218
Commercial property 0.024 0.01 0.072
Restaurants density 0.03 0.152 0.296
Employee ratio 0.06 0.188 0.198
Urban roads traffic 0.057 1. 0. 008 0.028
Restaurant service area 0.11 0.015 0.161
Food delivery 0.09 0.068 0.166
Restaurants sale 0.136 0.115 0.165
Restaurants customer satisfaction 0.159 0.189 0.249
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Tabriz, Department of Urban Planning/ Marketing at the University of Tabriz initially ranked the
indicators from 1 to 9 based on the significance of each indicator for the suitability of certain
locations for the expansion of the urban restaurant industry. Accordingly, the initial ranks were
used to develop the FANP’s super matrix. Finally, the criteria weights computed as Table 2

Figure 4. Results of MSC for sensitivity analysis (a) maximum rank, (b) minimum rank, and (c) standard deviation of ranks: Note:
this map indicates that according to MCS the area with high values (read) might face sensitivity based on the proposed criteria
weights and some modification might be needed.
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under resendable consistency ratio (CR). It must be indicated that, according to Saaty (1990), a CR
< 0.1 indicates the acceptable level of consistency.

4.3.2. Sensitivity and uncertainty analysis
The sensitivity and uncertainty analysis is a critical step in GIS-MCDA implementation. Techni-
cally, due to the heterogeneous data sources, expert knowledge for criteria ranking, and modeling
errors, uncertainty is inevitable in GIS-MCDA (Feizizadeh and Blaschke 2014). In this context,
criteria weighting significantly contributes to the uncertainty in the MCDA framework. Accord-
ing to earlier research, such uncertainty may even lead to inaccurate results (Feizizadeh and Blas-
chke 2012; Ligmann-Zielinska and Jankowski 2014; Feizizadeh and Kienberger 2017). Thus, by
highlighting the influence of tiny changes to certain input parameters on evaluation outcomes,
the sensitivity analysis can help reduce ambiguity in MCDA and the stability of its findings
(Chen and Zhu 2010). The sensitivity analysis examines model behavior by adjusting input
data or indicating the rate of change of parameters in the model outcome, thus resulting in a bet-
ter understanding of how changes in the input data affect the output. This analysis shows how
input data used in the decision model impacts the output, and it can be used to quantify the
inputs’ intensities based on output fluctuations. We thus employed a sensitivity analysis to assess
the uncertainty associated with the FANP’s weights for spatial modeling to reduce the risk of
error in our GIS-MCDA-based decision model.

Within this research, we employed an integrated method of Monte Carlo simulation (MCS) and
a global sensitivity analysis (GSA) to determine the uncertainty of the criteria weights. To evaluate
and estimate the GIS-MCDA uncertainty, the sample-based MCS in combination with GSA yielded

Figure 5. Customer satisfaction as reported in the food delivery reports.
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reliable results for the sensitivity and uncertainty analysis (Feizizadeh et al. 2021b). The uncertainty
of attribute values and criteria weights can be thought of as a probability distribution or a confi-
dence interval in this context (Chen et al. 2011; Fezizadeh et al. 2023).

In this integrated approach, the initial FANP’s weights (Table 2) was employed as input
weights for MCS and sensitivity analysis using the GSA. Thus, in our study, the implemen-
tation includes four main steps, namely: (a) using the most successful restaurants uniformly
distributed as training data, (b) Making use of the FANP’s weights as reference weights, (c)
applying the MCS-based simulation 10,000 times, and (d) computing the spatial distribution
of results based on the spatial interpolation techniques of the inverse weighted distance. The
MCS is used to compute the maximum, minimum, and standard deviation of ranks, which
are shown in Figure 4. In this figure, the standard deviation (Figure 4c) represents the spatial
uncertainty of the criteria weights which indicates the area that might be prone to uncertainty
when using the employed weights. The GSA method also allows us to compute the two critical
index of S (first order) and St (total effect). Technically, the S and St represent the FANP’s
weights indicated in a semantic manner. In this context, any difference between the value
and order of the S and St indexes as well as the reference weights (e.g. FANP’s weights),
can be considered as the uncertainty associated with criteria weights. If the S and St are signifi-
cantly different, it clearly indicates that using the computed references weights (e.g. FANP)
might result in inaccurate results and must be recomputed. For detailed information about
S and St, we refer to Feizizadeh, Jankowski, and Blaschke (2014). Table 3 shows the results
of the sensitivity analysis based on the GSA approach. This table shows the computed weights
from the FANP in the semantic manner, which indicates that the obtained weights can be
efficiently used in the data aggregation step.

Figure 6. Computed service areas for the restaurants.
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4.3.3. Spatial aggregation
The spatial data aggregation of the selected indicators was based on the computed weights and used to
develop the final maps. In this numerical approach, the spatial indicators from the one map layer are
aggregated with the attribute (numerical) properties of the other indicators (Pebesma 2021). We used
the ordered weighted average (OWA) to create the suitability map for the restaurant industry. The
OWA is a popular spatial aggregation method in GIS, and its efficiency has been acknowledged by
many researchers (e.g. Malczewski 2006; Feizizadeh, Jankowski, and Blaschke 2014; Malczewski
and Rinner 2015; Bernard Keenan and Jankowski 2018; Ghorbanzadeh, Feizizadeh, and Blaschke
2018). OWAmakes use of fuzzy decision rules for modeling the linguistically as effective spatial aggre-
gation method. OWA provides a parameterized class of multi-criteria aggregation operators between
the minimum and the maximum (Vigier, Scherger, and Terceño 2017). For a given set of n criterion
(attribute) aps, an OWA operator can be defined as the following function OWA:In � I, where I =
[0, 1] that is associated with a set of order weightsV = [v1, v2, . . . , vn] so that v j 1[0, 1] for j = 1, 2,… ,
n and

∑n

j= 1
= 1v j = 1 given a set of standardized criterion value Ai = [ai1 , ai2 , . . . , ain ] for i =

1,2,…m, where aij 1[0, 1] is associated with the location (e.g. cell, polygon, line, point), the OWA
operator is defined as follows (Boroushaki and Malczewski 2010):

OWAi = [ai1 , ai2 , . . . , ain] =
∑n

j = 1
v j zij (1)

where zai1 ≥ zi2 ≥ . . . ≥ zin is the sequence obtained by reordering the criterion values
ai1 , ai2 , . . . , ain. With different sets of order weights V, one can generate a wide range of
OWA operators including the three cases used in this article: WLC, Boolean overlay combination

Figure 7. Service allocation results based on the food order deliveries and the location of restaurant customers.
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(‘AND’) and (‘OR’) by changing the set of order weights V (Boroushaki and Malczewski 2010). The
OWA combination operator in Equation (1) ignores the fact that most of the GIS-based decision-
making problems require a set of different weights to be assigned to criterion maps layers. OWA pro-
vides a tool for generating a wide range of decision strategies in a decision strategy space, by applying
a set of order weights to criteria that are ranked in ascending order on a pixel-by-pixel basis. We used
the computed FANP weights to create the restaurants suitability map before applying the OWA
method as an aggregation function.

5. Results

The following figures and tables present the main results of the study. Figure 5 shows the overall sat-
isfaction as experienced by customers in the urban restaurants of Tabriz during the COVID-19 pan-
demic. Figure 6 shows the computed service areas for restaurants based on the number of food
delivery reports. Figure 7 show the service areas for urban restaurants based on the customer locations
and number of deliveries for each restaurant. As indicated in the methodology section, to analyze the
spatial correlation of the service areas and the functionality assessment of the restaurants, we also con-
sidered the populationdensity and the results are presented inFigure 8. The results of trafficmonitoring
based on the obtained data fromTabriz traffic policewas computed andpresented inFigure 9.Asone of
themain objectives of this studywas to identify suitable areas for urban restaurant developmentswhich
is carried out based on the GIS-MCDA as shown in Figure 10. This map identifies the areas that are
suitable for the development of the urban restaurant industry. Figure 11 represents the spatial corre-
lation of the restaurant service area with impacting factors such as population density, road traffic, cus-
tomer satisfaction, fooddelivery, and restaurant sales.Basedon thisfigure, of these indicators impacting

Figure 8. Population density of Tabriz.
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the service areas of the restaurants, the customer satisfactionhad the highest correlationwith the expan-
sion of the service areas of the restaurants. Figure 12 also shows the spatial correlation of the developed
suitability map for restaurant service area expansion against the socioeconomic indicators such as
employment ratio, food orders, restaurant sales, and customer satisfaction.

6. Discussion

6.1. Key findings

This study analyzed the urban restaurants (restaurants) during the COVID-19 pandemic when the
restaurant industry faced critical conditions due to strict home quarantine measures. The GIS-based
analyses for service allocation were carried out using a time interval of 10–20 min, a service area of
500–1100 meters, and were based on data from 1050 restaurants. Our results indicated that 90.92%
of the people has access to the restaurant services in the city. Results of restaurants service area
assessment show that the restaurants in central and eastern areas had far reaching service areas
that included their neighborhood and extended to other sub-towns in Tabriz. This shows the func-
tionality of these restaurants.

In the central areas, with a high population density, tourism, and commercial and administrative
services, the number of restaurants in these areas increased. In the central area of the city, there is a
high number of well-known and high standard restaurants, and our analysis shows that there was
still sufficient business in the form of take-out or home delivery for these restaurants during the
COVID-19 pandemic. The restaurant service area assessment shows that most of these well-
known restaurants successfully developed widespread business by means of extending their service
area to 15 km from their location.

Figure 9. Urban road traffic in Tabriz.
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Based on the results, most of the restaurants in the north (except Roshdeyh town, which is one
the wealthiest towns in Tabriz) and the southern part of the city aimed for local business within
their neighborhoods. It must be emphasized, that well-known restaurants may not have been inter-
ested in developing a business in these areas due to the lifestyle differences, reduced land- and prop-
erty value, and the low income of many residents. Based on our results, the lowest number of online
food orders were recorded in the areas that were essentially limited to the local restaurants. The
service area for the restaurants in such areas was within a 1–7 km radius.

The customer satisfaction of restaurants located in the central and eastern areas of Tabriz is
relatively high. Restaurants located in northern and southern areas faced serious challenges in
terms of customer satisfaction. It must be indicated that the eastern area of Tabriz is known as
a modern area that has been developing rapidly in recent decades. Most of the modern restaurants
and well-known brands are located in the central and eastern areas of Tabriz. There are also sev-
eral well-known ‘restaurant chains’ in the suburb located on the urban transport routes to Azar-
shahr, Urmia, and Marand cities that recorded a high level of customer satisfaction. In addition, a
high rate of customer satisfaction was observed for well-known sub-towns such as Elguli, Valia-
sar, Roshdeyh, Gloshahr, Zafaranieh, Rajaei, Yagcheiyan. These areas are famous for hosting the
top restaurants and national restaurant brands. These sub-towns, particularly Elguli and Valisar,
are famous for very high property values and a high quality of life as residents are wealthier. By
contrast, the western, northern, and southern areas are residential areas with intensive industrial
activities and are generally home to low-income families. From a social and cultural perspective,
there is a significant difference in lifestyle and quality of life for the residents in different parts of
the city (Azami-Aghdash et al. 2019).

Figure 10. Results of the GIS-MCDA showing the suitability levels for future expansion of restaurants in Tabriz.
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6.2. Linked to the literature

Tabriz has been facing a critical socioeconomic situation in recent decades as one of the major
immigrant destinations due to intensive industrial and economical activities. As a result, about
502 hectares of slums and informal settlements as well as 2500 hectares of urban worn out texture
(see Figure 13) with a population between 400.000 and 700.000 persons developed over the past four
decades (Municipality of Tabriz 2021). These slums and informal settlements face a dualism in life-
style, urban fabric and morphology (Feizizadeh et al. 2021a). Based on the results, the urban restau-
rants located in these areas failed to achieve high customer satisfaction rates.

As a result of unbalanced development, the quality of life and access to urban facilities (such as
public transport, green spaces, restaurants, markets etc.) is very different across the city. Our study
also reflects significant differences in employment and education levels in different parts of the city.
Based on the Figure 12, the spatial correlation diagrams show, the suitability assessment for restau-
rants, food order, and customer satisfaction represent a linear correlation with most of the

Figure 11. Spatial correlation of the restaurant service area with impacting factors including: (a) road traffic, (b) customer sat-
isfaction, (c) restaurant seale m (d) population density and (e) food delivery.
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socioeconomic indicators, thus expressing the significance of the urban environment, and, specifi-
cally, the neighborhood impacts, on the restaurant industry.

6.3. Policy implications

This study reveals a ‘social gap’ between different parts of Tabriz while well-known brands of res-
taurants are established in the wealthy and modern neighborhoods in a linear correlation with edu-
cation and employment levels. Figure 14 shows the employment ratio in Tabriz and indicates that
the most successful restaurants are located in areas with high employment rates. From the cultural
perspective, the wealthy and employed residents use the urban restaurants as recreation activities
and their daily meals (Pourmoradian 2018). Thus, a number of the home-delivery urban restaurants
developed in the wealthy sub-towns such as Elguli, Valiasar, Roshdeyh, Gloshahr, Zafaranieh,
Rajaei. In Iran, the metropolitan environments act as centers of immigration with several resulting
challenges such as air pollution, the expansion of slums and informal regions etc. These develop-
ments also lead to an increase in traffic problems and air pollution, which was barely heard of in
this environmental setting some twenty years ago. Tabriz is now ranked the second most populated
city in Iran (Feizizadeh et al. 2021a). As Tabriz is also a significant tourist attraction in Iran,
improvements in restaurants and service infrastructure may benefit citizens.

The number of restaurants in Tabriz has generally increased in recent decades and brought
about vast improvements in the restaurant industry in terms of the variety and quality of food

Figure 12. Results of spatial correlation, including: (a) suitability map for restaurant and satisfaction, (b) suitability map for res-
taurants and their sale, (c) suitability map for restaurants and food delivery, (d) suitability map for restaurants and population
density, (e) employment level and food order and (f) the urban restaurants satisfaction and services area.
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(e.g. fast food). Thus, the tendency to buy food, especially fast food, from restaurants has increased
dramatically, and, as a result of this trend, the number of restaurants has also increased drastically
(Habibpour, Feiizadeh, and Jabarzadeh 2021).

6.4. Data and method

Our study pointed out that Geomarketing may not only help restaurants commercially but could be
part of a planning strategy aiming to benefit citizens for optimized access of restaurants (Touzani
and Van Buskirk 2016; Zuluaga and Escobar 2017; Fagir 2016; Juárez et al. 2020; Habibpour, Feii-
zadeh, and Jabarzadeh 2021). We may indicate that Geomarketing allows restaurants to maximize
profitability by maximizing the economic metrics of the business thanks to the design of segmented
marketing strategies based on the behavior patterns of the target audience and specific criteria for
that business. On the other hand, from the urban planning perspective, our results revealed that
areas for the establishment of new restaurants exist in Tabriz that can be considered by planners
and authorities and by restaurants for successful business planning and development. The most
beneficial areas for establishing new restaurants are in the southern and western parts of the city.
High population density, residential land use, and affordable land are among the factors influencing
the identification of these areas as being suitable for the small business restaurant industry.

In this study, we applied a GIS-based Geomarketing approach to analyz the restaurants’ func-
tionality and identify suitable areas for future expansion. It must be indicated that Geomarketing
is a new trend in GIScience, which brings both opportunities and challenges. The results of this
study verify the efficiency of GIS-based Geomarketing approaches for analyzing and mapping

Figure 13. Location of urban worn out textures, slums and informal settlements.
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the spatial context of food delivery datasets using location-based systems. Obviously, such a study
would not have been possible a few years ago. Generally, time- and geotagged data are produced at a
previously unheard-of rate on many platforms, providing a wealth of options for studying human
and environmental dynamics. Spatial data mining can empower a variety of data analysis
approaches, including clustering and classification, as well as trend detection in various domains
(Perumal et al. 2016). The methods applied and presented in this research could make a significant
contribution to developing GIScience. Our results showed that the proposed approach turned out
to be an efficient methodological framework for data acquisition and pattern mapping. The pro-
posed approach supports the authorities and decision-makers in understanding the spatial pattern
of this business sector, as well as supporting businesses in identifying suitable areas for future
expansion. The applied methodology can easily be customized and applied for spatiotemporal pat-
tern mapping of any business sector or to conduct suitability assessments for future expansion in
urban environments.

7. Conclusion and future works

The main objective of this study was to analyze the situation of the restaurant industry and the cus-
tomer behavior in Tabriz city during the COVID-19 pandemic. We also analysed the spatial distri-
bution of the restaurants and their service area as well as potential areas for the future extension.
The Geomarketing analyses revealed that the most significant spatial criteria impacting the business
of the restaurants were customer satisfaction, delivery service performance, service area, and road
traffic, together with education and employment level. We observed different inherent spatial

Figure 14. Spatial distribution of the employment ratio in Tabriz.
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patterns in Tabriz city in terms of the restaurants functionality and their services for the citizens.
There was a significant spatial correlation between the quality of life indicators, population density,
and the functionality of urban restaurants. The best-known brands and high-quality restaurants are
mostly located in wealthy areas with large services areas and high levels of customer satisfaction.
During the COVID-19 pandemic, most of the urban restaurants efficiently offered home delivery
and take-out services. Results also demonstrated an increasing willingness of citizens to use
location-based apps during the COVID-19 pandemic. The availability of location-based services
and apps for smartphones and tablets addressing online transportation, shopping, and ordering,
amongst other things, enable a new lifestyle. GIScience and spatiotemporal analysis have enabled
the development of various apps, including Geomarkting applications, that help facilitate this mod-
ern lifestyle. As Goodchild predicted in 2010, the positioning technologies build the basis for ‘know-
ing where everything is, at all times and the role of the citizen’ (Goodchild 1999, 13). However, this
development was accelerated during the COVID-19 pandemic, where the GIS location-based ser-
vice industry grew from a demand to supporting citizens during the home quarantine. We were able
to re-establish the importance of GIScience methodologies and methods for location-based market-
ing of restaurants. Since the GIS based Geomarkting has been considered as new trend GIScience,
we optimized the proposed approach can be also applied for any other similar case studies which is
the stat of art and makes the current research as progressive for urban planning. In addition, this
research indicated, that the assessment of restaurants as mere location-based services, has to be
abandoned in favor of a more complex understanding, incorporating the spatial dimension of
food-delivery service areas as a new factor for location choice. Based on the results, our future
research will be focused on applying timeseries analysis in order to detect the inherent spatiotem-
poral geomarkting patterns in the city and identify their correlation with impacting sociodemo-
graphic characteristics. We conclude that most of the restaurants in Tabriz were started to use
the food order apps after the COVID-19 disease. However, our analysis indicated a significant
difference between functionality of restaurants in different parts of the city while the restaurants
in developed part of the city were actively working during the home quarantine.
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