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Abstract: The problem of statutory restrictions of the freedom to conduct business activities is a
subject addressed by many researchers. On the other hand, there is little research into the spatial
aspect of this phenomenon and its impact on the quality of life of the inhabitants of urban centres in
terms of their exclusion from one of the key motivations for travelling, namely shopping trips. The
main purpose of the article is to determine the impact of the introduction of a statutory restriction
on Sunday trading on sustainable urban development in terms of identifying areas excluded from
free access to such services within a large urban settlement in Poland. Our studies on accessibility by
car utilised data from ITS systems, the assumptions of the probabilistic Huff Model, and methods
to determine market catchment areas. The data used in the study were based on the results of a
questionnaire survey. The research procedure was conducted for eight scenarios that covered two
periods (March 2019 and November 2020) on trading and non-trading Sundays. The conducted
research shows that changes in the temporal accessibility of grocery shops in L6dZ within the analysed
periods are noticeable for trading and non-trading Sundays. In both cases, accessibility by private car
is decidedly worse on non-trading Sundays. Transport exclusion from accessibility to grocery shops
applies, in particular, to residents of peripheral areas of the city and is further compounded by the
statutory Sunday retail restrictions implemented nationwide.

Keywords: retail restrictions; transport exclusion; ITS; ANPR; urban development; transportation system

1. Introduction

An important constituent of customer behaviour analysis is the characteristics of the
shopping process itself. The consumer’s decision to purchase products determines the basic
characteristics of shopping activity. A purchase, as an operational manifestation aimed at
satisfying the customer’s needs and demands, refers to the item, scale, brand and model
of a given product, and the place and time of purchase. The time of the sale-purchase
transaction is the most fundamental feature of the whole process, and it can be generally
determined (year, month, week) or pinpointed to a more specific timeframe (specified day
of the week and hour) [1].

Daily mobility for shopping varies not only in terms of the period in which the
purchase takes place, but also its frequency, journey time necessary, preferred mode of
transport, etc. Some customers do their shopping every day, while others only visit stores
once in a while. In general, decisions on shopping trips do not have to be made on a daily
basis, but in a weekly cycle. Currently, due to the popularity of larger home refrigerators,
the ever-increasing number of cars, and the greater participation of women in work life,
etc., there is a growing trend to shop weekly. Therefore, any study on shopping behaviour
should take into account multi-day data that encompass at least a weekly perspective
and reflect any rise in customers’ shopping activity across successive days of the week [2].
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Furthermore, it must be stressed that shopping behaviour mainly depends on the person’s
working hours, the manner in which a given customer manages their leisure time at
weekends, their shopping habits, the size of their household, the accessibility of retail
stores, etc.

The traditional Catholic image of the weekend (particularly Sunday as a day off)
has undergone dramatic changes during socio-political transformation. Changes to the
job market brought about new working conditions, including the forms and rules of
employment, which translated into substantial changes to the ways and standards of
life of both individuals and whole families. These changes resulted in a shift in the
weekly schedule of cultural, educational, social, and also shopping activities among those
professionally active (especially the young) [1]. The issue of Sunday trading has long been a
widely discussed social issue in Poland. An act on retail restrictions on Sundays and public
holidays (as well as some certain other days) was introduced in Poland in March 2018. In
accordance with this bill, the trading ban was introduced gradually, with shops being open
on two Sundays per month from March 2018, then on only one Sunday from 2019, and since
2020, the ban has affected all but seven Sundays [3,4] (plus one more Sunday in December
2020 due to the COVID-19 pandemic). An act on retail restrictions once again shifted
people’s spatial mobility due to the imposed restrictions (e.g., changes in shopping habits
and trips across the weekly cycle). This was confirmed by a pilot study [4,5] conducted
within the framework of the project A Pilot Study of Changes in Transport Behaviour of
L6dz Residents upon the Introduction of Retail Restrictions on Sundays.

After the gradual introduction of the Sunday retail restrictions (from March 2018),
numerous aspects of everyday life have been impacted, mostly affecting residents of
medium-sized and large cities, and influencing daily mobility related to shopping. As
was concluded by Chmielewski [6], who assessed the impact of the Sunday retail ban on
daily traffic density over a weekend in the road network of Bydgoszcz (the regional capital
and the largest city of the Kujawy-Pomerania Province), a rise in traffic density on trading
Sundays is noticeable when compared to non-trading Sundays, though its scale varies
depending on the season of the year and the weather. Spring and summer months foster
recreation, so residents eschew shopping trips in favour of relaxation, which translates into
the smallest rise in traffic density. On the other hand, August and September, marked by
gradually worsening weather, post-season sales, and the beginning of a new school year,
generate higher traffic related to weekend shopping. The highest rise in traffic density,
however, was recorded in November and December, which was attributed to the upcoming
Christmas season. A particularly dynamic growth of nearly 30% was reported in December,
when volumes of traffic for trading and non-trading Sunday were compared.

A similar study was conducted by Borowska-Stefariska et al. [4,5], who identified and
determined changes in transport behaviour related to Sunday retail restrictions in Lodz
(one of the largest Polish cities and the regional capital of the L.6dz Province). The returned
results showed that, during trading Sundays, the traffic density observed in the course
of monitoring road users was slightly higher than on non-trading Sundays. On Sundays
with no retail ban, shopping centres and malls were an important destination, which most
residents visited by car. However, the study did not take into account the difference in
traffic density between trading and non-trading Sundays on an annual basis.

Moreover, a survey conducted in September 2016 by the CBOS Public Opinion Re-
search Centre on a representative, random sample of 981 adult residents of Poland revealed
that as many as 79% respondents did their shopping on Sunday. The decision depended
on the respondents’ age, professional status, size of their household, and devoutness. The
CBOS survey also showed that, relatively, Sunday shopping is most often done by people
aged 25 to 44 who are residing in a big city and have full-time work (but not shift workers).
On the other hand, people who do their shopping least frequently on that day are senior
citizens (65+) and those who visit a place of worship [7].

As can be seen, the retail restrictions introduced in Poland have had a significant
impact on people’s transport behaviour (primarily city residents). Currently, as few as
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9 out of 27 EU member states have significant Sunday retail restrictions. Since there is
no common EU law to regulate the matter, member states individually exercise control
over retail trade on Sundays [8]. In this respect, Poland is similar to Germany and Austria,
where Sunday retail restrictions remain in force. The review of the literature shows that
Sunday retail restrictions across Europe can be reduced to two basic patterns: a total
ban on retail outside designated zones (e.g., popular tourist destinations, where shops
can be open on Sundays) and a general ban that allows local authorities to stipulate the
number of trading Sundays within a given region. Against this background, the solution
implemented in Poland is quite restrictive [9,10]. This implementation of nationwide
regulations on retail trade has had an immense impact on people’s spatial behaviour. While
non-grocery shopping can still be done online, there is a great social necessity for groceries
to be freely available. In many well-developed economies, the system of grocery retail
has been restructured, and new types of retail outlets have appeared at the expense of
small shops, e.g., discount supermarket chains, supermarkets, etc. [11,12]. This trend has
been clearly visible in most industrialised countries and across the majority of economic
sectors over the last few decades. One of the postulates behind the implementation of retail
restrictions on Sundays was the expectation that small local shops would benefit from the
fact that larger stores remain closed on that day. Knowledge of the effects related to retail
restrictions would be very informative for urban authorities and politicians responsible
for making new national laws and city planners, with regard to such issues as conscious
mobility and its impact on residents” quality of life and their activities undertaken. As the
periods when the restrictions were imposed in Poland were implemented in stages, we
decided to delve into the matter.

The main purpose of the article is to determine the impact of the introduction of a
statutory restriction on Sunday trading on sustainable urban development in terms of
identifying areas excluded from free access to such services. The research procedure was
based on a set of specific objectives of both a cognitive and methodological nature. The first
one was to analyse changes in the number of grocery shops, and their surface area, type,
and distribution between the period of the mildest and the strictest restrictions. Another
task was to investigate changes in the level of exclusion from convenient use of grocery
shops resulting from the introduction of statutory restrictions. The third cognitive aim
focused on identifying the effects of co-occurring changes in customer behaviour and the
state of the shop network on accessibility during the restrictions. The methodological
objectives included the development of a method for accessibility analysis based on vector
data on land use and remotely acquired data on the functioning of the urban transport
system, accounting for the variability of the transport behaviour (modal split, travel
time) and purchasing behaviour (shopping time) of the population and the spatial and
functional diversity of the study area, at the same time taking into consideration the factor
of competitiveness.

Our research concerns the issue of exclusion from access to services as a result of the
introduction of the law on Sunday trading restrictions in Poland with reference to the use of
motor vehicle transport. The Sunday trading ban policy restricts shopping activities in both
spatial and temporal terms. Unfortunately, however, it has not yet been studied in detail
either with regard to changes in accessibility to retail facilities (by format) or excluding
areas in the city from access to grocery shops. Therefore, this study, based on the example
of a large Polish centre (Lodz), fills this gap and contributes to the important research
concerning the impact of the trade ban not only on accessibility but also on sustainable
urban development. Since our study is devoted to transport-related exclusion from access
to shops, the first aspect to be discussed is the mechanisms of exclusion that stem from a
lack of transport and social equity. In recent years, the pool of studies on transport equity
and equality has increased dramatically, even though the issue was primarily ignored in the
early 21st century, especially in reference to its spatial and mobility-related aspects [13]. The
need for transport services will differ depending on age, gender, and lifestyle. According
to Martens [14], even though we must expect certain degrees of disproportion in access
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to transport, excessive transport-related impediments may restrict daily mobility, thereby
leading to transport-induced social exclusion [15]. In the literature, there are studies [16,17]
that show that all transport-related deficits (no public transport, insufficient number of
connections, etc.) are corelated with a number of types of social exclusion, which results in
transport poverty. The literature indicates that the factors that influence transport-related
exclusion include:

physical exclusion;

geographical exclusion;

exclusion from facilities (the distance to facilities, e.g., shopping);
economic exclusion;

time-based exclusion;

fear-based exclusion;

space exclusion [18].

The innovation of our study is based on two main features: its spatial nature and the
inclusion of data from the Intelligent Transport System. The research problem that we
undertake has been a subject of interest among representatives of other disciplines, e.g.,
economists or sociologists, but, from their perspective, it has a nonspatial character. This is
an obvious research gap within the issue of trading restrictions. By including vector-based
urban development data in the study, we were able to identify and examine how the
introduction of a statutory restriction on trade determines the city’s sustainability, i.e.,
the level of exclusion from the free use of services affecting the quality of urban life. The
introduction of remotely collected transport system data from the tools typical of smart
cities allowed us to capture the features of the city’s transport subsystem and, at the same
time, to determine the spatial consequences of the implementation of the restrictions in
question in a more accurate manner.

2. Materials and Methods
2.1. The Researched Area

The introduced statutory restrictions on Sunday trading have mainly affected large-
format retail facilities, which tend to be located in large- and medium-sized cities. £6dz,
the capital of the region, is the largest city in terms of both administrative area and number
of inhabitants in the £6dZ province. Hence, the number of retail facilities in the urban
space is by far the highest in this area, and therefore the exemplification of the introduced
restrictions is clearly discernible there. Furthermore, the city’s transport infrastructure is
equipped with an ITS system containing data that has been made fully available to us. The
article presents two zones of the city: the external and the internal one, related to the city’s
past and the formation of its settlement structure, which conditioned the course of the
transport network and thus indirectly influenced the distribution of commercial facilities.

The inner zone has its origins in the historical development of the city, which initially
was a typically agricultural settlement. A brief chronological description shows that what
came next was the development of a new and precisely planned city, as a result of which
Lo6dz, from being a rural settlement, underwent the process of dynamic industrialisation. In
the 19th century, it boasted elements typical for developing cities of that time (e.g., factories
and manufacturers’ mansions), and irregular and explosively expanding suburbs. The
structure of the city began to change dramatically after the political transformations in
the late 20th century (the marketisation of the Polish economy). A particularly noticeable
feature was the expansion of office and service space [19], which is still visible nowadays
(Figure 1). On the other hand, the outer area, which lies outside the ring of the railway;, is
marked by dynamically growing, large housing estates (built in the 1970s and 80s, and
later), vast industrial areas, and warehousing, which are usually located in peripheral areas.
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Figure 1. Distribution of housing in £.6dzZ in 2021 against the background of basic research units.
Source: own elaboration on the basis of the Database of Topographic Objects.

Lo6dz is characterised by its relatively high population density (especially in the large
housing estates of Chojny, Dabrowa, Olechéw, Radogoszcz, Retkinia, Teofilow, Widzew)
and the dense network of roads (Figure 2). A comparative analysis of the spatio-functional
structure and the road system allows us to conclude that the relatively well-developed
infrastructure along axes connecting the suburbs with the city centre (Srédmiescie), to-
gether with a slightly underdeveloped system of connections within large housing estates,
confirms the concentricity of the urban layout [4,20], which becomes increasingly less
regular outside the city centre.

The city centre boasts by far the highest concentration of retail facilities [21]. As proven
by Dzieciuchowicz [22], the density ratio of retail facilities to population takes a positive
value. As for the largest retail facilities (shopping centres), there are several patterns to
their location in £6dzZ: in the city centre, within large housing estates, and along the axes
that form a continuum from the city centre to the large housing estates and residential
areas in the suburbs [23]. In general, the total number of grocery shops is dominated by
general food shops and convenience stores, while the largest retail space is offered by
hypermarkets and discount supermarket chains (Figure 3).
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Figure 2. Spatial differentiation of road network (A) and population (B) density in £6dz in 2021 by basic research units.
Source: own elaboration based on the Database of Topographic Objects, OpenStreetMap, and the Local Data Bank of the
Polish Central Statistical Office.
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Figure 3. The quantitative structure (A) and the structure of retail space (B) by food store format in £6dz in 2020 (N = 558).

The third most populated urban agglomeration in Poland, £.6dZ has a demographic
structure that places it among gender-imbalanced cities—according to the Polish Central
Statistical Office, there were 119 females for 100 males in 2019. The city is also struggling
with a low RNI (—5.61), a negative net migration rate (—1086 per 1000 residents), and is
dominated by small households. The city’s problems have their roots in history and the
fact that the majority of residents used to work for state-run industries (mostly textile).
Moreover, L6dZ—similar to other Polish urban settlements of comparable size—faces the
issue of low average income per capita (which is actually the lowest for £L6dZ and amounts
to EUR 1073.37). This is partially a result of the constant and hesitant changes that are the
effect of the political transformation and decentralisation of the Polish economy. In 2019,
the number of business entities classified as retail decreased marginally in comparison to
previous years, and amounted to 20,600 (607 fewer than in 2018).

Following the 2018 Sunday retail restrictions, the Pilot Study of Changes in Transport
Behaviour of £.6dZ Residents upon the Introduction of Retail Restrictions on Sundays
was conducted to verify if, and to what extent, retail restrictions on Sundays and public
holidays (as well as some certain other days) impacted the residents’ activities and their
transport behaviour. The returned results showed that the inhabitants of L6dZ prefer a
sedentary lifestyle on Sundays, regardless of whether it is a trading or non-trading day.
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Approximately one third did not take any trip on a trading Sunday, while, on a Sunday,
with no retail ban, half of respondents did likewise. The results of the survey also made it
possible to determine which forms of leisure residents opted for on a non-trading Sunday,
including sport and recreation, culture, and entertainment. On average, the respondents
devoted around 30 min to these activities, which mostly began and finished at their place
of residence. Another conclusion drawn from the survey concerns the place that residents
chose to do their shopping on either trading and non-trading Sundays. They were most
likely to choose shops within walking distance of their home. As a result, it was local shops
(especially on non-trading Sundays), discount supermarket chains, and supermarkets that
appeared to be the most popular destinations. However, the study also revealed that,
on trading Sundays, important destinations were also shopping centres, to which the
respondents primarily travelled by car. Additionally, the survey also indicated that women
were more active than men, especially during trading Sundays, but they would shop for
goods other than groceries. Finally, the survey also showed the amount of time devoted
to different activities during the day. It turned out that, no matter which Sunday was
considered, £.6dz residents would spend most time studying and then working, and the
least time doing grocery shopping [4,5].

2.2. Sources of Data and Research Methods
2.2.1. Grocery Retail Facilities

The most useful source of data used in the study is the Retail Trade Database offered
by a commercial data provider of location and spatial analysis operating on the Polish
market. The data cover two periods—March 2019 (i.e., the transition period when the
retail restrictions were being introduced) and November 2020 (nearly a year after the full
scope of the restrictions was implemented). Each shop in the database was attributed with
two descriptions of store type, where the first one consisted of three classes (food stores,
non-food stores, and other stores and services), and the second contained a division into
format and products on offer (37 types of facilities in total). Regarding store types, firstly, all
types of food stores were selected to be incorporated in the study, including the following:
hypermarkets, supermarkets, discount supermarket chains, cash and carries, general
food stores, specialised food stores, and convenience stores. In addition, the database
offered some extra information on store fascia, operator identifier, address, geographical
coordinates, gross area, net sales area, and opening and closing date. These data were
mainly of commercial use (location analyses for retail facilities) aimed at both small retailers
and large retail chains.

The global picture of the retail market in £.6dZ that emerges from the aforementioned
data is as follows. During the initial period of restrictions, the largest percentage of total
retail space among food stores was attributed to hypermarkets (36%), discount supermarket
chains (21%), cash and carries (13%), and supermarkets (13%), i.e., retail facilities closed
on non-trading Sundays. The share of other shops amounted to 10% for general food
stores, 6% for convenience stores, and 1% for specialised food stores. The data for 2020
do not show any substantial differences in market share (Figure 4). Between March 2019
and November 2020, the net number of stores decreased by four (new supermarkets,
discount supermarket chains, and general food stores appeared, while some specialised
food stores and convenience stores disappeared). As for the net amount of retail space,
it showed a decrease for supermarkets, specialised food stores, and convenience stores,
and a rise in general food stores and discount supermarket chains. At the same time, the
comparative analysis of the percentage of liquidated and newly opened stores (Figure 4)
and the total number of shops and their retail space clearly indicates the ongoing expansion
of discount supermarkets chains in £6dz, which is not exceptional when compared to other
regions [24,25].
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Figure 4. The quantitative structure (A) and the structure of retail space (B) by types of grocery stores
that were liquidated in £.6dZ during the analysed period, and the quantitative structure (C) and the

structure of retail space (D) by types of grocery stores that were newly opened in £6dz during the
analysed period.

The most common types of stores newly opened in the vicinity of a liquidated grocery
shop were discount supermarket chains and food shops, and the average distance between
a new shop and a liquidated one was slightly over one kilometre (Table 1).

Table 1. Statistical characteristics of food store replacement in £.6dz for the analysed period.

Average Retail Average Retail

Store Type Incidence (%) .Average Space of Closed Space of New
Distance (m) 2 2
Store (m*) Store (m*~)

convenience 10.4 600.1 222.0 100.0

discount 29.2 1002.0 450.0 888.6
supermarket chain

hypermarket 2.1 122.9 1255.0 1400.0

general food store 29.2 1485.3 3224 150.0

specialised food 8.3 553.0 1754.3 100.0

store
supermarket 20.8 4447 418.5 549.5

On the basis of the data on the distribution of retail facilities, a static measure of their
density was calculated for each analysed variant (Figures 5 and 6). The measure, which is
based on the ratio of the number of stores to the retail space of the basic unit, was selected
due to the fact that the inclination to travel in order to do shopping is, to a great extent,
determined by the distance between the starting point and the destination (shop). It was
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assumed that, in those areas that have a high density of retail facilities, the inclination to
cover longer distances is smaller, since they possess a higher potential [26]. On the other
hand, residents of those areas with a low density of retail facilities have to cover longer
distances to do their shopping.

* closed grocery stores ¢  grocery stores opened precincts commune

Figure 5. Density of food stores in L6dz arranged by basic research units for trading Sundays in the basal (A) and final
(B) period.

*  closed grocery stores «  grocery stores opened precincts commune g Sm

¢

Figure 6. Density of food stores in £.6dz arranged by basic research units for non-trading Sundays in the basal (A) and final
(B) period.

2.2.2. Use of ITS Tools—Models of the Road Network and Traffic Speed

Speed models for accessibility analyses vary, with differences stemming from two
fundamental aspects: access to data, and the spatial scope of the study. Moreover, speed
modelling can also differ depending on the chosen mode of transport. Speeds applied for
accessibility analyses focusing on pedestrians are usually around 5 km/h (Table 2), which
is the value assumed in this study.
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Table 2. Average speeds of pedestrians based on empirical calculations.

Type of Pedestrian Traffic Speed (km/h) Source
mixed traffic 5.394 Oeding [27]
customers in the shopping street 4.718 Older [28]
Students 5.856 Navin and Wheeler [29]
mixed traffic 4.434 Tanaboriboon et al. [30]
people using public transport 4.884 Fruin, [31]
mixed traffic 4.527 Yu [32]
women (aged 21-60) 3.96-5.76
men (aged 21-60) 432-6.48 Zebala etal. [33]
mixed traffic of able-bodied adults 3.96-5.04
mixed traffic of children and disabled adults 2.16-3.24 Komar and Wotek [34]

Source: own elaboration and Laxman et al. [35].

The issue of modelling car speeds is considerably more complex. As a result, various
approaches to the problem of assessing road traffic speeds and travel time are applied
in the literature. Some studies are based on classic, empirical premises, while others use
models of the transport network and then calibrate the returned results on the basis of
empirical sets of data. An alternative solution involves networks used to analyse transport
accessibility, where speeds are set on the basis of the traffic code (maximum allowable
speeds) [36,37] or determined upon the analysis of data officially provided by road oper-
ators and sometimes modified according to the researcher’s personal experience [38,39].
Regarding the aforementioned classic modelling of speeds based on observations whose
results are directly transferred into a speed model, we can distinguish the following types of
information to be applied: commercial, ICT and floating car data [40-42], or data collected
by intelligent transport systems [20]. In traffic speed modelling, the approach based on
hypostatisation and deduction most commonly utilises two methods of assessing speed.
The first takes into consideration speeds that stem from simulation traffic models [43,44],
while the other utilises parameters of the transport network, as well as land use and the
environmental conditions in its vicinity [45,46]. Importantly, due to the level of entropy in
transport systems, any attempt to model traffic speeds may accurately, but never faultlessly,
reflect average speeds for a given location and time.

In our analyses of car-related accessibility, we used data from ITS systems and results
presented by Bartosiewicz and Pielesiak [47]. The choice of which data to use at a given time
was determined by the location of a given road section within the settlement network. More
precisely, ITS data were used to model speeds for sections within the administrative borders
of L.6dz, while the data from the other source were applied for segments outside the city.
In the first case, we used data from ANPR [48,49], a tool not commonly used in transport
studies [50-53], which is based on an intelligent technology of automatic number-plate
recognition. In £.6dz, the data come from 125 cameras installed at 23 intersections.

On the basis of the aforementioned measurements, we selected roads based on their
class and location within the spatial structure of the city (inside and outside the railway
ring). These roads were a sample used to calculate travel speed, and the results referred
to the whole set of roads of a given class for the two specified locations. Each selected
section was tested during two transport peaks and the time between them. Once travel
speeds were averaged (a significant disparity was revealed for different periods), these
values were compared to speeds in the traffic code: (VANPR =~ vk) x 100%. The result was
the percentage of the traffic-code speed reached for analysed trips on individual classes of
roads and in specified locations. Next, we estimated the decrease in speed with regard to
the traffic-code speed on main and service roads outside the city centre by proportionally
comparing the said speeds to speeds observed on a higher road class: (vout = (vin x vout)
=+ vin). For local and access roads, we applied relative speeds previously returned for
the class of service roads since they are quite similar. In order to verify the accuracy of
the model, we compared our results of the topological accessibility of inner L.6dz with
analogical results returned when data from Google Matrix Responses were used [20].
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For the areas outside the centre of LodZ, we applied a speed model based on calcula-
tions by Bartosiewicz and Pielesiak [47], who conducted analyses of the £L6dz Metropolitan
Area (EMA) and compared the differences between the travel times they recorded and
travel times based on the traffic code for selected roads leading from the peripheral areas
of EMA to the outer ring road of L.6dzZ (road lengths: 25.6-51.5 km). Next, we compared
the said differences to traffic-code speeds, which allowed us to determine the network
efficiency, i.e., the possibility to travel on the network at traffic-code speeds. Then, for each
section, we multiplied the travel time for driving at the traffic-code speed by the returned
value of network efficiency.

The procedure that we applied is one of the classic means of modelling traffic speeds.
The modelling itself only involved the collection and appropriate processing of sufficient
amounts of empirical data and analytical results on the area around Lodz that were
available in the literature. The model was not calibrated, but the juxtaposition with data
from Google Matrix Responses [20] allowed us to state that it accurately reflected the road
conditions in £6dZ (maximum differences in temporal accessibility between spots of the
topology based on 291 nodes did not, on average, exceed 3.3 s).

2.2.3. Assessment of Store Load and Accessibility

The research procedure in this paper aims to assess the possible load of (demand for)
food stores and the resultant accessibility of retail space. The procedure is based on the
methodology implemented to analyse the vulnerability of accessibility to foodstuffs when
the supply chain is disrupted by a non-typical event [54]. This analysis also takes into
account the premises of the probabilistic Huff Model [55,56], and several methods used
to determine catchment areas [57-59]. The applied solution offers the possibility to assess
the load of food stores by determining their net retail space (areas for customers where
goods are displayed, excluding staff-only facilities), expressed in square metres per person-
hour of grocery shopping. The initial version of the method did not take into account the
factor of time due to insufficient data on the average duration of shopping. However, the
aforementioned questionnaire survey contained this parameter and showed that the time
is noticeably different for grocery shopping done on trading and non-trading Sundays. In
L6dz, the average time for grocery shopping is 26 and 14 min for trading and non-trading
Sundays, respectively. This disparity was considered a variable important enough for it
to be taken into consideration by the algorithm of the upgraded method. Moreover, store
load enables us to determine the total retail space accessible to the residents of a given
basic research unit (each of the 215 boroughs of £.6dz). The first stage of the procedure
was to generate a matrix of travel times between all basic research units and all grocery
shops. In order to make the returned results more realistic, we decided to exclude the
border effect by taking into account food stores located outside £.6dZ. The rationale behind
this was that administrative borders are of no significance when it comes to trips analysed
in our study. Since the results of the questionnaire survey showed that—regardless of
the type of Sunday when the shopping is done—the modal division consists of private
car and walking [4,5], it was necessary to prepare matrices for both transport options in
accordance with the previously presented speed models. This allowed us to determine
the number of people from a given borough willing to travel to a given grocery shop
either by car or on foot. On trading Sundays, grocery shopping was done, on average,
by 5.6% women and 6.2% men, and on non-trading Sundays, the numbers amounted to
18.7% and 30.0%, respectively. The study excluded minors aged under 13, as they were
not allowed to shop unaccompanied. The results of the survey showed that on trading
Sundays, 65.4% of respondents walked to the shop, and this number grew to 95.2% for
non-trading Sundays. As mentioned above, the rest of the respondents used a private car
(either as drivers or passengers). To stress the importance of the spatial and physiognomic
differentiation of the two groups of facilities (grocery stores and basic research units of the
city) and their mutual spatial matching, functions of distance decay were introduced, as
they allowed us to avoid a Boolean approach to the relationship (where a given facility
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could only be either accessible or not) and substituted with a changeable probability of
such a relationship occurring. We assumed that the inclination to take a shopping trip
depends equally on two factors—the type of food store and the number of grocery stores
per surface area of a given basic research unit. We also assumed that the store type is
directly related to the range of products on offer and the reliability of their availability.
In other words, the higher the variables are, the greater the inclination to take a longer
trip. As for the spatial density of stores in the vicinity of people’s homes, this factor is
intended to reflect a growing inclination (and sometimes even a necessity) to take a longer
trip by residents who have no retail facilities in their immediate neighbourhood. After all,
residents of areas with low or zero density of shops are used to travelling greater distances
even to buy basic groceries. The higher dispersion of people in the peripheral areas of the
city makes it more difficult to tailor the spatial distribution of the retail offer accordingly
so that it would meet the accessibility in vast and densely populated areas, e.g., the city
centre or large housing estates. In such places, the offer is so rich and uniform that taking
longer trips to buy food is significantly less justified [60,61]. This means that the higher
the density of food stores in a given communal district, the greater the distance decay for
grocery shopping for residents. These two factors enable us to make potential customers’
preferences significantly more realistic. When it comes to store formats, we attributed them
with 3 coefficients of distance decay to curb the probability of a trip by half for the travel
times presented in Table 3, regardless of the type of Sunday (trading or non-trading). The
application of the fixed parameter of distance decay for both scenarios (restrictions and
no restrictions) stems from the fact that it is generally assumed in the literature that the
catchment area depends on a myriad of factors, which are usually related to retail space,
offerings, the average expenditure, and location [62,63] (a review of the literature on major
tools used to assess location and catchment area was compiled by Wood and Reynolds [64]).
Since there are no studies of the impact of customer behaviour on the said factors in the
Polish market, we do not feel entitled to differentiate the scope of the catchment areas
in reference to the two main scenarios (trading or non-trading Sunday). Differences in
travel time (related to location within the urban structure and lower supply on non-trading
Sundays) were incorporated into 3 coefficients of distance decay, which means that the
parameter was adjusted to basic spatial units on the basis of the density of retail facilities
and the change in people’s inclination to cover higher distance decay in order to do their
shopping, as identified in the questionnaire survey [4,5].

Table 3. Travel times to a given type of food store, above which the probability of taking the trip
drops by 50%.

Private Car

Type of Grocery Store (Minutes) Walking (Minutes)
hypermarket 30 20
supermarket 20 15

discount supermarket chain 10 10
cash and carry 30 20
general food store 10 10
specialised food store 30 20
convenience store 5 5

Source: own elaboration based on the results of the questionnaire survey.

Regarding the spatial density of food stores, we applied (3 coefficients of distance
decay that reduced trip probability by half for the travel times presented in Table 4 and
differentiated them not only by mode of transport, but also by the differences recorded
for trading and non-trading Sundays. The travel time at which the probability of a trip
to a given store type drops by half was determined on the basis of two premises. The
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first was related to the density of retail facilities (the number of shops that are open in a
given spatial unit), which was calculated for each basic spatial research unit. Next, we
created five classes of density following the criterion of equal independent intervals for
non-trading Sundays, trading Sundays, and for the analysed period (partial and absolute
restrictions). For the middle range, we applied the average value of travel time (separately
for pedestrians and car users), which was determined for trading and non-trading Sundays
on the basis of the questionnaire survey [4,5]. The remaining intervals were, respectively,
higher or lower by the quotient of the average value divided by the number of classes.

Table 4. Travel times (minutes) for grocery shopping trips from areas of a specific density of food stores at which trip
probability drops by half in the applied scenarios.

Trading Sundays Non-Trading Sundays
Research Period Sli\(l) 1;21;:: ;)fha Private Car Walking Sl: ;Isn:::: ;)fha Private Car Walking
>0.182 19 11 >0.108 9 6
0.182-0.137 26 15 0.108-0.081 13 8
transitional period 0.136-0.091 33 19 0.08-0.054 17 10
0.09-0.046 40 23 0.053-0.027 21 12
<0.046 47 27 <0.027 25 14
>0.2 19 11 >0.094 9 6
0.2-0.15 26 15 0.094-0.071 13 8
all restrictions in force 0.149-0.1 33 19 0.07-0.047 17 10
0.099-0.05 40 23 0.046-0.024 21 12
<0.05 47 27 <0.024 25 14

Source: own elaboration on the basis of the questionnaire survey.

The function of distance decay takes the following form, according to Rosik [65]:

R = exp(—,BTij) 1)

where:

R—distance decay;
B—coefficient of distance decay;
T;j—travel time between a borough i and a food store j.

Using the aforementioned premises, we were able to determine the numbers of poten-
tial customers who travelled from a given borough to a given food store, which included
the factor of transport and buying behaviour typical for trading and non-trading Sundays:

PT,
Y(TiRi)(TyR:)

PiTs

405
L(TijR;)-(TyR;)

F, = 0.5- [ @)

where:

Fs—total number of person-hours from a given borough i that placed load on a given food
store j;

P,—number of grocery shoppers in a given borough i;

Ts—shopping duration;

T;j—travel time between a given borough i and a given food store j;

R;—distance decay with regard to food store density in a given borough i;

Rj—distance decay with regard to a given type of food type j;
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0.5—coefficient that equiponderates the weight of food store density in a given borough
with the type of food store.

The applied method also takes into consideration the element of competition along
with all food stores accessible to residents of a given borough, ‘linking” potential customers
with individual shops. This is done proportionally to the calculated trip probability,
but in such a way that the aggregate number of customers should equal the number of
potential customers that—according to the survey—do shopping on trading and non-
trading Sundays. The quotient of the total retail space of a given shop divided by the
cumulated number of person-hours for the shop allows us to determine its load, while the
accessibility of retail space to residents of individual boroughs is the total sum of retail
spaces per customer (calculated in the previous step). This means that the measure of
accessibility for a given borough takes into account shop loads resulting from customer
traffic from other districts for whom a given shop is accessible. Upon the incorporation
of variables characterising transport and buying behaviour on trading and non-trading
Sundays, all the calculations described above allow us to determine the quantitative and
spatial scale of effects that the statutory retail restrictions have had on freedom in operating
a business.

2.2.4. Stages of the Research Procedure

In order to accomplish the objectives established in the paper, we had to perform these
calculations for eight scenarios, as shown in the matrix below (Table 5).

Table 5. Matrix of scenarios in the study.

Trading Sundays Non-Trading Sundays
Private Car Walking Private Car Walking
basal period 1 2 3 4
final period 5 6 7 8

Firstly, we calculated the load of food stores for the two modes of transport for trading
and non-trading Sundays within the basal period (scenarios 1 and 2). Once scenarios 3 and
5 were juxtaposed, we could determine the spatial differentiation of changes in the load
of stores, their accessibility, and the modal division created by the retail restrictions in the
early days of the statutory ban. Next, we had to verify if there were any changes in the
load, accessibility, and model division nearly 2 years after the restrictions were introduced
and expanded (from just one non-trading Sunday per month to every second non-trading
Sunday a month). For this purpose, the results of scenarios 1 and 2 were compared with
those of scenarios 5 and 6, while scenarios 3 and 4 were juxtaposed against 7 and 8.

3. Results
3.1. Possible Accessibility

When we only take into account the spatial distribution of the places where grocery-
related supply and demand occurs, we must indicate that spatial accessibility to at least
one shop within a 15-min drive would have been ensured to all £.6dZ residents in the basal
and final period of the research if there had been no retail restrictions. Despite the fact
that some shops were closed (those affected by the retail restrictions), 99.9% of residents
were located within the 15-min travel isochrone for both analysed periods. A more distinct
difference can be observed for trips taken on foot. When we analyse four scenarios of
walking ranges (Table 5), the disparities between trading and non-trading Sundays are
significantly more noticeable than for trips by car. In scenarios 2 and 6, 96.9% of Lodz
residents who walked to the shop were within the 15-min isochrone, and in scenarios 4 and
8, these values were 88.3% and 88.4%, respectively. What we also observed were changes
in cumulative accessibility, depending on whether a given shop was or was not affected by
Sunday retail restrictions (Table 6).
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Table 6. Changes in temporal accessibility to grocery shops in £6dz due to complete closure or new opening of retail
facilities during the analysed period.

Mode of Faster by 0 Faster by 5 to SlowerbyO0to  Slower by 5 to Within 15 min to Within 15 min

Transport to 5 min 10 min 5 min 10 min Closed Shops to Open Shops
car 18.8% 0.4% 16.0% 1.1% 99.9% 99.9%
waking 6.6% 1.5% 5.2% 1.9% 52.2% 52.9%

Changes in temporal accessibility to grocery stores in £.6dZ for the analysed period are
noticeable for both trading and non-trading Sundays. Notably, the accessibility decreases
the further one travels away from the city centre, reaching its lowest values for peripheral
areas. Naturally, these changes are also visible for trading and non-trading Sundays in each
analysed period, and, in both cases, the accessibility of grocery stores in L6dz is noticeably
worse for non-trading Sundays when the shopping trip is made by car (Figure 7).

travel time to the grocery store (minutes) [l residential buildings © 2 4 8km
— [

precincts

Y S commune

Figure 7. Spatial differentiation of temporal accessibility to grocery stores in L6dZ when the shopping trip is made by car

on Sundays without retail restrictions (A,B) and on non-trading Sundays (C,D) during the basal (A,C) and final research
period (B,D).

The situation is similar for temporal accessibility to food stores in Lodz when the trip
is made on foot. However, drops in accessibility for this mode of transport are smaller
when we consider the scale of the whole city (Figure 8). This is connected to the fact that



Remote Sens. 2021, 13, 4804

16 of 27

any liquidated grocery shops are replaced by others that are most often of only a slightly
different type or format, which is confirmed by the analysis of accessibility to closed and
open food stores in £.6dZ for the analysed period (Figure 9). Importantly, when it comes
to accessibility for trips taken on foot, it must be stressed that residents of peripheral
areas of £.6dz, especially on non-trading Sundays, lack the opportunity to reach a retail
facility within 15 min (Figure 10). Moreover, we could also venture to conclude that, on
non-trading Sundays, car users who reside outside the city centre or large housing estates
are excluded from using grocery shops.

) T

travel time to the grocery store (minutes) [Jll residential buildings 0 2 4 8km
L 1 J

precincts

o
| commune

Figure 8. Spatial differentiation of temporal accessibility to food stores in £.6dz for trips taken on foot on trading (A,B) and
non-trading Sundays (C,D) in the basal (A,C) and final research period (B,D).

3.2. The Load of Retail Facilities

The statutory retail restrictions have had an impact on the load of grocery stores, with
the net retail space per one person-hour of grocery shopping being significantly greater on
trading Sundays (Figure 10). Primarily, this stems from the considerably reduced number
of shops that can be open on non-trading Sundays in Poland, where there are very few
exemptions from the Sunday retail ban. Other influencing factors are the type of store
and the duration of shopping. On non-trading Sundays, small local shops are the most
popular destinations, whereas on trading Sundays, it is shopping malls and centres that
are more important. Additionally, shopping in smaller stores takes much less time—up
to 30 min on average—while a visit to a mall usually lasts between 2 and 3 h [4]. The
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studies show that the different types of retail facilities are spatially differentiated in terms
of their attractiveness. Not only do larger stores boast significantly greater retail space,
but they also often provide free car parks and, importantly, offer a comprehensive range
of groceries. For these reasons, they are considerably more attractive for consumers who
prefer doing a more comprehensive shop under one roof. In consequence, they are more
willing to cover greater distances to visit this type of retail facility. On the other hand,
local shops demonstrate the reverse relative attractiveness—they are extremely attractive
to local residents when it comes to quick shopping, while they remain less appealing to
people who do not reside in their vicinity due to the noticeably limited assortment and the
necessity to cover greater distances [6,66,67].

travel time to the grocery store (minutes) [JJll resicential buildings 0 2 4 8 km
L f 1

| precincts

PSP ] commune

Figure 9. Spatial differentiation of accessibility to closed (A,C) and open (B,D) grocery stores in £6dzZ in the analysed period
when the shopping trip is made by private car (A,B) and on foot (C,D).

3.3. Modal Division

The fact that convenience stores are practically the only ones that can be open on
non-trading Sundays translates into a rise in the importance of trips taken on foot within
the modal division that we applied (Figure 11, Table 1).
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Figure 10. Spatial differentiation of the load of grocery stores in £6dZ on trading (A,C) and non-trading Sundays (B,D) in

the basal (A,B) and final research period (C,D).

share of pedestrian travel (%) [ residential buildings
| precincts

[ S . | commune
Y
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Figure 11. Spatial differentiation in percentage of trips to grocery stores taken on foot in L6dz on trading (A) and non-trading

Sundays (B) in the basal period.



Remote Sens. 2021, 13, 4804

19 of 27

As confirmed by Borowska-Stefariska et al. [4], most residents prefer to do their grocery
shopping on Sundays in stores that are located within a short walking distance from home,
regardless of whether it is a trading and non-trading day. Therefore, the percentage of local
shops in the whole structure of grocery stores in L6dz is also the highest, followed by those
convenience stores that are allowed to open on non-trading Sundays. Surprisingly, the
number of these shops has decreased over the two analysed periods (Table 7, Figure 12). It
seems likely that people have become ‘accustomed’ to changes resulting from the statutory
restrictions, and as a result, the shopping that they customarily used to do on Sundays
has already been replaced by other activities, and shopping-related mobility has been
transferred to other days of the week. This was confirmed, for instance, by Cyrek [68], who
focused on customers’ preferences regarding retail facilities following the introduction of
retail restrictions on Sundays and public holidays (as well as some certain other days) in
Poland with regard to the day of the week when they do grocery shopping. The research
showed that in the case of groceries, the restrictions limited the percentage of customers
who did shopping on Sunday, and found that they began to visit grocery stores after the
weekend (mainly on Mondays and Tuesdays) to replenish their food supplies instead.

Table 7. Summary statistics of the load of types of grocery stores in L.6dz for the analysed scenarios, factoring in the

modal division.

Trading Sunday Non-Trading Sunday
Percentage Percentage
of Load  Percentage of Load  Percentage
St Demand Demand Related of Load Demand Demand Related of Load
ore ... Pattern—  Pattern— to Trip Related . .. Pattern—  Pattern— to Trip Related
Type 8tl:3rclttlllt$we Tri'p by Trip !Jy to Trip 8:: 312:11:1_?“& Trip Trip })y to Trip
Private Taken on Private on Foot Taken by  Taken on Private on Foot
Car Foot Carin in Total Car Foot Carin in Total
Total Load Total Load
Load Load
hypermarket 2.3% 4.1% 4.8% 1.4% 3.1% 0.0% 0.0% 0.0% 0.0% 0.0%
supermarket 10.6% 15.0% 13.8% 5.2% 9.0% 0.0% 0.0% 0.0% 0.0% 0.0%
discount
super- 14.6% 14.2% 13.9% 4.9% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0%
market
- chain
.9 h d
g cashan 0.8% 1.4% 1.2% 0.5% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0%
Q. carry
T
@ general
Q food 38.4% 36.4% 32.0% 12.6% 20.9% 0.0% 0.0% 0.0% 0.0% 0.0%
store
specialised
food 5.0% 9.3% 13.1% 3.2% 8.6% 0.0% 0.0% 0.0% 0.0% 0.0%
store
C";‘tg‘;gience 28.3% 19.6% 21.2% 6.8% 13.9% 100.0% 100.0% 100.0% 4.8% 95.2%
total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Change (Percentage Points)
hypermarket —0.1 —-0.2 0.0 —-0.1 0.0 0.0 0.0 0.0 0.0 0.0
supermarket 0.6 1.0 1.2 0.4 0.8 0.0 0.0 0.0 0.0 0.0
discount
super- 1.0 1.0 1.0 0.4 0.7 0.0 0.0 0.0 0.0 0.0
market
el chain
g
-
g Caj;j;d 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T
& general
food 0.6 0.7 0.2 0.4 0.0 0.0 0.0 0.0 0.0
store
specialised
food —0.8 —-1.5 —-2.3 —0.5 —-1.5 0.0 0.0 0.0 0.0 0.0
store
convenience
store —-14 -0.9 -0.7 -0.3 -0.5 0.0 0.0 0.0 0.0 0.0
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Figure 12. Spatial differentiation of changes in the percentage of trips to grocery stores taken on foot in £6dz on trading

(A) and non-trading Sundays (B) in the final research period when compared to basal period.

3.4. Actual Accessibility

At the beginning of the analysed period, retail space accessibility per one person-
hour of grocery shopping in L6dz was virtually identical for the basic distribution of the
city’s population on the north-south (slightly displaced to the east) and east-west axes
(Figure 13). The comparative analysis of relative changes in this accessibility conducted
for non-trading (during the basal period) and trading Sundays showed drops in those
peripheral areas where there were practically no convenience stores, while relative growths
were observed in the city centre, where—despite the high population density—the number
of shops open on non-trading Sundays remained high. As stated above, the type of shop
has an additional impact on residents’ inclination to cover greater distances. Namely, the
inclination is shorter for smaller shops with limited assortment and shopping duration, so
the larger the store, the longer the acceptable distance.

The change in type and distribution of grocery stores in the analysed period has
contributed to the fact that the majority of the city’s areas have increased their accessibility
to grocery retail trade when there are no restrictions (Figure 14A). The situation changes
dramatically when grocery shopping has to be done on a non-trading Sunday (Figure 14B).
Analyses show that, besides a few boroughs, nearly the whole population of the city
experiences at least slightly worse access to grocery retail on Sundays with retail restrictions
in force.
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Figure 13. Spatial differentiation of retail space per person-hour of grocery shopping in L6dZ on trading Sundays (A), and
its relative changes for a non-trading Sunday (B) during the basal period.
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Figure 14. Spatial differentiation of relative changes in accessibility to retail space per person-hour of grocery shopping in
Lo6dz on trading Sundays (A), and its relative changes on a non-trading Sunday (B) in the final period when compared to

the basal period.

4. Discussion

Studies on the impact of changes in the freedom to trade on Sundays are carried out in
the aftermath of shifts in the legal environment. As a rule, socio-economic changes associ-
ated with market deregulation in this respect tend to be more difficult to measure (greater
statutory freedom to trade does not always translate directly into market reality) [69].
Nonetheless, research into the changes in the vector directed towards increasing the free-
dom to trade on Sundays yields a number of interesting observations (Table 8). Equally
interesting, but less frequent (retail restrictions have been lifted in most European countries
following the analysis of the needs of consumers and the national economy [12,70]), are
observations related to the opposite direction of the change vector. They are characterised
by a slightly less complex empirical picture of how shops operate (increasing regulation
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Table 8.

in this area has a more direct impact on market reality) and at the same time—as it is in
the case of market deregulation—by a wide range of external effects of the introduced
restrictions, which are difficult to measure.

The impact of Sunday trading on businesses, employees, and consumers.

Impact of Sunday Trading on

Impact of Sunday Trading on Impact of Sunday Trading on

Businesses Employees Consumers
Negative Positive Negative Positive Negative Positive
- erosion of family
- increased total values (no p0§51b{11ty o - great'er freedom
sales to spend quality time - possibility to of choice
. with loved ones) earn extra money L - possibility for
. - spread fixed cost . s - negative impact
- increased - obligatory Sunday - possibility to be . people who work
. over more days on religious .
operational cost o e work granted an extra : long hours during
: - utilise facilities . commitments
- increased labour . - no extra benefits for  day off o the week to shop
. effectively . - negative impact o
cost/premium pay . working on Sundays - generate . - possibility to
- meeting on family bonds . .
(no bonuses, days off employment spend leisure time
consumer and in lieu) opportunities in shoppin,
market demand . PP ppimg
- less time for centres
relaxation

Source: own elaboration based on: Freathy and Sparks [71], Genakos and Danchev [70], Khan [72] Kovacs and Sikos [10], Rochmiriska [73];

Skuterud [69].

Many studies focus on the impact of legislative changes related to the freedom to
trade on Sunday on employment, prices, sales (volume, structure etc.), as well as mar-
ket concentration and structure [74]. Few studies, however, directly address the spatial
perspectives that seem to be of particular importance considering that the location of a
shop determines its commercial success or failure [75]. Some spatial insights are provided
by studies conducted in countries where the regulatory process has started recently. In
Hungary, for instance, restrictions on Sunday trading have been found to lead to changes
in consumer behaviour in terms of how often and when people go shopping, how they do
it online, and how they allocate their spending, without causing any noticeable changes in
the redistribution of retail turnover and expenditure [10]. Similar research has been con-
ducted in Poland. Its main conclusions point to changes in the spatial [4,5] and transport
behaviour [4] of residents faced with shops being closed on Sundays. These analyses fail to
take into account another component strongly related to the spatial distribution of services.
This is related to the issue of retail exclusion. However, in this context, the concept of
exclusion does not always result from a total lack of opportunities to satisfy needs, but
often from a lack of access to opportunities to satisfy them here and now. According to
Kenyon et al. [76], a lack of accessibility is a key element of social exclusion, affecting
many of its dimensions. In this context, the research results presented here indicate that
restricting Sunday trading may result in retail inequality [77]. It may particularly affect
persons who do not have motor vehicles. At the same time, the emergence of Sunday
shopping deserts means that a greater proportion of motorists are forced to use their cars
to do their shopping. In this respect, it does not support the basic assumptions of the idea
of sustainable transport [78]. However, there is also the other side of the coin: the inability
to make large purchases discourages customers from travelling far, which in turn may
influence more frequent shopping in the neighbourhood. There is no need for mechanised
means of transport to do it. In this respect, the regulations introduced may have a positive
environmental impact, provided that previous Sunday consumption behaviour is shifted
and linked to other daily activities as this may result in a reduction in transport work. The
proposed research procedure reveals several limitations, which pose a challenge for further,
more profound, analyses of the subject matter. First of all, we must bear in mind that the
transport and buying behaviour of residents may have changed over the discussed pe-
riod. Although another questionnaire survey would return results that constitute vast and
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interesting diagnostic material, a survey is a time-consuming and cost-intensive method
of collecting data, which cannot be applied on a regular basis when funds are limited.
Despite this, we still believe that it would be worth re-surveying residents to determine
the evolution of their behaviour regarding Sunday shopping after a longer period of retail
restrictions being in force.

Moreover, it is not advisable to unambiguously identify the changes in the number
and type of food stores in the analysed period as being solely the effect of Sunday retail
restrictions, since the decision to commence or terminate a business activity is usually
conditioned by various factors, even if the legal and administrative ones may play a partic-
ularly important role. Equally multifactorial is the decision to select a specific location for a
business. Therefore, it would also be beneficial to conduct a survey among entrepreneurs
who newly opened or liquidated their food stores in the research period to determine the
impact that Sunday restrictions had on their final decision.

When analysing transformations of load and accessibility of retail trade in the selected
period, we assumed that the number, gender structure, and distribution of people did not
undergo any changes. However, some fluctuations in these values may have occurred in
the period of two years, e.g., related to migration. While changes in the transport system
and the network of grocery retail trade could be captured for the lowest possible level
of data aggregation, population data on this scale of spatial resolution remain extremely
difficult to obtain.

Another issue is the border effect. Despite numerous attempts to mitigate its impact,
it cannot be completely ignored, so one must take into account the limitation related to
this issue, namely the modifiable areal unit problem. Even though profound knowledge of
the spatio-functional structure allowed us to select optimum basic units for our study, the
division that we applied is still burdened with some imperfections.

Finally, the research procedure focuses exclusively on trips between home and shops,
which means that no other journeys were taken into account, e.g., travelling between a
workplace and a given store. Since the analysis focuses on Sundays (which are primarily
days off work) and grocery shops (mainly household-related shopping), we assumed that
trips from locations other than home would have an impact on the final results of the study.

5. Conclusions

The main purpose of the article was to determine the impact of the introduction of
a statutory restriction on Sunday trading on sustainable urban development in terms of
identifying areas excluded from free access to such services. Sunday retail restrictions have
contributed to changes in residents’ transport behaviour, which is particularly noticeable
for daily mobility related to shopping. In this regard, it must be stated that the lack of ac-
cessibility to the discussed facilities concerns non-trading Sundays in particular and affects
residents of peripheral areas of the city, especially those with no access to a private car.

The analysis of changes observed in the number, retail space, type, and distribution of
grocery stores between the period of most lenient and stringent restrictions proved that the
decision to terminate business activity taken by some retailers was not related to location.
This is evidenced by the fact that in almost all locations where shops ‘disappeared’ or in
their immediate vicinity, new grocery retail facilities appeared, but of a slightly different
store type. The analysis of the number and retail space of separate types of grocery stores
for the discussed periods points to a further expansion of discount supermarket chains on
the £6dz retail market, which is by no means exceptional on a national scale.

Another objective was to scrutinise changes in the scale of exclusion from access to
grocery stores concerning transport and buying behaviour resulting from the statutory
retail restrictions. Our study highlights that transport exclusion from access to grocery
stores on non-trading Sundays primarily affects people who walk to shops or live outside
the city centre or outside any of the large housing estates.

The next cognitive objective was to determine the effects that the cooccurrence of
changes in customer behaviour and the state of the network of shops have on accessibility
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to grocery stores when restrictions are in force. Residents have become at least partially
accustomed to changes resulting from the introduction of statutory retail restrictions, and,
as a result, any shopping that they customarily did on Sundays has already been replaced
by other activities, with shopping-related mobility being transferred to other days of the
week. When people do decide to shop on a non-trading Sunday, they mostly walk to the
shop, which makes running a retail business within the so-called ‘problem areas’ (in too
sparsely populated districts) economically unjustified for the keeper. For this reason, we
can observe a continuous decline in the number of retail facilities in the peripheral areas, as
opposed to a steady increase in the city centre and large housing estates, accompanied by a
constant growth in the spatial polarisation of accessibility to grocery stores on Sundays.

The completion of the methodological objective resulted in the development of a
method to analyse accessibility that incorporates such factors as changeability of transport
(modal division, travel time), buying (shopping duration) behaviour, and spatio-functional
differentiation of the researched area, which takes into account the factor of competitiveness
between individual grocery stores.

The accomplishment of the objectives set in this study allowed us to answer the
question posed in the title of this paper. Undoubtedly, the changes that result from the
statutory Sunday retail restrictions have a spatial dimension. There are areas within the
city where we can observe transport exclusion for residents who cannot easily do their
grocery shopping. Since numerous studies show that an insufficient number of nearby
stores makes people feel socially excluded, access to them seems crucial not only from an
economic point of view, but also from the perspective of the social rhetoric. However, our
analyses did not bring a clear-cut answer regarding the relationship between the Sunday
retail restrictions and business activity, i.e., opening a grocery shop.
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