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Abstract: In Poland, in 2018, the act on Sunday retail restrictions was introduced, changing citizen’s 
spatial mobility (altered patterns of transport behaviour related to shopping on a weekly scale). 
Moreover, the COVID-19 pandemic (from 2020) on transport behaviour during this time has had an 
impact, since people were encouraged to stay at home and limit their mobility to an absolute mini-
mum. As a result, the main aim of the article was to identify spatiotemporal changeability of the 
load of the urban road transport system under permanent and short-term legal and administrative 
retail restrictions and to determine its spatial and temporal nature on the example of Łódź (a big 
city in central Poland) during 2018–2021. For that purpose, the authors used three types of source 
data, i.e., official governmental normative data (acts, ordinances, etc.), informative data (official 
pandemic announcements issued during ministerial press conferences, governmental social media 
content, etc.), and objective empirical data (induction loops). The pandemic restrictions imposed on 
top of the existing permanent retail restrictions were shown to distinctly shape the weekly distribu-
tion of traffic. In weeks with non-trading Sundays, the percentage of vehicle traffic on weekdays 
was substantially higher than on weekends, which was particularly noticeable during the first year 
of the pandemic (2020). Long-term observations have also shown that people began to plan their 
weekends differently upon the initial implementation of Sunday retail restrictions. 
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1. Introduction 
The development of urban transport systems, which are extremely complex and re-

quire continuous improvement, evolved from capital-intensive to intense management. 
In general, traffic management in cities is becoming more complicated, especially when 
facing non-typical disturbances, which, for dense transport networks in urban areas, may 
have numerous co-occurring, congestion-instigating causes. Major sources of disturb-
ances within the road transport network include the spatiotemporal irregularity of de-
mand that stems from traffic changeability on different days of the week for various sce-
narios, e.g., different spatiotemporal distribution of traffic on weekdays, weekends, and 
‘transition’ days, i.e., Monday and Friday [1]. This paper focuses on the spatiotemporal 
changeability of the urban system of road transport with regard to permanent and short-
term legal and administrative retail restrictions. What makes the issue so vital is the fact 
that disturbances within the urban network have a direct impact on mobility processes 
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and shape specific movement conditions in the network. Moreover, deteriorating traffic 
conditions may also translate into changes of transport behaviour, affecting departure 
times, length of journey, destinations and modes of transport, or even resulting in aban-
doning a trip. Finally, due to the short period since the implementation of the statutory 
Sunday retail restrictions (2018) and the occurrence of the global COVID-19 pandemic, 
this important subject in urban traffic management still remains relatively unexplored. 

The COVID-19 pandemic led to a massive economic shock that has had serious con-
sequences for the EU market. Due to the highly infectious nature of the virus, drastic 
measures were taken to curb daily mobility all over the world. This approach had major 
repercussions on transport behaviour, since people were encouraged to stay at home and 
limit their mobility to an absolute minimum. Thus, the pandemic has had a significant 
impact on transport systems, although the severity varies depending on the mode of 
transport. In general, the drop in global-wide mobility mainly affected the use of mass 
transit, with people opting for the private car as a safer transport alternative, a fact which 
is by no means concordant with the idea of sustainable urban mobility. 

This study focuses on the shopping-related daily mobility of residents of a large 
Polish city which is diverse in terms of purchase transaction time, frequency, travel time, 
selected means of transport, etc. The act on Sunday retail restrictions was introduced in 
2018, changing citizen’s spatial mobility (altered patterns of transport behaviour related 
to shopping on a weekly scale), which is confirmed by a pilot survey conducted by Bor-
owska-Stefańska et al. [2,3]. The implementation of these nationwide retail regulations has 
had an immense impact on people’s spatial behaviour, since, while non-grocery shopping 
can still be done online, there is a great social necessity for groceries to be freely available. 

Moreover, daily mobility in Łódź was influenced by the COVID-19 pandemic during 
the analysed period. As shown by research carried out, i.e., by Macioszek and Kurek [4], 
the COVID-19 pandemic had a significant impact on the volume of traffic in cities. While 
the circadian rhythm (morning and afternoon peaks) remained basically unchanged, the 
volume of traffic decreased significantly, mainly after the first lockdown, when a signifi-
cant part of daily mobility was replaced by online work and learning [5]. Understanding 
the changes in traffic in a given city is extremely important, as it allows for the better 
management and adaptation of a strategy to meet the requirements of sustainable 
transport 

In the face of the aforementioned problem, the main aim of the article is to identi-fy 
the spatiotemporal changes of the load of the urban road transport system under perma-
nent and short-term legal and administrative retail restrictions and to examine the spati-
otemporal nature of this changeability on the example of Łódź (a big city in central Po-
land) during 2018–2021. The innovative character of the study stems primarily from the 
fact that it determines changes in the ‘regular’ transport behaviour of residents in a large 
city. Another feature that makes this study so innovative is the incorporation of ITS data 
(Big Data set), since research on transport behaviour plays a crucial role in the planning 
and management of transport systems. Moreover, due to the fact that the effects of the 
COVID-19 pandemic have been felt worldwide, the results herein can be compared with 
research conducted elsewhere. Interestingly, the global pandemic offers an unprece-
dented opportunity to observe the effects of simulation modelling conducted on ‘a living 
organism’ of the urban transport system. The extraordinary circumstances of the COVID-
19 pandemic allow researchers to prognosticate on how urban transport systems need to 
react to the ongoing relocation of activities (e.g., working, management and administra-
tion, and services, including the retail trade) online. Another vital issue is to determine 
whether COVID-19 pandemic-related behaviour will disappear together with the threat 
itself, or whether the new transport behaviour has consolidated to such an extent that 
modifications to transport systems will have to be made or, in some cases, even termi-
nated, which is also crucial in terms of applying the principles of sustainable urban mo-
bility. 
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This paper consists of six sections, the first being the introduction, followed by two 
parts devoted to a review of the existing literature on travel behaviour analysis (including 
an overview of the literature on the impact of the global COVID-19 pandemic and other 
restrictions on daily mobility, particularly shopping trips) and a description of permanent 
and short-term legal and administrative retail restrictions in Poland. The fourth section 
specifies the research area, providing detailed information on population, its density and 
distribution, and the structure of built-up development in Łódź. This part also includes 
descriptions of the system of the induction loop sensors against the network of the urban 
road infrastructure and the shopping-related daily mobility of residents in large cities. 
The fifth section presents the source materials used in the paper and the applied research 
methods (including a note on their limitations). Finally, the results are presented, juxta-
posed with the findings of other studies, and followed by conclusions. 

2. The Impact of Permanent and Short-Term Retail Restrictions on Daily Mobility—A 
Review of Existing Studies 
2.1. Travel Behaviour Analysis 

One of the main theories in traffic management is understanding human movement 
patterns [6] and analysing this behaviour while considering factors such as mode choice, 
travel time, activity type, etc. [7,8]. Due to the complexity of the movement patterns, there 
is an extensive literature that addresses travel behaviour analysis using different theories 
and approaches. 

In a general classification, two supporting theories can be identified for travel behav-
iour analysis. The first is based on economic and physical concepts and the second on the 
notion of social psychology. Economic and physical theories that are related to the deter-
minant mechanisms and extrinsic factors of travel behaviour attempt to describe move-
ment patterns regarding space–time constraints and the benefits gained by choosing a 
particular option. Space–time theories stem from time geography and are elaborated on 
by Torsten [9], who explained that activity–travel sequences are feasible when considering 
the spatiotemporal constraints imposed by activity and transportation systems [6,10]. Eco-
nomic theories spring from the random utility theory and discrete choice principles intro-
duced by McFadden or Ben-Aakiva and Lerman [11,12] and are the essence of travel de-
mand studies, being used to illustrate the way people choose to participate in activities by 
different modes, routes, etc., regarding the utility of existing alternatives [13]. Social psy-
chology theories (starting from the work of Ajzen [14]) are related to the intrinsic factors 
that function as a catalyst, speeding up decision-making processes and mobility patterns 
[15]. Such theories strive to adapt social and psychological concepts within the framework 
of travel behaviour analysis to explicate the effect of attitudes, habits, and values on travel 
behaviour. 

Several of the developed approaches and factors have been identified in the literature 
of travel behaviour analysis that apply these theories in practice and examine the effects 
of socio-economic, psycho-social, and built environment/physical variables on the main 
factors of transportation systems and vice versa. From the built environment aspect, 
Cervero and Kockelman [16], for example, presented density, diversity, and design as the 
main factors of the urban form. Ewing and Cervero [17] and Ewing et al. [18] added dis-
tance to transit and destination accessibility to the built environment variables, while 
Ewing and Cervero [19] put forward demand management variables such as parking costs 
for their travel behaviour analysis. Regarding the socio-economic aspect, age, income, car 
ownership, and employment were considered to be important factors affecting travel be-
haviour in human settlements [20]. Regarding the psycho-social aspect, Cao et al. [21], 
among others, studied the impact of self-selection on travel behaviour. Hiscock et al. [22] 
compared the advantages of cars with the advantages of public transport in terms of the 
social and psychologic characteristics of each mode. Steg [23] investigated the impact of 
emotional and symbolic attitudes towards cars on their usage for daily trips. 
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To study the aforementioned factors and variables, both qualitative and quantitative 
methods have been adopted by researchers and scholars. While the former have focused 
on the experience of individuals with regard to travel and are appropriate for addressing 
micro-scale questions, the latter concentrate on trip distribution and frequency, which are 
primarily suitable for tackling macro-scale questions [24]. The quantitative methods used 
in the context of travel behaviour analysis are based on regression models (e.g., linear 
regression [25], logistic regression [26], negative binomial regression [27], Poisson regres-
sion [28] Tobit regression [29], and the Structural Equation Model [30]). Questionnaires 
and surveys are the main data gathering techniques applied for this sort of research. Qual-
itative methods, on the other hand, utilize grounded theory [31,32], content analysis [33], 
case study [34] descriptive-explorative analysis [35], and thematic analysis [36] methods. 
Interviews and the forming of focus groups are the fundamental ways of gathering the 
required data for this type of research. Another stream of applied research methods is the 
combination of qualitative with quantitative approaches called the mixed method. In this 
approach, data and research methods can be acquired from both qualitative and quanti-
tative resources. For example, Baslington [37] used questionnaires and travel diaries as 
well as interviews to analyse route choice behaviour. Skippon [38] employed statistical 
tests and thematic analysis to examine vehicle performance, with a specific focus on the 
private car. 

A review of the literature also shows that, in addition to the standard data gathering 
methods (i.e., questionnaires, surveys, interviews, and so on), other types of datasets col-
lected from passive resources have been used in travel behaviour analysis. These can im-
prove the accuracy of the conventional data formats [39] and give insights about mobility 
patterns in combination with active databases. These datasets emerged by the extensive 
application of location-aware and intelligent transportation systems. Location-aware sys-
tems (including global positioning and mobile phone data) help produce key elements of 
travel behaviour such as the origin–destination matrix (Thakur et al. [40]), route choice 
recognition (Tawfik and Rakha [41]), and trip purpose identification (Schönfelder and 
Samaga [42]). An example of the application of intelligent transportation system data in 
travel behaviour analysis involves utilizing loop data to study mode choice behaviour and 
was carried out by Zhang et al. [43]. Borowska-Stefańska et al. [2] blended both inductive 
loop data with a two-stage questionnaire to analyse changes in travel behaviour due to a 
policy of retail restrictions. 

Using the above-mentioned theories, factors, and methods, travel behaviour studies 
have been conducted for a wide range of topics such as gender difference and travel pat-
terns [44,45], travel behaviour of older adults [46,47], leisure activity–travel behaviour 
[48], residential location and relocation [49,50], energy consumption [43,51,52], and resi-
dential mobility [53]. 

2.2. Trade Activity/Pandemic Conditions and Travel Behaviour Analysis 
Sunday shopping restrictions were introduced in Poland in March 2018, following 

on from the Act of 10 January 2018 on restrictions on trading on Sundays, public holidays, 
and certain other days. According to this step-by-step policy, from March 2018, shops 
could be opened for only two Sundays in each month. From 2019, shops could be opened 
only one Sunday per month, and, after 2020, all shops were not allowed to trade on Sun-
days except for four Sundays before major holidays, the last Sundays in January, April, 
June, and August [54]. Consequently, there has been a change to the travel behaviour and 
spatial mobility of residents using these facilities. Moreover, since 2019, the emergence of 
the COVID-19 pandemic has become another source of travel behaviour change, which 
has built an additional barrier for spatial mobility. A review of the existing literature 
shows that several works have been dedicated to the analysis of the travel behaviour 
changes after either the implementation of a certain policy, the holding of an event, the 
carrying out of a project, or the arising of a pandemic situation. For instance, [55] analysed 
the impact that policies restricting the use of vehicles had on demand for transport in the 
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built environment of Xi’an, China. Gu et al. [56] examined the effects of Beijing’s policy 
for driving restriction (i.e., banning drivers from travelling by their vehicles one weekday 
per week) on the travel behaviour of the city’s residents. Yang et al. [57] explored the effect 
of restricting car ownership on travel behaviour. Arroyo et al. [58] and García-Garcés et 
al. [59] explored the impact of travel behaviour changes on trip characteristics (i.e., allo-
cated time for driving, number of companions on trips, etc.). Shires et al. [60] studied 
travel behaviour change after the closure of the Forth Road Bridge in Edinburgh, Scotland. 
Walsh et al. [61] investigated the impact of wildcard events on transport infrastructures. 
Parkes et al. [62] conducted research into understanding the travel behaviour changes that 
took place during the London 2012 Olympic Games. Li and Guo [63] reported the effect 
of the Olympic Games and the associated traffic restriction on travel speed and traffic 
volume change in Beijing, China. Han et al. [64] and Wang et al. [65] studied the effect of 
holidays on travel behaviour. Ren et al. [66] researched the impact of a high-speed rail 
project on travel behaviour changes in Chengdu-Chongqing, China.  

Since COVID-19 was declared a public health emergency of international concern, 
many countries have fought to prevent the importation and subsequent local transmission 
of SARS-CoV-2 [67]. This has led to most countries in the world introducing numerous 
restrictions, not only on economic activity, but also on transport, travel, and the daily mo-
bility of people [68–71].  

The coronavirus pandemic has proved a major challenge around the world, includ-
ing countries in the European Union [72]. The spread of the COVID-19 pandemic has re-
sulted in the implementation of emergency measures that restrict travel, movement, and 
participation in various types of events [53,73]. A number of stringent rules, for example, 
stay-at-home policies, the remote operations of schools, public institutions and work-
places, as well as restrictions on public transport, have affected around 90% of the world’s 
population, contributing to an unprecedented reduction in daily mobility [74–77]. 

Closed and crowded places, including the transport hubs that are visited by crowds 
of people every day, are potential sites for the spread of coronavirus [78–80]. There is a 
risk of virus transmission in the means of public transport, which are used by millions of 
people worldwide every day [81,82]. There are two main approaches to studying the issue 
of public transport from the perspective of the COVID-19 pandemic. On the one hand, 
researchers have examined the impact of the transport sector on the spread of COVID-19. 
Most research has demonstrated how changes in spatial mobility affect the spread of the 
COVID-19 pandemic [83]. Shamshiripour et al. [77] studied the reshaping of activity–
travel behaviour resulting from the spread of COVID-19 by performing a comprehensive 
study in the Chicago metropolitan area. Irawan et al. [84] examined activities and the as-
sociated journeys in Indonesia during the COVID-19 pandemic, with a special focus on 
norms and protective behaviours. Abdullah et al. [85] explored the effects of the COVID-
19 pandemic on transport mode preferences and travel behaviour. Grenfell et al. [86] 
pointed out that COVID-19 cases related to transport means and hubs are a key factor in 
the spread of the pandemic. Linka et al. [87] suggested that unrestricted mobility would 
greatly accelerate the spread of the COVID-19 pandemic, particularly in central Europe, 
Spain, and France. According to Müller et al. [88] as well as Marston et al. [81], public 
transport plays a significant role in spreading infectious diseases, and attempts to control 
the spread of infections through public transport are therefore able to limit the rate of the 
spread of infections. As evidenced by the research conducted by Przybylowski [69], the 
pandemic has had a profound impact on changes in mobility options, such as a drop in 
shared mobility and an increased reliance on private mobility. In addition, a growing 
number of publications reveal a strong interest in the impact of the coronavirus pandemic 
on mobility, which will allow for a comparison of the impact of (pandemic-related) re-
strictions on mobility in international terms [69,89–92]. 
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2.3. Impact of Activity/Travel Policies on Travel Behaviour for Shopping 
Besides the above-mentioned studies, there are particular pieces of research that are 

squarely aimed at travel behaviour for shopping activity. For example, Wiese et al. [93] 
concentrated on the influencing factors and the environmental effects. They took con-
sumer characteristics (i.e., socio-demographic, personal, and situational) together with ex-
ternal variables into account when analysing the choice of transport mode and travel be-
haviour of different groups. This study explained the factors affecting travel behaviour 
for shopping by utilizing a qualitative method; however, the concept of travel behaviour 
changes due to shopping activity restriction was not covered. Similarly, Zhang et al. [94] 
explored travel behaviour for the shopping habits of millennials by considering the built 
environment, life stages, and preferences. They used travel survey data to explore the de-
terminants of travel behaviour for the shopping and mode choices of millennials. Alt-
hough the effect of the indicated factors was measured and they found that completed 
shopping facilities and a connection to public transportation encouraged the usage of ac-
tive modes, the impact of travel behaviour changes resulting from restricting the shopping 
amenities has not been analysed. Farag et al. [95] took the notion of changes to travel be-
haviour and applied it to assess the effect of e-shopping on travel behaviour. The results 
showed that travel behaviour is highly affected by e-shopping in the central and medium-
sized cities of the Randstad, and the increase in this type of shopping is expected to reduce 
the use of car, walking, and cycling modes in the travel behaviour of people in both the 
less and more urbanized areas of the Netherlands. Zhou and Wang [96] also examined the 
relationship between e-shopping and shopping trips and found that online shopping en-
courages shopping trips while shopping trips decrease the inclination to do e-shopping. 
However, these works did not address the changes to travel behaviour for shopping 
caused by adopting a particular policy. 

Although the above-mentioned studies addressed the topic of changes to travel be-
haviour or travel behaviour for shopping, there are few pieces of research that have ex-
amined the changes to travel behaviour due to implementing a policy of trading re-
strictions. Chmielewski [97] explored the effect of trade bans on daily traffic volumes on 
weekends in Bydgoszcz. He found that traffic volume in places located far away from the 
central parts of the city with low transport attractiveness in terms of trading and shopping 
activities significantly increased after the introduction of such restrictions. Borowska-Stef-
ańska et al. [3] investigated the changes to consumer travel and mobility behaviour after 
the trade ban. Based on a survey, the effects of variables (e.g., motivation, modal share, 
and shopping time) were measured. They found that the behaviour of people changed 
considerably after the execution of this policy. In terms of travel purposes, after the intro-
duction of the Sunday trade ban, people tended to travel for recreation and leisure activi-
ties instead of staying at home or doing grocery shopping. Borowska-Stefańska et al. [2] 
studied changes of transport behaviour after the imposition of the retail restrictions. Traf-
fic load and volume, the main factors for analysing spatial mobility patterns [98–100], to-
gether with variables such as trip motivation, the number of trips, travel time, mode trans-
fer, and travel time window, were collected through a two-stage questionnaire and dis-
closed the spatial mobility of residents. The results implied that the legislative restrictions 
related to the trade ban notably affect mobility parameters. Along with the COVID-19 
pandemic and measures on the shopping activity, Parady et al. [101] conducted a web-
based survey and suggested that the degree of self-restriction of a person from the others 
has a small association with the reduction in travel frequencies for shopping purposes. 
Beck and Hensher [102] carried out a comprehensive survey to analyse household activ-
ity–travel changes after restrictive measures were implemented. For shopping travel be-
haviour, they found that travel for shopping purposes, either for food or other items has 
fallen, along with a reduction in the total number of household trips. 

To recapitulate, the literature on changes to travel behaviour in response to the trade 
ban policy and COVID-19 pandemic reveals that the existing works tackled either the first 
or the second topic. However, in practice, both of these impediments affect trips for the 
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purpose of shopping and, consequently, residents’ activity–travel behaviour. Thus, ana-
lysing the coexistence effect of these elements on the change of travel behaviour and mo-
bility patterns is of utmost importance for the areas that follow policies such as Sunday 
trade bans together with pandemic situation, as it not only develops an understanding 
about the consequences of the activity prohibition policies on travel behaviour, but also 
has implications for future policy-making in the sense that lawmakers can evaluate the 
effectiveness and premises behind the new course of actions and regulations. Addition-
ally, most of the indicated studies utilized surveys to ascertain the changes to travel be-
haviour. Nevertheless, spatial facets of mobility patterns were not directly reflected 
through the descriptive data and stated preferences. Therefore, there is room for the ap-
plication of empirical data gathered from auxiliary sources (i.e., detectors and smart sen-
sors) alongside those used to profoundly scrutinize the spatial distribution of journeys 
and changes to travel behaviour. In short, this article contributes to the body of existing 
knowledge by (1) using extensive and accurate spatiotemporal data for analysing changes 
to travel behaviour and (2) assessing the effects of both Saturday trade bans as a step-by-
step policy and the COVID-19 pandemic on spatial mobility patterns, a notion including 
the movement of people, commodity, information, capital, and the local features related 
to traveling and daily trips in urban spaces [103]. 

3. Permanent and Short-Term Legal and Administrative Retail Restrictions in Poland 
3.1. Permanent Sunday Retail Restriction 

Regulating shop opening hours is not a new phenomenon. In fact, it has been a re-
curring economic issue for decades, one which affects other spheres, including law, reli-
gion, and ethics [104]. Therefore, the problem can be analysed not only from an economic 
point of view (based on profit efficiency and maximisation, employment and pricing pol-
icies, and competitiveness), but also in terms of government strategy or religious values 
[104]. Retail restrictions have both positive and negative effects for businesses, employees, 
and consumers, as shown by Freathy and Sparks, Skuterud, Genakos and Danchev, 
Kovács and Sikos, Khan [104–108]. 

Initially, regulations on retail restrictions in Europe were adopted for political and 
religious reasons so that employees previously working on Sundays could visit places of 
worship. This rationale has changed following the dynamic restructuration of European 
retail markets, which has led to the dominance of big players. This has forced legislators 
to introduce laws protecting the small retailers who could not compete in spheres such as 
marketing [109]. The issue of regulations concerning shop opening hours (on Sundays in 
particular) has been regularly discussed in many European countries over the last two 
decades. Since there is no common EU law to regulate the matter, member states individ-
ually exercise control over retail trade on Sundays [110].  

In Poland, an act on retail restrictions on Sundays and public holidays (as well as 
certain other days) was introduced in March 2018. The restrictions were introduced grad-
ually [2,3]. However, by imposing such restrictions, Poland remains an exception in the 
EU [111]. 

3.2. Short-Term Retail Restrictions Due to the COVID-19 Pandemic 
The COVID-19 pandemic has impacted nearly all aspects of people’s life due to the 

numerous restrictions and bans implemented by governments to curb the spread of the 
virus. This has particularly affected the retail trade [94,112], since the whole pandemic 
period has been marked by limited access to retail facilities—both individual shops and 
large shopping malls. Below, the authors present the chronology of retail restrictions re-
lated to the pandemic in Poland. The very first restrictions were imposed on 14 March 
2020, i.e., 12 days after Poland’s patient zero was confirmed. They applied to all retail 
facilities, excluding grocery stores, laundries, pharmacies, and health and beauty retailers. 
Initially, retail facilities were supposed to reopen on 25 March 2020; however, due to the 
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continuous spread of the virus, the ban was extended till 11 April 2020, and then until 20 
April 2020. In addition, on 31 March 2020, the number of customers allowed in a shop was 
limited to three people per cash register, and ‘hours for senior citizens’ were implemented 
(10 a.m. to 12 a.m.), when shopping could only be done by customers over 65. Government 
announcements also obliged all customers to wear masks and disposable gloves inside 
the shop. The first softening of restrictions began on 20 April 2020—shops that offered up 
to 100 sqm of retail space per customer could serve four people per cash register, while 
larger stores were supposed to provide a minimum of 15 sqm of retail space per person. 
Stores in shopping centres and malls reopened even later, namely on 4 May 2020, and 
customers who visited them had to strictly comply with the principles of the sanitary re-
gime. At this time, the hours for senior citizens were abandoned. However, the most im-
portant stage of lifting restrictions took place on 30 May 2020, when all customer limits 
were removed (except the obligation to wear a mask). This marked the end of the first and 
most stringent period of COVID-related retail restrictions. 

Following a few months of relative stability, the pandemic situation became more 
dynamic in August 2020. Facing an increasing number of new infections, the government 
decided to introduce a regionalisation scheme at the county level, dividing Poland into 
three types of zones: red, yellow, and green. The classification was fluid and based on 
current pandemic statistics. In each type of zone, different restrictions remained in force, 
depending on the number infected in a given county, with the most stringent restrictions 
applying to counties in the red zone. Important for the retail trade, regardless of the zone, 
there were no substantial changes except for the obligation to keep a safe distance of 1.5 
metre and to wear a mask. On 10 October 2020, the whole territory of Poland was declared 
a yellow zone, where shoppers were obligated to disinfect their hands upon entry and use 
disposable gloves. Due to a dramatic rise in the number of new infections, on 15 October 
2020, hours for senior citizens (10 am to 12 am) were restored, and stricter retail re-
strictions were imposed in red-zone counties. Namely, shops that offered up to 100 sqm 
of retail space per customer could only serve five people per cash register at a time, while 
larger stores had to provide a minimum of 15 sqm of retail space per shopper. In the face 
of the worsening pandemic crisis and the rocketing number of new cases, on November 7 
2020, stores in shopping malls were closed again (excluding grocery and DIY stores, pet 
shops, health and beauty retailers, and pharmacies). In shops that offered below 100 sqm 
of retail space per customer, one shopper per each 10 sqm could enter, while, in larger 
stores, the limit remained one customer per 15 sqm of retail space. 

With the Christmas season approaching, the government decided to reopen shop-
ping malls on 28 November 2020, provided they were in compliance with the strict prin-
ciples of the sanitary regime and still observed the limits of retail space per customer. 
Additionally, the number of trading Sundays in December was increased from two (13, 
and 20 December) to three (6 December). 

On 28 December 2020, Poland entered a period of national quarantine, during which 
all shopping malls were closed (with the exception of grocery stores, pharmacies, and 
health and beauty retailers). These restrictions were lifted only after New Year’s Day. On 
1 February 2021, malls were reopened with customer limits sustained (one shopper per 10 
sqm in shops that offered up to 100 sqm of retail space, and one person per 15 sqm in 
larger stores with retail space over 100 sqm). 

The constantly increasing number of infections forced the government to reintroduce 
the regionalisation scheme, this time based on larger administrative units (provinces, not 
counties). On 27 February 2021, all shopping centres and malls in the Warmia-Masuria 
Province (northern Poland) were closed again, followed on 11 March 2021 by the Pomer-
anian Province (also northern Poland), the Masovian Province (central Poland, which in-
cludes the country’s capital city), and the Lubusz Province (western borderlands). Almost 
a week later, on 17 March 2021, a partial national lockdown was imposed, affecting retail 
trade throughout Poland. 
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Before Easter, safety regulations were retightened. All shopping centres and malls 
were closed (with the exception of grocery stores, health and beauty retailers, pharmacies, 
news agents, and bookshops), including large-format DIY stores with retail space above 
2000 sqm, and customer limits were lowered again—one person per 15 sqm in stores be-
low 100 sqm of retail space, and one person per 20 sqm in facilities above 100 sqm of retail 
space. These restrictions were only loosened in late April 2021, when regionalisation was 
reintroduced at the level of province (including the Łódź Province) before being gradually 
lifted from 4 May 2021. 

4. Study Area 
The research focuses on the city of Łódź, an area in central Poland that is particularly 

interesting for demographic, retail, and transport research, as has been proven by numer-
ous studies including that of Wójcik’s [113], who showed that the contemporary structure 
of the settlement network in the province is the result of multiple changes during the in-
dustrialisation period. These mainly affected the size of the main cities, as can be seen in 
Łódź—the capital of the region, which has a ten times larger population than other towns 
in the administrative borders of the Łódź Province. What is more, the Łódź Agglomera-
tion alone possesses half of the economic potential of the whole province [114].  

Characterised by a relatively high population density, especially in the large housing 
estates of Retkinia, Olechów, Teofilów, Chojny, and Widzew, the city has a structure of 
retail network (Figure 1) that corresponds with its population density. This is particularly 
noticeable in the central and western parts of the city. As shown by Kowalski and 
Wiśniewski [115], Łódź boasts 15 shopping centres, which, according to the division ap-
plied by the Polish Council of Shopping Centres, are divided into 13 traditional shopping 
malls, 1 retail park, and 1 specialised retail centre. Traditional shopping centres are scat-
tered around the city and are mostly located in the centre and along the axes connecting 
large housing estates. 
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Figure 1. Population density against the retail network in Łódź. 

Since the study herein focuses on induction loops in Łódź, the authors had to take 
into account the local road infrastructure and types of built-up development (Figure 2). 
The majority of loops are located in the Śródmieście district (city centre) and across other 
central parts of the city, and their distribution corresponds with the grid-shaped frame-
work layout of roads in the city centre, which becomes gradually more disharmonious the 
farther out one goes. With regard to built-up development, the highest concentration of 
loops can be observed in residential areas, especially in housing estates consisting of 
apartment blocks. The transport axes of the city are streets and avenues of national and 
regional roads running longitudinally and latitudinally. Another factor that determines 
the city’s accessibility is the network of expressways and motorways which form an un-
closed ring road [115]. 
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Figure 2. Distribution of intersections with induction loop sensors against the network of road in-
frastructure and types of built-up development in Łódź. 

In Łódź, 79.3% of trips are taken by motorised transport, including 42.4% by private 
car, and 35.3% by mass transit. As for passenger–kilometre ratio covered, this percentage 
(trips taken by motorised transport) is 94.4%, including 54.9% for passenger car, and 28.4% 
for mass transit. 

A Pilot Survey… [116] showed that Łódź is the third biggest city in Poland when it 
comes to the number of trips (Figure 3), following Warsaw (the country’s capital) and 
Cracow (one of the oldest cities and a former capital). In terms of frequency, the structure 
of trips in Łódź is obviously dominated by journeys taken on weekdays, while weekend 
trips amount to nearly 10% of all journeys (Figure 4), which is similar to other big cities in 
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Poland (excluding Warsaw, where the values are higher, but also incomparable, mainly 
due to the dominant administrative function of the capital city). 

 
Figure 3. The annual number of trips arranged by the capitals of the provinces in Poland. Source: 
own elaboration based on Pilot Survey… [116]. 

 
Figure 4. The percentage of trips arranged by selected destinations in Łódź. Source: own elaboration 
based on Pilot Survey… [116]. 

Moreover, when compared to other capitals of provinces, Łódź has the lowest aver-
age distance for shopping trip per person, which means that, in the researched area, the 
highest traffic density is generated by shopping trips (Figure 5). 
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Figure 5. The average distance of shopping trip per person arranged by the capitals of the provinces 
in Poland. Source: own elaboration based on Pilot Survey… [116]. 

The structure of annual car mileage in Łódź is dominated by very long (>300 km) and 
short (11 to 20 km) journeys. Over 47% of the mileage done by Łódź residents in cars are 
local trips (Figure 6). 

 

Figure 6. The structure of annual car mileage arranged by trip length in Łódź. Source: 
own elaboration based on Pilot Survey… [116]. 

5. Materials and Methods 
5.1. Materials 

The source data used in the study can be divided into three classes (Figure 7), the first 
being normative data, based on official acts and ordinances applicable nationwide (Po-
land is a unitary state) and containing information on the type of restrictions, their terri-
torial scope, and chronology. The second class (official informative data) is based on in-
formation that was used for two major purposes—the analysis of time periods between 
public announcements on restrictions and the date when they entered into force (usually 
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after a few days) and the juxtaposition of pandemic-related variables (number of infec-
tions, hospitalised patients, people in quarantine, and deaths due to COVID-19) against 
measurements that determine mobility. Even though the applied variables are not fault-
less [117], they must be assumed to be objective, since, on their basis, specific steps have 
been taken to implement various restrictions; moreover, due to the lack of other data, 
these variables constitute criteria used to illustrate the scale of the pandemic to the public. 

 
Figure 7. The diagram of datasets used in the study. 

The third class of sources are results of empirical measurements conducted by induc-
tion loops of the ITS in Łódź [118], collected between 2016 and 2021. These data have fea-
tures that enable them to be classified into Big Data sets [119] and be used in geographical 
and traffic engineering studies [115,120]. Due to the archiving method applied by the data 
administrator (the City of Łódź) and the type of detectors and their network, the obtained 
data had to undergo a series of verification procedures before they could be used for the 
purposes of this study (Figure 8). 

 
Figure 8. The diagram presents the procedure of building a dataset from the ITS data to be used in 
further analyses. 
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The aforementioned procedures and (Figure 8) individual stages were as follows: 
During the first stage—conducted automatically by the SCATS system—, traffic was mon-
itored continuously (measurements taken by detectors of induction loops) in 15-min in-
tervals and 24 h per day for each lane within all intersections monitored by the system. 
Next, the results were archived by the local road authorities and could be exported as 
tables with measurements at 15-min intervals for each induction loop installed within a 
given intersection (the database allows exportation of a single data file for one intersec-
tion) in a given year. The next step was to combine the observations from all dates into 
one database. During the next stage, a series of separate files retrieved from the archive 
were combined into one coherent database. Then, erroneous records were deleted: firstly, 
any results directly indicating an error were removed (data: ‘DA’, ‘BAD’, and ‘-’); then, all 
records indirectly containing erroneous information were erased (e.g., the number of ve-
hicles that travelled through an intersection within a 15-min interval exceeded the sensical 
capacity of a given lane in free flow traffic conditions). The next stage was a step necessary 
due to the fact that the analysed data covered a long period of time during which the road 
network was being modernised (e.g., lanes on intersections were added or removed) and 
the ITS system increased its scope of operation (a broader range of monitoring). In order 
to avoid the effect of excessive cumulation of vehicle numbers in records taken by a con-
stantly expanding network of detectors, the authors decided to narrow the research area 
only to those intersections and detectors from which records were available throughout 
the whole analysed period. The final version of the database contained information on a 
given intersection and lane, as well as date, hour, and results of the measurement (taken 
at a 15-min interval). This procedure was applied so that new data (coming from the de-
veloping system) or erroneous data did not distort the picture in the period-to-period 
comparisons. 

5.2. Methods 
The databases prepared for this study were research material that allowed the au-

thors to ‘search’ for the changeability of the load of the urban road network in time and 
space, which accompanies the implementation of permanent and short-term retail re-
strictions. Changeability in time was analysed first. For each researched year, the average 
number of vehicles was determined based on the ITS measurements taken at 15-min in-
tervals for each day of the week. Years 2016 and 2017 (no retail restrictions) were incorpo-
rated as ‘points’ of reference. They allowed the authors to determine how transport be-
haviour (at least the one affecting traffic distribution in the city) changed in the following 
years, when retail restrictions became more and more stringent. For years with retail re-
strictions, the authors additionally averaged the aforementioned time aggregates (15-min 
intervals, days of the week), applying a division into weeks with trading or non-trading 
Sundays. In order to analyse the spatial dimension of the changes in question, the average 
weekend traffic volume for weeks with and without retail restrictions on intersections 
monitored by the subsystem of induction loops (illustrated with a pie chart) was super-
imposed on the map of the road network in Łódź. This allowed the authors to establish 
the average number of vehicles and the fluctuations between weekends with and without 
a trading Sunday on the individual nodes of the network. 

A similar approach was applied to analyse correlations between the load of the road 
network and short-term retail restrictions related to the COVID-19 pandemic. Time 
changeability was studied by superimposing—on the time axis illustrating the period of 
the pandemic in Poland (represented by days of the week characterised by a specific im-
age of traffic distribution in time—Monday, Tuesday–Wednesday–Thursday, Friday, Sat-
urday, and Sunday)—the following variables: the number of vehicles recorded by the ITS 
on a daily basis during the pandemic; the number of vehicles recorded by the ITS during 
the corresponding period a year before; the period of restrictions related to shopping; and 
the period of religious and public holidays, which are statutory days off. For the purpose 
of identifying and analysing possible spatial changes in the load of the road network, the 
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whole city was divided into eight concentric research areas, constructed around the Urban 
Core Zone of Łódź, which was nominated as research area no. 1. Other ‘districts’ were 
created by assigning the city’s sections with different degrees of vicinity to the Urban Core 
Zone. Sections that shared the same degree of vicinity were classified as a single research 
area. Next, for each area, the authors identified the location of loop detectors within its 
borders, and then, on the basis of the results obtained from the network of sensors in a 
given area, they determined the volume of road traffic for the period when each type of 
retail restrictions remained in force and for the corresponding period a year before. This 
enabled the authors to present percentage changes in the volume of road traffic for differ-
ent areas of the city when compared to a ‘regular’ period for each of the analysed cases. 

The main limitation of the study lies in the data component itself. First of all, the data 
on vehicle flows shows traffic density monitored at access points, i.e., entrances to inter-
sections that have limited capacity. In consequence, the temporal (15-min intervals) rep-
resentation of traffic density on the road network only shows the amount of traffic that 
could travel through the intersection during a given interval. What is more, the ITS data 
illustrate all traffic without specifying trip motivations, which means that researchers 
must be very careful when drawing conclusions on the impact of retail restrictions on 
traffic volumes. 

6. Results and Discussion 
6.1. Permanent Retail Restrictions 

The implementation of Sunday retail restrictions resulted in a noticeable decrease in 
the traffic percentage on non-trading Sundays in the weekly distribution of traffic vol-
umes (Table 1). Importantly, a lower mobility of car users is observed regardless of 
whether retail restrictions are in force. 

Table 1. Weekly distribution of road traffic in Łódź between 2016 and 2021. 

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
2016 14.9% 15.3% 15.6% 15.8% 15.8% 12.4% 10.2% 
2017 15.3% 15.6% 16.1% 13.0% 11.2% 14.5% 14.3% 

2018 week with trading Sunday 15.1% 15.4% 15.5% 15.5% 15.9% 12.4% 10.1% 
week with non-trading Sunday 15.7% 15.8% 16.1% 16.2% 16.1% 11.6% 8.5% 

2019 week with trading Sunday 14.9% 15.3% 15.1% 15.2% 16.1% 12.8% 10.7% 
week with non-trading Sunday 15.4% 15.8% 15.8% 15.6% 15.9% 12.5% 9.1% 

2020 
week with trading Sunday 15.2% 15.7% 15.5% 15.7% 16.2% 12.0% 9.8% 
week with non-trading Sunday 16.5% 17.0% 17.0% 16.4% 13.5% 11.0% 8.6% 

2021 week with trading Sunday 15.6% 15.9% 15.8% 15.7% 16.3% 11.5% 9.2% 
week with non-trading Sunday 15.5% 15.7% 15.9% 16.0% 16.6% 12.5% 7.9% 

Source: own elaboration based on the data from the ITS in Łódź. 

As can be seen in the first months following the implementation of retail restrictions, 
some shoppers—still unaccustomed to the concept of non-trading Sunday—did their 
shopping last-minute, i.e., the day before (hence, the high load of the road network on late 
Saturday afternoons). During this period, considerably denser traffic was recorded on Sat-
urdays preceding non-trading Sundays [3]. However, the analyses conducted for a longer 
period return quite different results. It turns out that, in absolute terms, less traffic is, on 
average, observed on Saturdays preceding non-trading Sundays (Figures 9 and 10). The 
temporal distribution of traffic on Saturdays preceding trading Sundays (Figure 10) is 
similar to the values observed on Saturdays before the implementation of statutory retail 
restrictions (Figure 11). The transport peak on Saturdays preceding non-trading Sundays 
is significantly shorter, even though the value of maximum measurements (max. 15-min 
intervals) is comparable. The situation related to the traffic load of the road network for 
trading and non-trading Saturdays changed in 2021, when a distinct rise in the number of 
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vehicles was observed in Łódź on Saturdays preceding non-trading Sundays (Figures 12–
14). 

 
Figure 9. Temporal differentiation of the average number of vehicles on the road network in Łódź 
for weeks with a trading (A) and non-trading (B) Sunday in 2018. Source: own elaboration based on 
the ITS in Łódź. 

 
Figure 10. Temporal differentiation of the average number of vehicles on the road network in Łódź 
for weeks with a trading (A) and non-trading (B) Sunday in 2019. Source: own elaboration based on 
the ITS in Łódź. 
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Figure 11. Temporal differentiation of the average number of vehicles on the road network in Łódź 
in 2017. Source: own elaboration based on the ITS in Łódź. 

 
Figure 12. Temporal differentiation of the average number of vehicles on the road network in Łódź 
for weeks with a trading (A) and non-trading (B) Sunday in 2020. Source: own elaboration based on 
the ITS in Łódź. 

 
Figure 13. Temporal differentiation of the average number of vehicles on the road network in Łódź 
for weeks with a trading (A) and non-trading (B) Sunday in 2021. Source: own elaboration based on 
the ITS in Łódź. 



Sustainability 2022, 14, 5137 19 of 33 
 

 
Figure 14. Spatial differentiation of the average number of vehicles on the road network in Łódź on 
Saturdays preceding trading Sundays (A) and its change on Saturdays preceding non-trading Sun-
days (B) between 2016 and 2021. Source: own elaboration based on the ITS in Łódź. 
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This may stem from the surge in purchases previously blocked by pandemic-related 
restrictions (that were not loosened before February). In Poland, these needs are custom-
arily satisfied during non-daily shopping in malls [121]. The lack of purchases can be in-
directly seen in the data, revealing the dynamic growth of savings that were amassed by 
Poles in the first pandemic year. Facing limited possibilities to spend money and relatively 
mild transformations on the job market, Poles increased their savings by a staggering 10% 
on a YoY basis as of late September 2020. More direct evidence of how sudden the con-
sumer responded to the opening of retail facilities can be found in the data on YoY changes 
in retail sale volumes. While in January (the height of pandemic restrictions), retail sales 
decreased by nearly 3% on a YoY basis (which is a relatively low value when compared 
to the non-pandemic January of 2019), and the value rose by over 17% and over 25% in 
February and March, respectively (the low base effect can only be considered for the 
March stats [122]. Even stronger evidence can be found in the detailed data on the struc-
ture of these spendings (Table 2). 

Table 2. Retail sales of goods in Poland during the COVID-19 pandemic (March 2020–March 2021). 

Periods 
Food, Beverages 

and Tobacco 
Products 

Textiles, Clothing, 
Footwear 

Furniture, Radio, TV 
and Household 

Appliances 
 Corresponding period of previous year = 100 

2020 III 109.9 49.5 83.5 
2020 IV 90.9 35.4 83.4 
2020 V 97.7 88.3 114.6 
2020 VI 100.2 93.5 116.8 
2020 VII 103.0 103.4 116.8 
2020 VIII 99.9 99.5 110.9 
2020 IX 104.8 96.5 109.7 
2020 X 100.9 88.3 113.0 
2020 XI 99.4 75.6 100.7 
2020 XII 102.3 85.7 105.1 
2021 I 100.5 57.2 108.8 
2021 II 95.6 109.9 111.1 
2021 III 103.7 190.7 141.3 

Source: own elaboration based on the data from the Polish Central Statistical Office [123]. 

On trading Sundays, traffic is considerably denser than on Sundays with permanent 
statutory retail restrictions (Figure 15). The clear difference unambiguously shows that a 
substantial percentage of Sunday car mobility in Łódź is related to chains of trips where 
shopping is a motivator. 
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Figure 15. Spatial differentiation of the average number of vehicles on the road network in Łódź on 
trading Sundays (A) and its change on non-trading Sundays (B) between 2016 and 2021. Source: 
own elaboration based on the ITS in Łódź. 
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6.2. Short-Term Retail Restrictions 
Since the section above mainly focuses on the impact that permanent retail re-

strictions have on the load of the transport network, and since the issue of short-term 
(pandemic-related) restrictions is discussed rather superficially, the section below is de-
voted to a more detailed presentation of the effect of the short-term restrictions on the 
urban road network. 

An initial analysis showed that fear of COVID-19 had a marginal impact on mobility 
in Łódź. When volumes of recorded traffic and variables illustrating the course of the pan-
demic in Poland are superimposed on the city’s road network, no significant drop in traf-
fic density is observed, even in light of catastrophic pandemic statistics during the second 
and third wave (Figure 16). Most fluctuations stem from restrictions imposed by the gov-
ernment, rather than residents’ volitional reduction in mobility. In general, the imposed 
restrictions usually caused a substantial limitation of mobility [89], which could also be 
noticed in the initial period of the pandemic in Poland. Even though the first wave was 
relatively mild, the restrictions introduced at that stage (lockdown) resulted in a substan-
tial decrease in traffic density (extremely low volumes were recorded for the period). With 
the first wave over and most restrictions lifted, the traffic volume stabilised at a relatively 
high level. The next, considerably more severe, waves never resulted in traffic reductions 
comparable to the dramatic drop of spring 2020, even though the government reimple-
mented the most severe restrictions and imposed another lockdown at the turn of 2020 
and 2021. This may indicate that Łódź residents became far less disciplined and more re-
luctant to limit their mobility. Possibly, they ‘grew tried’ of pandemic restrictions and 
were less willing to obey them, while numerous controversies over the official pandemic 
statistics issued by the Ministry of Health only deepened the problem. Interestingly, the 
issue of the accuracy of the pandemic data has been a common problem not only in Poland 
[117]. 
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Figure 16. Temporal differentiation of the number of vehicles recorded by the ITS in Łódź against 
the number of new infections (A), deaths (B), and people who were quarantined (C) and hospital-
ised (D) due to the COVID-19 pandemic. Blue zone—number of vehicles; blue line—the trendline 
for the number of vehicles; red zone—variables related to COVID-19; red line—the trendline for 
variables related to COVID-19. Source: own elaboration based on the data from ITS in Łódź and the 
Ministry of Health. 

Detailed analyses of the chronology of short-term (pandemic-related) retail re-
strictions and traffic volumes reveals interesting correlations. Throughout the whole pe-
riod of the pandemic restrictions, traffic in Łódź was lower than during the corresponding 
pre-pandemic period, which is also reflected in the results of other studies [122]. Regard-
less of the day of the week, the lowest traffic was recorded in the initial period of pandemic 
restrictions (mid-March until after Easter). Even though the restrictions were not loosened 
after Easter, traffic volumes in Łódź began to grow systematically and stabilised at a rela-
tively high level when shopping malls were reopened (Figure 17). The volume of Sunday 
traffic remained steady and low, with slightly higher values recorded only for a few Sun-
days (the trading Sundays before Christmas and two trading Sundays during the summer 
holiday). When compared to Sunday traffic, Saturday volumes were higher, but still lower 
than in the pre-pandemic period. As for working days, the authors also observed a differ-
ence between pandemic and pre-pandemic volumes of traffic, but it was smaller than for 
weekends. Interestingly, on Fridays during the pandemic when the majority of re-
strictions were loosened for the summer holiday, the traffic was slightly denser than in 
the corresponding pre-pandemic period.  
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Figure 17. Temporal changeability of the number of vehicles recorded by the ITS in Łódź on Sun-
days (A), Saturdays (B), Mondays (C), Fridays (D), and Tuesdays, Wednesdays, and Thursdays (E) 
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during the COVID-19 pandemic against the background of effective retail restrictions. Green 
point—public and religious holidays (days off work); T—days of the week with a trading Sunday; 
red line—the period when a restriction remained in force (e.g., #1); blue line—the number of vehicles 
between 2020 and 2021; intermittent grey line—the number of vehicles in the corresponding period 
a year before. Source: own elaboration based on the data from the ITS in Łódź. 

Even though subsequent nationwide restrictions (introduced during the second and 
third wave) lowered traffic density, their impact was never as significant as those imple-
mented during the first wave. Traffic was lower, but grocery sales remained unaffected 
(Table 2), which may prove that consumers redefined their shopping behaviour and began 
to shop online [77] or in local stores near home. However, this is still to be confirmed by 
more profound studies. 

During the period of pandemic restrictions, traffic recorded in the city centre de-
creased when compared to the corresponding period before, which was particularly no-
ticeable once customer limits were introduced. Zones around the centre which house ma-
jor arteries and thoroughfares (parts of the framework layout of the transport network—
the inner ring road in Łódź), recorded higher traffic loads in almost all periods of pan-
demic restrictions when compared period to period. In the peripheral areas of the city, 
traffic became lower during the initial stage of pandemic restrictions (the first wave), but 
successive waves and the resultant restrictions did not bring about a substantial drop in 
traffic density, and, in one case, even higher traffic volumes than a year before were ob-
served (Figure 18). 

A substantial limitation of mobility in Poland, especially in the early stage of the pan-
demic, has also been confirmed by other studies. Tarkowski et al. [122] stressed the sig-
nificantly lower popularity of retail and recreational facilities. Analysing car travel times 
for the agglomeration of Tricity (Gdansk, Gdynia and Sopot), they indicated that the high 
capacity and efficiency of the local road network (no congestion in rush hours) was the 
result of a considerably lower load of the transport system [122]. Borkowski et al. [90] 
show that the travel time was shortened not only for people who had to change their 
transport behaviour in the pandemic, but also for those whose profession did not require 
them to modify their necessary daily mobility. Obviously, the lowered traffic density ob-
served in the study presented herein is not the effect of retail restrictions only, since the 
pandemic changed many other, previously ‘regular’ motivations for everyday trips. The 
proof of this can be seen in mobile localisation data, which show where Poles spent their 
time [122], including obligatory motivators related to work and studying. Polish employ-
ers rose to the challenge of the pandemic and smoothly introduced the possibility to work 
remotely, which—together with online teaching—resulted in a record-breaking consump-
tion of electricity [124]. When it comes to modes of transport, numerous studies show that 
there was a change from shared means and mass transit to private transport during the 
pandemic [69,125–127]. Regardless of these phenomena, the overall drop in mobility leads 
the authors to conclude that the aforementioned modal shift does not lead to an increase 
in absolute volumes of vehicle traffic. 
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Figure 18. Changes in the percentages of vehicle traffic recorded for different parts of the city during 
the various retail restrictions imposed under the pandemic when compared to the corresponding 
period a year before. Source: own elaboration based on the data from the ITS in Łódź. 

7. Conclusions 
The main advantage of this work is showing the variability of mobility. Using exten-

sive databases and comparing the results of measurements derived from them with the 
observations in a changing transport environment (in terms of changes in trade and pan-
demic constraints), the studied phenomenon was presented in a descriptive manner. 

The main aim of this study was to identify the changeability of the load of the urban 
system of road transport against permanent and short-term legal and administrative retail 
restrictions and to determine its spatial and temporal nature. The authors analysed the 
impact of permanent restrictions related to statutory retail ban on Sundays and short-term 
restrictions introduced due to the COVID-19 pandemic. 

Research results allowed to state that governmental restrictions to curb mobility com-
bined with social anxiety over the COVID-19 virus led to a substantial limitation of daily 
mobility, particularly noticeable during the first wave of the pandemic (March–April 
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2020). It can be concluded that, during its initial stage, the governmental policy to limit 
the spread of the SARS-CoV-2 virus returned the hoped-for effects, i.e., limited mobility 
facilitated social distancing. However, during the ensuing waves, the impact of re-
strictions on mobility was not as powerful. The results of the study herein may be useful 
when political decisions on limiting daily mobility are made, especially when they affect 
shopping-related mobility.  

Another result of the research is the indication that long-term observations prove 
that, after the initial implementation of Sunday retail restrictions, people began to plan 
their weekends differently. Imposition of pandemic restrictions on top of the previously 
implemented statutory retail restrictions clearly shaped the weekly distribution of traffic. 
In weeks with a non-trading Sunday, the percentage of vehicle traffic on weekdays was 
greater at the expense of weekend volumes, which was particularly noticeable during the 
first pandemic year (2020). 

Comprehension of the factors impacting people’s perception of the SARS-CoV-2 vi-
rus during the pandemic, especially in the context of daily mobility, may become a start-
ing point for further studies. Transport behaviour analyses that focus on city dwellers 
facing a global threat (here: a pandemic) would be exceptionally beneficial to authorities 
responsible for urban transport policies, particularly with regard to the strategic changes 
that are being introduced for the sake of sustainable urban mobility. Another issue to be 
scrutinised in the future is a new type of transport exclusion. A pandemic and the associ-
ated restrictions to limit its spread may evoke in some people an authentic and subjective 
feeling of being deprived of the possibility to fulfil certain needs related to spatial mobil-
ity, which, in consequence, may lead to exclusion from other social and economic activi-
ties. In addition, the extraordinary pandemic circumstances also allow researchers to 
prognosticate on the changes necessary to urban transport systems due to the ongoing 
processes of depopulation in big cities (especially in highly developed countries) and to 
the continuous relocation of certain activities (e.g., working, management and administra-
tion, services, etc.) online. Transport behaviour analyses play a crucial role in planning 
and shaping transport systems. Not only do they provide an unbiased picture of the cur-
rent condition, but they also facilitate the development of more advanced analytical tools, 
e.g., traffic models. These studies are vital as they help determine basic data for traffic 
forecasting and residents’ expectations of transport systems. Application of advanced 
software for traffic macro- and microsimulation would help determine tangible (time and 
financial) changes in urban transport systems. 
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