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Abstract: Dialectics, or developmental transformation, would eventually cause any system to change.
The level and depth of these changes vary and depend on the power of external influence and
system reservation mechanisms. The art of managing system processes consists of two main aspects.
The first aspect involves the sagacity of managers and predicting general environmental change
trends (and their impacts on the managed system). The second involves adjusting to these trends,
maximizing possible benefits, and minimizing the negative manifestations of this process. Innovation
plays an important role, contributing to system transformations with maximal effect and minimal
loss. Public transport systems are important elements in cities, as they provide spatial mobility for at
least half of the citizens of a city who cannot use individual transportation. Modern urbanization and
peculiarities of the social–economic statuses of many citizens contribute to the fact that organized
public transportation is unprofitable. The low solvency of citizens who use public transportation
services means that passenger transport systems do not work with enough profitability. As a
result, governing institutions often choose to subsidize unprofitable transporter activities, thereby
prolonging the functioning of unprofitable routes. This is possible only in conditions of sustainability
(in regards to a non-optimal system), when the environment is calm, and its negative impact is
low. “Black swans” (according to N. Taleb) are bifurcation factors that break the sustainability of
non-optimal system. Urban public transport (UPT) of a large Russian city, Tyumen, experienced it
in 2020, in connection with the COVID-19 lockdown. The sharp decrease in population mobility in
Tyumen, in 2020–2021, caused the need for a complete transformation of the transport service system.
However, managers did not want to fundamentally change a system that consensually suited most
counterparties. The search for new balances in a system that demands transformation is one way for
sustainable provision. This article looks at the transformation and sustainability of a UPT system in
the large Russian city of Tyumen, under conditions affected by the negative impact of COVID-19.
Results of a comparative (i.e., pre-crisis (2019) and crisis (2020)) Pareto analysis of the contributions
of different UPT routes are presented. Transformation of the structure of the UPT route system can
overcome the “crisis” COVID-19 period and minimize its financial-economic costs.

Keywords: urban public transport (UPT); city passenger public transport (CPPT); large Russian
city; COVID-19; open business model; stress-innovations; route system transformation; efficiency
of the transportation process; importance of routes; Pareto diagram; sustainability; management;
innovative method of distribution of resources

1. Introduction

The phrase “business model” generates different associations. In many respects,
it is associated with the consequences of diverse experiences and development paths
of successful companies and economic spheres. However, upon closer examination, all
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successful companies and economic spheres use a similar approach in building competitive
business processes. A. Osterwalder and Y. Pigneur researched this experience [1].

Osterwalder’s business model involves the use of strategic management. According
to Osterwalder’s business model, the production activity of any successful company can
be presented as a nine-block scheme [1]. The structuring of Osterwalder’s business model
can help specify elements of business success.

However, simple formalization of business process elements often has one significant
drawback. Any business can “work” in human society—it cannot be isolated from social
processes and the external environment. Therefore, the term «open business model» should
be used to describe any production or service provision sphere. The environment signifi-
cantly affects the functioning of social–economic systems, including transport systems.

In conditions involving the negative impact of the environment, the system has to
transform in order to adapt to changed conditions. Otherwise, the system would degrade
and crash.

This article considers the adjustment transformations of a city’s public transport sys-
tem during COVID-19 conditions. Forced, but, at the same time, an innovative adaptation
redistribution of system resources is an example of an open transformative business mod-
els of a city’s public transport system under stress-conditions (i.e., under the influence of
“black swan” events).

The year 2020 was a peculiar year for all of humanity. K. Schwab and T. Malleret named
it The Great Reset [2]. Forcing people to reduce their activities changed their lifestyles;
activities that were typically conducted in real, everyday life (offline) became virtual
(online). It especially affected businesses. The UNCTAD (2020) World Investment Report [3]
pointed out that: “the COVID-19 crisis will cause a dramatic fall in foreign direct investment
(FDI). Global FDI flows are forecast to decrease by up to 40% in 2020, from their 2019 value
of USD 1.54 trln.). This would bring FDI below USD 1 trln. for the first time since 2005. FDI
is projected to decrease by a further 5% to 10% in 2021”. The decline of investment activity
had an impact on the decrease of general business activity and activity in the sphere of
transportation in space, specifically. The McKinsey Global Payments Report 2020 said that:
“for the payments sector, global revenues declined by an estimated 22% in the first six
months of the 2020 year compared to the same period in 2019”.

A. Ortega [4] predicted “options” in regards to the development of the planet. Ac-
cording to A. Ortega, there are three possible scenarios in the near future: «every one for
himself», «international collective intelligence», and «step by step muddling through».
Priority choice—and by following the development of one of the options—will significantly
affect the future of the transport sphere of economics and perspectives of passenger trans-
portation market development. However, humanity is more interested in current events
then in the far future.

Market crashes and restriction of business activity led to a significant decrease in the
general mobility of people. Moreover, ubiquitous lockouts imposed by governments in the
majority of countries, in spring 2020, contributed to such results. The transportation sector
went in to a crisis state—the aviation transportation sector, in particular [5,6]. However,
the automobile passenger transport services (95% of which are urban public transport
(UPT) or city passenger public transport (CPPT) in Russian) also experienced difficulties in
the spring–summer 2020 [7]. A significant decrease in demand for transportation forced
transporters to drastically decrease the number of vehicles they placed on routes. It
naturally led to the decline of transportation volume. Such a decline had not happened
since the Second World War. This crisis became a challenge to organizers of city transport
services. This article responds to this challenge in Tyumen, a large city of the Russian
Federation. In the analysis of the sustainability of the Tyumen CPPT service, primary
emphasis was placed on evaluating its structural sustainability, i.e., the transformation of
the relationship between demand and supply of the transport service, and the effectiveness
of transportation of specific routes, in the context of the routing system.
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2. Problem, Purpose, and Research Tasks

Transport mobility is impacted by the general activities of people. Many factors affect
the formation of transport mobility. H. Gudmundsson et al. [8] believe that there are
likely hundreds of impact factors and that they should be grouped, highlighting (for each
group)the most significant representative factors. With a limited number chosen for the
analysis of impact factors, researchers can simulate the transport activity processes in
different conditions. E. Rossi et al. [9] believe that the “COVID-19 pandemic is having
drastic impacts on our lives in ways that no one would have been able to think just a
few months ago”. It is connected with the fact that serious changes in people’s lifestyles,
organizations, and social interactions occurred in the last 15 months of 2020–2021.

Figure 1 presents a general scheme of formation of the actual transport mobility of
citizens. It should be noted that patterns of standard conditions, of the transport behaviors
of citizens, are influenced by sudden, predicted cataclysms (natural and climatic disasters,
social–political events, etc.). Epidemiological catastrophes are also included in this list.
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The COVID-19 pandemic is a good example of an epidemiological catastrophe that
significantly affected the change of the transport mobility of citizens. As a result, demand
for transport services drastically decreased and transporters had to adjust to the unex-
pected conditions. Passenger auto transport companies suffered from the COVID-19
pandemic restrictions.

This research considers the decrease in demand for public transport services due
to COVID-19 restrictions, and the attempts of transport service organizers to support
sustainability of CPPT system functioning. It seems that the decline of transport supply
is a natural answer to the decrease in demand. However, management decisions should
maintain the balance between demand and supply. The breach of this balance can stimulate
the process of deformation and subsequent devastations of the routing system structures
of a city’s public transportation.

In the context of a routing system structure—roles of specific transporters or the
significance of particular routes in the routing system can be reconsidered. The main goal
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of this research is to understand the balance between demand and supply, accumulated for
years of system functioning.

If the answer is positive, then we are interested in knowing how much damage the
breach of balance caused in regards to the routing system of CPPT of a large Russian city.
A positive answer also leads to a discussion about possibilities of holding the CPPT system
in a sustainable state, changes of the routing system structure, and reformatting of the
significance of specific transporters for the city in the conditions of market decline.

The aim of the research was to learn the peculiarities of the transformation of the
CPPT system of Tyumen, a large Russian city (population—816,800 people in 2021) under
COVID-19 conditions, and evaluate the impact of an innovative method of correction of
the distribution of resources for structural sustainability. Section 3.2 is dedicated to the
justification of city choices.

Research tasks included:

• Analyzing the issue state; analyzing the results of previous papers on the research
theme; justifying the research subject choice; study of its specifics;

• Researching stress-factors that had a significant impact on reformatting of the transport
service market, considering the event dynamics and final results of stress-factor
impacts on the city’s CPPT system;

• Developing a method of evaluating the impacts of stress-factors on structural sustain-
ability of the city’s CPPT routing system;

• Collecting and analyzing the experimental data necessary for evaluating the change
of structure of the CPPT routing system under COVID-19 conditions;

• Representing and analyzing research results;
• Discussing the practical usage of results; producing methodical recommendations to

maintain a sustainable passenger transportation market, under COVID-19 conditions;
• Formulating conclusions on completed research.

3. Analysis of Issue State
3.1. Literature Review
3.1.1. General Information about the Business Models of the Transport Market

It is necessary to examine the peculiarities of the development of business manage-
ment models. The authors of [10] performed critical research on the “business models”
theme. They researched 119 articles in 63 journals devoted to this theme, published from
1970 to 2011. Analysis of these articles allowed tracing the development paths of mar-
keting business models, making conclusions about the incremental transformations of
three main types—open competition (OC), community franchise (CF), and government
enterprise (GE).

K.G. Zografos et al. [11] introduced the term “flexible transport systems (FTSs)”. They
noted that: “Several alternative business models varying according to the local market
conditions, the socio-economic, legal, and institutional framework may be developed for
the provision of flexible transport systems (FTSs)”. FTSs are open; they consider changing
demands, sharp changes of conditions of their functioning, and environmental challenges
that cannot be ignored.

The authors of [12] provide an overview of the denotations of the individual subject
areas for business model research. The relevance of research on individual elements of the
business model process can be represented in levels of hierarchy: 1—change and evolution;
2—innovation; 3—design; 4—implementation; 5—controlling; 6—operation.

D. Emerson et al. [13] present the analysis of business models for urban public trans-
port systems. The authors of [13] noted that, nowadays, there are three main business
models in the sphere of transport services in cities. Peculiarities of these business models,
classified by different aspects of interest, are presented in Table 1.
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Table 1. Main types of business models for urban public transport systems.

Main Types of Business Models for Urban Public Transport Systems

Government Enterprise (GE) Open Competition (OC) Community Franchise (CF)

Aspect of interest–basic structure

Centrally planned
(infrastructure and operations)

Centrally planned
(on centrally

planned infrastructure)

Centrally planned
(infrastructure)

Aspect of interest–selection mechanism

Political Political Political

Aspect of interest–competition/markets

For the market by
subcontracting operators

For the market by
subcontracting operators

For the market by
subcontracting operators

Aspect of interest–security of asset

Tenure for length of lease only Tenure for length of lease only Tenure for length of lease only

Aspect of interest–pricing

By central planner. By central planner By central planner.

Aspect of interest–variation

Standardization across whole
system expected of

the product

Standardization across whole
system expected of

the product

Standardization across whole
system expected of

the product

Aspect of interest–development criteria

Cost benefit Cost benefit Cost benefit

Aspect of interest–planning

Top down with cost benefit Top down with cost benefit Top down with cost benefit

Aspect of interest–alignment of interest

With political benefactors With political benefactors With political benefactors

Aspect of interest–risk, loss aversion, and optimism bias

Minimizes risk taking
by employees;

Maximizes risk taking
by politicians

Minimizes risk taking
by employees;

maximizes risk taking
by politicians

Minimizes risk taking
by employees;

Maximizes risk taking
by politicians

Aspect of interest–private firm involvement

Larger companies Larger companies A wide variety of firm types

Note: the table is compiled according to [13].

Business models for the Tyumen Urban Public Transport systems can be classified as
open competition (OC) with elements of government enterprise (GE). In different years,
relations between OC and GE for the Tyumen CPPT business model has varied in regards
to the external situation. This allows us to additionally classify Tyumen CPPT as a “flexible
transport system (FTS)”.

A literature review devoted to the business models of system transformation allowed
us to make two main conclusions. First, the main topic of those works is the innovative
approach to business management. For example, e-commerce, digitalization of the just-in-
time approach, and other approaches based on the information, are the foundation of such
business models [14–17].

Secondly, system transformation, connected to negative aspects of environmental
influence, is forced. Business decisions in conditions of uncontrolled events (“black swan”)
are connected more with stress-innovations in the distribution of limited resources than
with the usage of technological methods [18].
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3.1.2. General Information about COVID-19 Transformation of Urban Public
Transport System

Innovative transformation of the CPPT system was accelerated as a result of the
COVID-19 pandemic. Thousands of articles are devoted to the negative impacts of COVID-
19, in 2020–2021, on social and economic development. These works can be differentiated
into several groups. The first involve studies devoted to the research of COVID-19 specifics
and its spread [19–31]. The second group of works [32–42] presents results of research of the
connection between dynamics of COVID-19 spread, population density, and social–cultural
peculiarities of lifestyles. The third group consists of works of general purpose, mainly
about the political–economic sphere [43–53]. The fourth group is devoted to COVID-
19′s impact on individual aspects of transport system functioning, and demonstration of
transport activity [54–79].

Let us consider the results of these works in detail. The majority of works concern re-
search on the medical and epidemiological aspects of COVID-19 [19–22]. Acute respiratory
infection caused by SARS-CoV-2 is a vivid example of a contagious (and quite dangerous)
disease that can occur in weak and severe forms, leading to disability and death [19–22].
It should be noted that the process of an epidemic spread is described by the catastrophe
theory [23,24]. In regards to COVID-19, the death toll reached 3.3 million people in a year,
and it continues to grow. The case fatality rate (CFR) of COVID-19 is high, at 2%.

Works [25–27] are devoted to the modeling of processes of the COVID-19 spread.
These works include critical comments about the dangers of infection and provide

recommendations on protection measures. In regards to transportation, these works present
research results about the dangers of COVID-19 on passengers using public transportation,
and provide recommendations on safe distancing.

Medical, geographical, and physical research works are being conducted. In [28],
issues on the spatial spread of infection in the coastal and continental areas of France
are considered. It is established that, in continental areas, infections are more dangerous,
mostly because of high concentration in the air.

L. Wang et al. researched the impact of the COVID-19 lockdown on the concentration
of ozone O3 in the atmosphere [29]. They concluded that lockdown restrictions significantly
influenced changes in the composition of the atmosphere.

Analogous research of atmospheric composition changes during the COVID-19 lock-
down in Saudi Arabia was conducted by I. Anil et al. [30]. They concluded that: “COVID-19
has procured a unique chance for the atmospheric researchers, policymakers, and adminis-
trative bodies to assess the effects of emission reductions on the ambient air quality and to
rethink the current and future air pollution mitigation strategies”.

The authors of [31] explored, from a physics point of view, the issue of infection
transferring by air. They examined the process of virus transmission and concluded that a
flow of directed air (i.e., an air curtain) protects more efficiently than medical masks, by
decreasing the possibility of the spread of the infection (i.e., via a fine mist).

S.V. Ershkov et al. [25] and S.A. Yeprintsev et al. [33] illustrated dynamic differences
in the spread of COVID-19 in different countries.

H. Cai [34] considered issues of susceptibility to COVID-19 by differentiating people
by their sex.

R. Chaudhry et al. [35] explored the impact of the COVID-19 mortality rate on govern-
ment operational actions in different countries, and the response “readiness” of populations
to limitations of their external activities.

E. Y. Y. Chan et al. [36], via a study population consisting of Hong Kong residents,
assessed the socio-demographic predictors of health risk perception associated with health-
emergency disaster risk management for biological hazards (such as COVID-19).

P. Zhao et al. [37] researched factors that influenced the formation of local hotbeds of
disease, clustering these hotbeds in North China. They concluded that it is necessary to
decrease the frequency and density of contacts between people in public places.
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A. Pérez-Escoda et al. [38] researched issues of transformation, regarding informational
interaction between people during the lockdown. According to their research, traditional
«live» communication can be replaced by a remote format, but only for a short time.

This group of work also includes articles on the mass changes of everyday behaviors
that took place during lockdown restrictions [39–46], and the risk of a mass spread of
infection [47–51].

The impact of lockdowns on activities were measured by direct [39–41] and indi-
rect methods, for example, by evaluation of air pollution in megalopolises [42–44]. Such
phenomena were explored, including the loyalty of populations to vaccinations [45] and
communication changes between people during lockdown periods [46,47]. V. Rafael and
A. Monzón [46] showed that, during the lockdown period, people started using e-commerce
more often. At the same time, researchers in [48] did not find anything fundamentally
new in people’s behaviors. One of the most important observations [49] shows that, dur-
ing a period of 2–4 months, the fear of everyday danger became apparent. People stop
fearing infections, in necessary measures, and gradually return to familiar lifestyles. The
authors of [50] obtained paradoxical results. The contentment of Moscow citizens who
used the subway increased because of the growth of comfort connected with a decrease of
user demands.

The authors of [51] presented data on the spatial and social behaviors of men and
women, single people, and families during COVID lockdowns. Knowledge of these
regularities can be used in organizing city mobility restrictions in the future.

Articles about changes in people’s consumer behaviors during the COVID-19 pan-
demic can also be assigned to this group. Their main purpose is to inform society about
the dynamics of actual situations in different economics sectors (during 2020–2021).

The authors of [52] evaluated the impact of shocking historical events on city life from
are retrospective position. The authors chose, as an epigraph of the article, a quote by A.
Roy: “Historically, pandemics have forced humans to break with the past and imagine
the world anew. This one is no different. It is a portal, a gateway between one world and
the next”. They analyzed more than 200 sources of information and showed examples
of economic cyclicity and inevitability of change of technological paradigms. Their main
conclusion is that COVID-19 will be a powerful driver of change in the economic and social
lives of society.

The authors of [53] presented analysis results of transportation methods of citizens
from 131 countries. Adherence to individual transport is typical for countries with high
levels of GDP per capita.

In [54], the process of restarting the economy in the post-epidemic period is modeled.
The authors of [55] consider the issues of speed and power, and reactions to the

pandemic threat by governments in 11 Southeast Asia countries (Indonesia, Laos, Malaysia,
Myanmar, the Philippines, Singapore, Thailand, Vietnam, China, Japan, and South Korea).
They concluded, “the government intervention measures are perceived positively, hence,
reducing market volatilities. However, extreme and strict government measures may also
be counterproductive and lead to increased market volatility”.

Research on changes of the structural state of the transport sector in 2020–2021 is
presented in [56].

The authors of [57] considered the impact of the COVID-19 pandemic by evaluating
the sustainability of the agricultural and food sector of Italy’s economics. Conclusions are
disappointing—this sector of Italian economics lacks sustainability.

H. Brdulak et al. [58] researched the threats and challenges, in 2020, for international
logistics, via internet surveys (i.e., of specialists in the logistics service market).

A. Parfenov et al. [59] explored transformations of consumer behavior during COVID-
19 restrictions (from a structural position). They concluded that it is necessary to prepare
for a swift paradigm shift, from online to offline practices, in practically all spheres of
human interaction.
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The authors of [60] researched sustainable approaches in the development of dis-
tance education. Lockdowns promoted fast learning of remote technologies, in regards to
teaching and studying, and authors claim that this approach should be developed further.

The series of works devoted to transport policy in the period of the COVID-19 pan-
demic were presented in a special volume of the journal Transport Policy 2021 (Volume 103).
The most interesting works are [61–66].

Various authors considered the impacts of COVID-19 on the actual state of the trans-
portation sector. Y. Zhang et al. [61] explored redistribution of transport activity of citizens
from motorized to non-motorized transport. J. Dai et al. [62] promoted free public trans-
port rides as a political–economic method of returning to this type of transport mobility.
M.V. Corazza et al. [63] considered issues of biological safety of public transport rides in
the period of the pandemic. C. Eisenmann et al. [64] noted decreased interest in public
transport in Germany and a transfer of transport activity of Germans to individual transport.

Conceptually, the issue of transformation, concerning the attitudes toward public
transport in India during the COVID-19 pandemic, is presented in the article [65].

P. Christidis and A. Christodoulou [66] considered transformation and its relation
to public transport in India. They examined the decline of the air transportation market
during the COVID-19 pandemic, and showed that “strict measures (quarantine, flight
cancelations, travel restrictions) can reduce risks”.

J. Molina et al. [69] claim that: “With respect to the role of the socio-demographic
characteristics of individuals, our evidence indicates that age, gender, education, being
native, and household composition may have a cross-country, consistent relationship with
carpooling participation”. This conclusion is also typical for the COVID-19 period.

The authors of [70] agree with previous work. They researched the change of mobility
of different population categories in the period of the lockdown. They concluded that
different categories of the population had different regularities in mobility change during
the active pandemic phase.

J. Cruz-Rodríguez et al. [71] researched the distribution of mobility approaches in the
student environment. Their conclusions are extensive and concern not only movement
economics, but also the emotional backgrounds of the students. Conclusions about the
benefits of walking or riding a bike are confirmed by other studies [45,46].

The necessity of a scientific approach to develop bicycle infrastructure is explored by
other authors [72]. From their point of view, planning bicycle infrastructure development
should be based on the usage of specific master plans.

The most detailed research, in the sphere of future trends of bicycle usage as a leading
type of urban transport, was conducted by the authors of [73]. The authors presented
examples of the growth of bicycle popularity during the COVID-19 period in all countries,
except Antarctica. Conclusions allow one to perceive MAAS not as a project of the future,
but as a project of the present.

The authors of [74] answer the question «how can we assess the main indicators of
public transport’s competitiveness, which can motivate personal car owners with specific
basic values to change the transportation mode for personal mobility?». It is a known
fact that, during the active COVID-19 period, the efficiency of passenger transportation
in cities across the globe sharply decreased. Researchers are interested in how consumer
demand for public transportation can be saved in the midst of fears of infection. The
point of this work is to explore the basic needs and motivations of owners of individual
transportation methods. Moreover, we attempt to understand what motivates them to use
public transport.

The authors of [75] explored the changes of Canadians to public transport in 2020.
Results confirm there was a decline in interest in using all transport types, except for
individual automobiles and bicycles. However, as in other studies, the authors noticed
a statistical difference in consumer behavior in people of different ages. Young people
(18–30 years) were less aware of the possibility of the spread of infection than older people.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 171 9 of 32

The authors of [76] conducted a survey questionnaire of public transport users. It
showed that, at the beginning of the pandemic, fear of infection with COVID-19 was
typical for almost everyone. In a year, the quality, nomenclature, and depth of fear of
public transport passengers changed. For example, before the pandemic, behavior of other
passengers did not matter to interviewees; however, during the pandemic, this aspect
became quite important.

Slovak scientists explored changes in the suburban bus transportation system in
Slovakia during the period of an active COVID-19 phase [77]. They established that there
was a decrease in passenger transportation volume for suburban bus transportation in
Slovakia, reaching 40% in March 2020; 70% in April 2020; and 60% in May 2020. The
authors conducted detailed research on the dynamics of changes of transportation volume
for different passenger categories. That analysis allows one to understand the influence of
a negative environment (COVID-19) on decreasing transport activity efficiency.

M. Abdullah et al. [78] formulated the “modeling of interest” problem in regards
to the use of public transportation in Pakistan during the COVID-19 pandemic. They
concluded: «The results indicated that older people are less likely to use public transport
during the pandemic, however, they are more likely to use public transport when they
have to follow the necessary precautions. In addition, older people declared less often
public transport use when they have COVID-19 symptoms. People with low educational
qualifications are more likely to use public transport during the pandemic, however, they
are less likely to use it if they have to follow the necessary precautions. Furthermore,
people with low educational qualifications are more likely to use public transport while
experiencing COVID-19 symptoms».

The conclusions of the authors in [79], about the future of urban public transport, are
quite optimistic. They suggest, when managing public transportation, to use a consistent,
analytical hierarchical process to make multi-criterial economic and ecologic decisions. The
COVID-19 pandemic, it seems, will only contribute to this. This analysis represents only a
small part of all works devoted to the reorganization of different aspects of people’s lives
during the COVID-19 pandemic.

The analysis results are provide evidence in the fact that the CPPT system, during
a COVID-19 pandemic, is transformed under the influence of two powers. On the one
hand, CPPT must change (too many forced circumstances contribute to this). On the other
hand, any big system, such as CPPT, possesses sustainability. It expresses the tendency
of aspiration to the initial pre-crisis state. Transformation of the CPPT system during
a COVID-19pandemic is determined by a set of external factors and is implemented as
specific trends. The art of managing a CPPT system when the environment is undergoing
negative impacts (in our case, by COVID-19) formalizes the search of the balance between
saving its sustainability and external help in transformation.

3.2. Justification of Choice of Tyumen as a Source of Experimental Data
3.2.1. General Characteristics of Cities of the Russian Federation and Heterogeneity of
Urbanization Processes

Russia, as with the majority of countries, is highly urbanized. In 2020, the share of
the city population in the Russian federation was 74.7% [80]; 109.6 million people lived in
1117 cities. The population size of 173 cities exceeded 100,000 people. In total, 76.4 million
people lived in these cities. The total population size of the other 944 small cities was
33.2 million people [81]. Table 2 presents information characterizing heterogeneity of city
populations of Russia (2020) [82].

The distribution of Russian cities, by the size of the population, does not fully corre-
spond to Zipf’s law [83,84]. It was caused by process updates of Russian city structures
launched by the dissolution of the Soviet Union in 1991 [85]. It is expected that the pop-
ulations of Yekaterinburg and Novosibirsk will reach 3 million (by 2030–2035), and then
the law of Russian population settlements in cities will correspond more to the classic
Zipf’s law.
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Table 2. Distribution of city population of Russia by city.

Indicators

City Category

>5,000,000
People

1,000,000–2,000,000
People

500,000–1,000,000
People

250,000–500,000
People

100,000–250,000
People

<100,000
People

Number of cities, city 2 13 24 39 95 944

Cumulative number of
cities, city/% 2/0.18 15/1.34 39/3.49 78/6.98 173/15.49 1117/100

Total population,
thousand people/% 18,076/16.5 15,621/14.3 14,604/13.3 13,708/12.5 14,527/13.2 33,026/30.2

Cumulative population,
thousand people/% 18,076/16.5 33,697/30.7 48,301/44.1 62,009/56.6 76,536/69.8 109,562/100

Note: The table is compiled according to Rosstat data [82].

Table 3 presents statistical information on representative cities of each category from
Table 1, characterizing specifics of settlements of populations in the city space.

Table 3. Specifics of settlements of citizens in the city space of typical Russian cities (2020).

Indicators

City Category

>5,000,000
People

1,000,000–2,000,000
People

500,000–1,000,000
People

250,000–500,000
People

100,000–250,000
People

<100,000
People

Typical Russian city Moscow Ufa Tyumen Kurgan Zlatoust Tobolsk

City population P,
thousand people 12,636.3 1128.8 807.4 312.4 163.9 98.9

City size S, km2 2561.5 708.0 698.0 393.0 236.4 222.0

Population density
δpopulation, people/km2 4933.2 1594.5 1156.5 794.8 693.4 445.6

The most significant conclusion of Table 3 is that city population density δpopulation
significantly increases with the growth of population size P. This phenomenon was noticed
long ago [81]; it determines by the specifics of the growth of a city, where population N
starts to grow according to the model P ≈ Sn from a certain point of time [86].

With the growth of the city area, the significance of this problem increases. In large
cities, such as Shanghai (city area S = 6341 km2; city population P ≈ 22.3 million. people),
it is impossible to live without high-speed transport systems [87]. In relatively smaller
areas, it is reasonable to use less fast (and significantly cheaper) transport vehicles (buses
of different capacities).

The statistical relation between the population sizes of Russian urban agglomera-
tions (people) and their areas (km2) is expressed as power function P ≈ Sn with power
n ≈ 1.95–2.05 [88]. Correspondingly, the relation between agglomeration area S (km2) and
population size of P cities equals to S ≈

√
P. The world’s “city diversity” (population

density in South-eastern Asia is significantly higher than in the majority of cities in the USA
and Europe) has a wide range of density of citizen settlements in city spaces. In regards to
this fact, model S ≈

√
P transforms to S ≈ n

√
P with power n = 1.85–2.15.

3.2.2. Dialectics of Development of Tyumen CPPT System (1940–2020)

The history of the Tyumen CPPT began in 1940, when first three bus routes started to
transfer passengers on a regular basis. During next 80 years (1940–2020) Tyumen CPPT
system has constantly developed. Development stages are presented in Table 4.
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Table 4. Development stages of the Tyumen CPPT system (1940–2019).

Indicators
Year

1940 1960 1970 1980 1990 2000 2010 2019

City population, thousand people 79 152 269 360 477 503 582 807

CPPT routes number (totally), unit 3 10 32 56 67 82 103 110

- Bus/trolleybus routes, unit 3/- 10/- 28/4 44/12 55/12 75/7 103/- 110/-

Number of vehicles (totally), unit No data 100 220 410 415 463 998 1285

- Number of buses/trolleybuses, unit No data 100/- 190/30 260/150 290/125 413/50 998/- 1285/-

Routes network length, km 14 60 115 205 310 405 490 580

Transportations volume (totally),
million passengers/year No data No data No data ≈120 ≈165 ≈170 ≈132 ≈150

Note: in 2020, annual transportation volume decreased to 100.5 million passengers/year (by a third, relatively, to the volume of 2019) when
all indicators of the CPPT system state were the same (except the number of completed trips).

Analysis of Table 4 allows us to note the following:

• The city and its CPPT system have been intensively developed.
• Throughout an 80-year period, there were two types of CPPT buses (main—during

the whole period) and trolleybuses (auxiliary—in 1970–2009).
• In the period of 2000–2010, pivotal reformatting processes in fulfilling transport

demands occurred. Automobilization increased by 3.5 times (from A2000 = 60 vehi-
cles/1000 people to A2010 = 210 vehicles/1000 people). It led to a significant decrease
in demand for CPPT service and an increase in demand for transportation by individ-
ual transport.

• In 2010–2020, automobilization continued (A2020 = 470 vehicles/1000 people), but, at
the same time, the quality of the city CPPT system developed via the improvement of
the route network, transportation organization system, and vehicle quality. It boosted
the growth of the demand for CPPT service and the growth of transport supply.

3.2.3. Justification of Choice of Tyumen as a Source of Experimental Data—Short
Characterization of Tyumen CPPT System (2021)

Tyumen is a large, dynamically growing Russian city (population in 2021—816.800 peo-
ple). During the last 60 years, the city population grew five-fold. The growth could be
attributed to Tyumen being chosen as the center of development for the oil and gas in-
dustries of Western Siberia. This led to powerful growth in 1960–1980. In recent years
(2000–2021), the city experienced a higher quality of life and economic growth, further
leading to optimistic perspectives about the city’s development.

Another reason for choosing Tyumen to study the structural sustainable CPPT route
system is due to its unique city transport system (in comparison to other Russian cities).
The uniqueness is defined by a combination of two characteristics—only one type of public
transport (no other large Russian city has only one type of public transport) and a high level
of individual automobilization (470 vehicles/1000 people). This combination contributes
to the special conditions required for the development of the city public transport routing
system. On the one hand, Tyumen public transport services are used by citizens of low
social-economic status, mostly living in remote city districts, but working in the center. On
the other hand, the public transport routing system is homogeneous because there is only
one type of public transport—buses.

Tyumen’s city passenger public transport (CPPT) included 110 bus routes, 2081.6 km
total length, as of the beginning of 2021. Meanwhile, in the central part of the city there is
a significant overlay of routes and a, respectively, high (δroute = 15–18 km/km2) density
of the routing network. Conversely, in remote city districts, the density of the routing
system is quite low (δroute = 0.5–1.5 km/km2). CPPT is provided with buses of different
passenger capacities q. Almost 50% of CPPT vehicle parks consist of large capacity buses
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(qmax = 100–110 passengers); nearly 25% consist of low capacity buses (qmax = 22–35 pas-
sengers); nearly 15% consist of medium capacity buses (qmax = 50–70 passengers), and
nearly 10% consist of buses of especially large capacity (qmax = 150–80 passengers). Taking
into account actual passenger traffic and peculiarities of routes, the distribution of CPPT
vehicles (nearly 1250 buses) by routes is quite heterogeneous. There is a minimum of two
buses assigned to a route (peripheral tangential route № 9) and a maximum of 40 buses
assigned to a route (diametrical routes №№ 25 and 30, connecting main residential areas
with the central part of the city). Bus assignments (by route) and determining the neces-
sary number of buses are based on the demand for transportation. Heterogeneity of the
distribution of buses by routing system is determined by peculiarities of passenger traffic,
researched by specialists who organize Tyumen’s transport system.

High heterogeneity of the density of the routing network (δroute = 15–18 km/km2 in
center иδroute = 0.5–1.5 km/km2 in remote areas) and heterogeneity of the distribution
of buses by route determine service quality and the efficiency of transport activity. In
city center parameters, the efficiency (e.g., buses hourly output Qhour) and quality (e.g.,
the regularity of buses traffic R) are quite high. Conversely, in remote areas, passenger
transportation is economically unprofitable. Therefore, the quality of transport service is
comparatively low (Figure 2).
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In general, the Tyumen passenger public transport system can be characterized
as ambiguous. It consists of high quality vehicle parks and a transport process orga-
nization, a medium quality routing network and low quality efficiency (in regards to
passenger transportation).

4. Justification of the Choice of the Largest Stress-Factor: Structural Sustainability of
the Tyumen CPPT Routing System Evaluated under the Impact of Chosen Stress-Factor
4.1. COVID-19 as a Stress-Factor for CPPT System

During the last 15 years (2005–2019), annual volumes of transportations Qyear were in
the range of Qyear = 128 million passengers/year–150 million passengers/year (Table 5).
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Table 5. Dynamics of the Tyumen CPPT system state in 2005–2019.

Indicators
Values of Indicators

2005 2010 2015 2016 2017 2018 2019

Trips, units 2,670,563 3,390,996 3,691,359 3,994,706 4,223,493 4,148,997 3,936,277

Annual volumes,
thousand passengers 128,614.3 131,707.4 137,010.2 139,254.1 139,931.6 146,568.0 150,301.7

Specific volumes (per trip),
passengers/trip 48.16 38.84 37.12 34.86 33.13 35.33 38.18

In 2020, the annual volume of transportation sharply decreased to 100.5 million
passengers/year. A decrease in this indicator, by 1.5 times, is extraordinary. In 2020,
city public transport experienced shocking impacts from the external environment—an
intense medium-term decline in demand for transport services. The annual volume of
passenger transportation in Tyumen in 2020 was Qyear 2020 = 100,472,900 passengers while
Qyear 2019 = 150,301,700 passengers (66.8% relatively to 2019). The decline in transportation
work was even more intense (by 43%).

The reason for the decline was due to the lockdown constraints reducing citizen
mobility during an acute phase of «self-isolation» (in Tyumen—April–June 2020 for all
citizens, in October 2020–February 2021—for university students and senior citizens older
than 65 years).

Figure 3 presents a chart representing changes of the monthly volume of Tyumen
CPPT transportation during 2017–2020 (48 months). Analysis of this chart shows that
annual seasonal factors (winter/off-season/summer) impact the volume of passenger
transportation. However, generally, the coefficient of the unevenness of transportation
volume varies (0.88; 1.12), i.e., deviates from the average annual by no more than 10–12%.
COVID-19 changed the usual trends. In April–June 2020 (40–42 months in Figures 3 and 4)
absolute (Figure 3) and relative (Figure 4) indicators of efficiency of the Tyumen CPPT
transportation decreased four-fold.
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Figure 3. Dynamics of change in regards to the annual value of transportation volume, Qmonth of the Tyumen CPPT during
2017–2020 (4 years).
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Figure 4. Dynamics of change of specific (per trip) value of transportation volume, Qtrip of the Tyumen CPPT during
2017–2020 (4 years).

The deviation of the actual system state from the common could be attributed to «hard
reformatting of transport service market». The main factors that provide reformatting of
the transport service market include a decrease in demand for transportation (and, thus, a
decrease in transport mobility of citizens), and constraint of the transport service supply
by companies (transporters).

4.2. Consideration of Event Dynamics during Stress-Factor Impacts on the Tyumen CPPT System
and Results of This Negative Impact
4.2.1. Change of General State of the Routing System and Parameters of Tyumen CPPT
Transportation Process in COVID-19 Conditions

In January–March 2020, the CPPT transportation process in Russian cities were imple-
mented in a common sustainable regime. Lockdown was announced on 30 March, 2020,
in Russian due to the spread of COVID-19. During the next three months (April–June
2020), the mobility of Russian citizens (including transport) was sharply constrained. At
the same time, the Tyumen CPPT routing system did not change structurally, i.e., the set
of service routes remained the same as before the lockdown. However, the parameters of
transportation systems of Tyumen CPPT routes seriously changed.

In the period from 30 March 2020, to the middle of May, the number of working buses,
Aroute, decreased by half (from 1140 to 640–720 on weekdays). The number of executed
trips Z, decreased proportionally in demand (from 12,000 to 7000–8000 on weekdays).
However, the two-time decline in CPPT transportation parameters was not proportional to
an almost four-fold decline in demand for transporter services. The usual average daily
transportation volume on weekdays was previously 450,000 passengers/day, after the
self-constraints period in April, daily volumes Qdaily decreased to 95,000–100,000 pas-
sengers/day, and only in the second half of May did it insignificantly increase (up to
110,000–115,000 passengers/day).

Data (Figure 4) showed changes in relative transportation volume per trip Qtrip (pas-
sengers/trip).
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Figure 5 presents charts showing the Tyumen CPPT state in March–June 2020.
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Figure 5. Change in the number of buses in operation Aroutes, and the number of executed trips Z on
Tyumen CPPT routes in the period 1 March to 5 July 2020.

Later in the summer and autumn of 2020, and winter of 2020–2021, the number
of working buses and the number of executed trips increased again. However, these
parameters were 10–12% lower than in February–March 2020.

Figure 6 presents photos of compartment filling on buses, on Tyumen routes, during
an acute phase of COVID-19 in April 2020.
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Figure 6. Silhouette photo of compartment filling of buses on Tyumen routes during an acute phase of COVID-19 in
April 2020.
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The first 2–3 weeks of a «self-isolation» regime coefficient of compartment filling of
Tyumen CPPT buses, even in the rush hour, was lower than γ = 0.10. In August–September
2020, the coefficient of bus compartment filling increased to γ = 0.25–0.30, but did not reach
what was common for the Tyumen CPPT system in 2017–2019 values of γ = 0.40–0.50.

The chart in Figure 7 shows the dynamics of changes of the daily volume of transporta-
tion on Tyumen CPPT routes during March 2020–February 2021. Analysis of the chart in
Figure 7 shows that the Tyumen CPPT state improved in parallel with the epidemiological
situation right up to 1 October 2020. The epidemiological situation started to degrade
due to the second wave of COVID-19 and the increase of morbidity (which influenced the
decrease of population mobility).
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Figure 7. The change in daily transportation volume of Tyumen CPPT during March 2020–February 2021. Notes: 1. The
sharp decrease of daily transportation volume in the period of 31 December 2020 to 10 January 2021 is explained by long
new-year holidays (non-working days for a population of the Russian Federation).2. The periodical decrease of Qdaily is
explained by a sharp decrease in transportation volume on weekends and increase on weekdays.

It should be noted that, in autumn–winter 2020, there was no strict mobility-constraint
lockdown in Russia. Nevertheless, specifically, the epidemiological situation and its impact
on Russian citizens was the reason the final results of the Tyumen CPPT system functioning
in 2020 were worse in comparison to 2019. Annual volume of transportation Qyear 2020
decreased by 1.5 times relative to Qyear 2019, which has never happened before.

4.2.2. Statistical Distribution of Values of Parameters of Tyumen CPPT Transportation
Process in Different Routes in 2020 and 2019

Figures 8–11 show corresponding pair charts of the distribution of values, of the
parameters Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1km, passen-
gers/km.

In two cases (Qyear, passengers/year; Zyear, trip/year), distribution of statistical
value is determined by an exponential law, in the other two (Qtrip, passengers/trip; Q1km,
passengers/km)—by Weibull law.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 171 18 of 32

J. Open Innov. Technol. Mark. Complex.2021, 7, x FOR PEER REVIEW 18 of 33 
 

Figure 7. The change in daily transportation volume of Tyumen CPPT during March 2020–February 2021. Notes: 1. The 
sharp decrease of daily transportation volume in the period of 31 December, 2020 to 10 January, 2021 is explained by long 
new-year holidays (non-working days for a population of the Russian Federation).2. The periodical decrease of Qdaily is 
explained by a sharp decrease in transportation volume on weekends and increase on weekdays. 

4.2.2. Statistical Distribution of Values of Parameters of Tyumen CPPT Transportation 
Process in Different Routes in 2020 and 2019 

Figures 8–11 show corresponding pair charts of the distribution of values, of the pa-
rameters Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1km, passen-
gers/km. 

  
Exponential law of distribution of statistical value 

(a) Qyear 2020,passengers/2020 year (b) Qyear 2019,passengers/2019 year 

Figure 8. Distribution of values of the annual transportation volume Qyear on Tyumen CPPT bus routes in 2020 and 2019. 

  
Exponential law of distribution of statistical value 

(a) Zyear 2020,trip/2020 year (b) Zyear 2019, trip/2019 year 

Figure 9. Distribution of values of the annual number of trips Zyear on Tyumen CPPT bus routes in 2020 and 2019. 

Figure 8. Distribution of values of the annual transportation volume Qyear on Tyumen CPPT bus routes in 2020 and 2019.

J. Open Innov. Technol. Mark. Complex.2021, 7, x FOR PEER REVIEW 18 of 33 
 

Figure 7. The change in daily transportation volume of Tyumen CPPT during March 2020–February 2021. Notes: 1. The 
sharp decrease of daily transportation volume in the period of 31 December, 2020 to 10 January, 2021 is explained by long 
new-year holidays (non-working days for a population of the Russian Federation).2. The periodical decrease of Qdaily is 
explained by a sharp decrease in transportation volume on weekends and increase on weekdays. 

4.2.2. Statistical Distribution of Values of Parameters of Tyumen CPPT Transportation 
Process in Different Routes in 2020 and 2019 

Figures 8–11 show corresponding pair charts of the distribution of values, of the pa-
rameters Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1km, passen-
gers/km. 

  
Exponential law of distribution of statistical value 

(a) Qyear 2020,passengers/2020 year (b) Qyear 2019,passengers/2019 year 

Figure 8. Distribution of values of the annual transportation volume Qyear on Tyumen CPPT bus routes in 2020 and 2019. 

  
Exponential law of distribution of statistical value 

(a) Zyear 2020,trip/2020 year (b) Zyear 2019, trip/2019 year 

Figure 9. Distribution of values of the annual number of trips Zyear on Tyumen CPPT bus routes in 2020 and 2019. Figure 9. Distribution of values of the annual number of trips Zyear on Tyumen CPPT bus routes in 2020 and 2019.

J. Open Innov. Technol. Mark. Complex.2021, 7, x FOR PEER REVIEW 19 of 33 
 

  
Weibull law of distribution of statistical value 

(a) Qtrip 2020, passengers/trip (b) Qtrip2019, passengers/trip 

Figure 10. Distribution of values of the relative number of passengers Qtrip transferred on Tyumen CPPT bus routes, per 
trip, in 2020 and 2019. 

  
Weibull law of distribution of statistical value 

(a) Q1 km 2020, passengers/km (b) Q1 km 2019, passengers/km 

Figure 11. Distribution of values of the relative number of passengers transferred per 1 km of bus mileage Q1 km on Tyumen 
CPPT bus routes in 2020 and 2019. 

In two cases (Qyear, passengers/year; Zyear, trip/year), distribution of statistical value 
is determined by an exponential law, in the other two (Qtrip, passengers/trip; Q1 km, pas-
sengers/km)—by Weibull law. 

Analysis of Figures 8–11 and data of Table 6 allow us to conclude similarity of charts; 
the immutability of bus routes belonging to maximum and minimum values of parame-
ters Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1 km, passengers/km. At 
the same time, it should be noted that data for 2020 were significantly lower in comparison 
to the data of 2019. 

Table 6 shows corresponding information that characterized the change of the situa-
tion in the Tyumen CPPT system in 2020 in comparison to 2019. 

  

Figure 10. Distribution of values of the relative number of passengers Qtrip transferred on Tyumen CPPT bus routes, per
trip, in 2020 and 2019.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 171 19 of 32

J. Open Innov. Technol. Mark. Complex.2021, 7, x FOR PEER REVIEW 19 of 33 
 

  
Weibull law of distribution of statistical value 

(a) Qtrip 2020, passengers/trip (b) Qtrip2019, passengers/trip 

Figure 10. Distribution of values of the relative number of passengers Qtrip transferred on Tyumen CPPT bus routes, per 
trip, in 2020 and 2019. 

  
Weibull law of distribution of statistical value 

(a) Q1 km 2020, passengers/km (b) Q1 km 2019, passengers/km 

Figure 11. Distribution of values of the relative number of passengers transferred per 1 km of bus mileage Q1 km on Tyumen 
CPPT bus routes in 2020 and 2019. 

In two cases (Qyear, passengers/year; Zyear, trip/year), distribution of statistical value 
is determined by an exponential law, in the other two (Qtrip, passengers/trip; Q1 km, pas-
sengers/km)—by Weibull law. 

Analysis of Figures 8–11 and data of Table 6 allow us to conclude similarity of charts; 
the immutability of bus routes belonging to maximum and minimum values of parame-
ters Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1 km, passengers/km. At 
the same time, it should be noted that data for 2020 were significantly lower in comparison 
to the data of 2019. 

Table 6 shows corresponding information that characterized the change of the situa-
tion in the Tyumen CPPT system in 2020 in comparison to 2019. 
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Analysis of Figures 8–11 and data of Table 6 allow us to conclude similarity of charts;
the immutability of bus routes belonging to maximum and minimum values of parameters
Qyear, passengers/year; Zyear, trips/year; Qtrip, passengers/trip; Q1km, passengers/km. At
the same time, it should be noted that data for 2020 were significantly lower in comparison
to the data of 2019.

Table 6. Range of actual values of characteristics of the Tyumen CPPT transportation process on different bus routes in 2020
in comparison to analogs in 2019.

Borders of
Values Range

Tyumen CPPT Transportation Process Characteristics on Different Bus Routes (№№ of Buses Routes)

Qyear, Passengers/Year Zyear, Trip/Year Qt, Passengers/Trip Q1km, Passengers/km

2020

Minimum value 16,273 (route № 134) 990 (route № 157) 4.9 (route № 26) 0.447 (route № 134)

Maximum value 5494,412 (route № 30) 118,820 (route № 30) 57.5 (route № 2) 3.650 (route № 25)

Law of distribution of
statistical value Exponential Exponential Weibull Weibull

2019

Minimum value 23,725 (route № 134) 1119 (route № 157) 6.6 (route № 26) 0.584 (route № 134)

Maximum value 8781,695 (route № 30) 132,722 (route № 30) 73.6 (route № 2) 5.023 (route № 25)

Law of distribution of
statistical value Exponential Exponential Weibull Weibull

Note. Though Tyumen CPPT transportation process parameter values significantly decreased in 2020 in comparison to 2019, the set of
maximum and minimum value routes remained the same.

Table 6 shows corresponding information that characterized the change of the situation
in the Tyumen CPPT system in 2020 in comparison to 2019.

5. Methodology of the Evaluation of Stress-Factor Impacts on the Structural
Sustainability of the City CPPT Routing System

In Section 4.2.2, we showed how Tyumen CPPT routes differ by different characteristics
of the transportation process. The contribution of different CPPT routes to the general
final result (by period) varies. Different routes have different specializations, for example,
mainline and auxiliary routes, from the position of transportation volume formation.
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Route configuration, route location, and other characteristics also impact transportation
volume formation.

The impact of stress-factors on the city transport system can be evaluated by the
scheme presented in Figure 12.
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passenger transportation.

Structural peculiarities of the bus routing system could be evaluated by Pareto dia-
grams. The impact of the COVID-lockdown on structural peculiarities of the bus routing
system can be considered by the Wilcoxon T-test [89].

The methodology of evaluating the stress-factor impact on structural sustainability of
the city CPPT routing system involves three stages.

Stage 1—comparative Pareto analysis of the contribution of different CPPT routes
to the general final result by period—year; a second quarter (April–June); month (April).
The choice of these specific periods is explained by the fact that, in April–June 2020,
COVID-19 constraints were implemented in Russia, and in April 2020, there were maximal
COVID-19 constraints.

Example of Pareto analysis for 2019 data (Q2019 = 150.3 million passengers/year).
The process consists of next actions.

1.1. Gathering and processing of information about Qi 2019 for i-th routes (totally 110 CCPT
routes).

1.2. Preparation for building a Pareto diagram in regards to a contribution of i-th route, to
the general final passenger transportation volume results of 2019 Qi 2019.

1.2.1. Ranking of the Tyumen CPPT routes (totally 110 routes) by characteristic
«annual transportation volume of i-th route» Qi 2019.

1.2.2. Rationing of the Y-axis–calculation of share λi =
Qiyear 2019

110
∑

i=1
Qiyear 2019

of i-th route

contribution to the final passenger transportation volume result of 2019 (Qi

2019 = 150.3 million. passengers/year).

1.2.3. Validation of calculations by test
110
∑

i=1
λi = 1.
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1.2.4. Rationing of X-axis–calculation of share µi =
[

1
110

]
· 100 of 1 statistically

average CPPR route out of 110.

1.3. Formation of Pareto-distribution–localization of experimental points for building of
Pareto distribution curve by determination of values (Xi; Yi) for each Tyumen CPPT
route (2019) on a coordinate system.

1.4. ABC-analysis–extraction on the Pareto-diagram of zones of Yi values, corresponding
to the first 10, first 20, first 40, last 40 (61–100), last 20 (81–100), last 10 (91–100)
percentiles of Xi values.

1.5. Analysis of results–formulation of the conclusion about contributions of different
CPPT routes to general final results Q2019 = 150.3 million passengers/year.

1.6. Stages 1.1 . . . 1.4 repeat for another two time periods of 2019–for Q04–06 2019; Q04 2019.
1.7. Stages 1.1 . . . 1.5 repeat for data of 2020–for Q2020; Q04–06 2020; Q04 2020.

Stage 2—analysis of peculiarities of changes of transportation volume structure for
finding changes in relations Q2019/Q2020, for routes belonging to the first 10, first 20, first
40, last 40 (61–100), last 20 (81–100), last 10 (91–100) percentiles of values Xi. The analysis is
held by creation correlation matrices.

Stage 3—analysis of the significance of stress-factor influence on the change of fi-
nal transportation volume Q for three time periods–by years (Q2019/Q2020); by second
quarters (Q04–06 2019/Q04–06 2020); by April (Q04 2019/Q04 2020). Analysis was held by the
standard Wilcoxon T-test for corresponding compared data sets (Q2019/Q2020 in order;
Q04–06 2019/Q04–06 2020; Q04 2019/Q04 2020).

Zero hypothesis H0 is defined as «intensity of shifts in typical direction does not
exceed an intensity of shifts in atypical direction».

Alternative hypothesis H1 is formulated as «intensity of shifts in typical direction
exceeds the intensity of shifts in atypical direction».

The goal of the research is to collate the intensity of shifts in any direction by absolute
value. At first, all absolute values of shifts are ranked, and then their ranks were summed.
If shifts in positive and negative directions occur spontaneously, then the sums of ranks of
absolute values would be approximately equal. If the intensity of shifts in one direction is
considerably bigger than in another direction, then shifts do not happen spontaneously.

Initially, we supposed that a typical shift is a shift in a more frequently occurring
direction, and an atypical shift is a shift in a less frequently occurring direction.

6. Gathering and Analysis of Experimental Data, Necessary for Evaluation of Change
of the CPPT Routing System Structure in COVID-19 Conditions

The following procedure information was taken in the Tyumen Department of road
infrastructure and transport (necessary for Pareto analysis) [90].

All information about transportation volume on different CPPT routes Qi year are
sorted in descending order. For example, fragments of ranked route volumes are presented
in Table 7.

Table 7. Example of ranking of annual transportation volumes on Tyumen CPPT routes in 2019 and 2020.

2019 2020

№№ Rank Q2019,
Passengers/Year

№№ Tyumen
CPPT Route

Share of Qi
in General
QCPPT, %

№№ Rank Q2020,
Passengers/Year

№№ Tyumen
CPPT Route

Share of Qi
in General
QCPPT, %

Routs with largest transportations volumes

1 8,781,695 30 5.84 1 5,494,412 30 5.47

2 7,359,601 25 4.90 2 5,222,611 25 5.20

3 5,941,693 17 3.95 3 3,975,917 17 3.96

4 5,541,271 51 3.69 4 3,969,856 51 3.95

5 5,041,370 14 3.35 5 3,289,019 77 3.27
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Table 7. Cont.

2019 2020

№№ Rank Q2019,
Passengers/Year

№№ Tyumen
CPPT Route

Share of Qi
in General
QCPPT, %

№№ Rank Q2020,
Passengers/Year

№№ Tyumen
CPPT Route

Share of Qi
in General
QCPPT, %

Routs with smallest transportations volumes

106 38,267 149 0.03 106 26,690 129 0.03

107 38,075 146 0.03 107 25,037 124 0.03

108 36,524 142 0.03 108 19,283 149 0.02

109 27,253 157 0.02 109 19,272 157 0.02

110 23,725 134 0.02 110 16,273 134 0.02

Note. Proportion between routes with the first and 110th ranks was approximately 370 in 2019 and approximately 338 in 2020. This
proportion indicates significant heterogeneity of routes and their various significance for a city transport system.

Diagrams of Section 7 are built, based on data provided by the Tyumen Department
of road infrastructure and transport [90].

7. Results of Research and Discussion
7.1. Evaluation of Structural Sustainability of Tyumen CPPT Routing System

Results of the comparative Pareto analysis (between 2019 and 2020) of the contribu-
tions of different CPPT routes in the general results are presented below. Results of the
research are presented as Pareto-diagrams (Figures 13–15) [91,92].

7.1.1. Pareto Analysis of Contribution of Different CPPT Routes into Annual (12 Months)
General Results

Figure 13 presents Pareto-distribution of cumulative annual volume of transportation
Qyear (12 months) at Tyumen CPPT routes in 2019 and 2020.
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Tables 8 and 9 present numerical values of transportation volume Q, attributable to
every 20th percentile of cumulative distribution (2019 and 2020).
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Table 8. Characteristics of cumulative curve (Lorenz curve) of distribution of annual transportation
volume Qyear at Tyumen CPPT routes.

X/Y
Percentiles of Tyumen CPPT Routes Distribution (Scale X)

20 40 60 80 100

Cumulative volume of
transportation, share of 1 (scale Y)

2019

0.593 0.855 0.962 0.992 1.000

2020

0.592 0.856 0.962 0.992 1.000

Table 9. Distribution of annual transportations volume Qyear by percentiles of Tyumen CPPT routes.

X/Y
Percentiles of Distribution of Tyumen CPPT Routes (Scale X)

0–20.0 20.1–40.0 40.1–60.0 60.1–80.0 80.1–100.0

Volume Q attributable to
appropriate percentile,

share of 1 (scale Y)

2019

0.593 0.262 0.107 0.030 0.008

2020

0.592 0.264 0.106 0.030 0.008

It should be noted that the data of Tables 8 and 9 indicate the maintenance of route
volume structures in 2020, at the same level as in 2019. The first 20% of the most signifi-
cant routes (22 routes out of 110) provide 59.2–59.3% of annual passenger transportation
volume Qyear in Tyumen. The last 20% (81–100%) provide only 0.8% of annual passenger
transportation volume Qyear in Tyumen. As shown in Table 6, the first four routes with
the highest transportation volume stay the same. Routes №№ 30, 25, 17, 51 are diametrical;
they pass through the whole city and connect peripheral districts with the city center. The
structure of routes—outsiders—is relatively stable as well.

7.1.2. Pareto Analysis of the Contribution of Different CCPT Routes into the General
Results of the Second Year Quarter (April, May, June)

Figure 14 shows the Pareto-distribution of the cumulative transportation volume
during the second quarter Q04–06 at Tyumen CPPT routes in April–June 2019 and April–
June 2020.
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It should be noted that April–June 2020 was the acute phase of the COVID-lockdown.
Tables 10 and 11 show numerical values of transportation volume Q, attributable for every
20-th percentile of cumulative distribution (second quarter 2019 and second quarter 2020).

Table 10. Characteristics of the cumulative curve (Lorenz curve) of distribution of the transportation
volume Q04–06 at Tyumen CPPT routes.

X/Y
Percentiles of Distribution of Tyumen CPPT Routes (Scale X)

20 40 60 80 100

Cumulative volume of
transportation, share of 1

(scale Y)

2019

0.591 0.846 0.955 0.990 1.000

2020

0.577 0.824 0.941 0.987 1.000

Table 11. Distribution of annual transportation volume Q04–06 by percentiles of Tyumen CPPT routes.

X/Y
Percentiles of Distribution of Tyumen CPPT Routes (Scale X)

0–20.0 20.1–40.0 40.1–60.0 60.1–80.0 80.1–100.0

Volume Q attributable to
appropriate percentile,

share of 1 (scale Y)

2019

0.591 0.255 0.109 0.035 0.010

2020

0.577 0.247 0.117 0.046 0.013

Analysis of data from Tables 10 and 11 shows that, during the second quarter 2020,
shares of transportation volume, attributable for 20, 40, 60% of routes, changed. The share
of transportation volume of the 22 most significant routes declined from 59.1% to 57.7%.

The composition of the first and the last four Tyumen CPPT routes by the value of
Q04–06 remained stable. The best four routes by transportation volume were №№ 30, 25, 17,
51; the worst by the same indicator were—№№ 149, 129, 157, 134.

7.1.3. Pareto Analysis of the Contribution of Different CPPT Routes in Monthly (April)
General Results

Figure 15 presents Pareto distribution of the cumulative transportation volume during
April Q04 at Tyumen CPPT routes in April 2019 and April 2020.
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Tables 12 and 13 show numerical values of transportation volume Q, attributable to
every 20-th percentile of cumulative distribution (April 2019 and April 2020).

Table 12. Characteristics of cumulative curve (Lorenz curve) of distribution of transportation volume
Q04 at Tyumen CPPT routes.

X/Y
Percentiles of Distribution of Tyumen CPPT Routes (Scale X)

20 40 60 80 100

Cumulative volume of
transportation, share of 1

(scale Y)

2019

0.603 0.866 0.977 0.999 1.000

2020

0.634 0.877 0.985 1.000 1.000

Table 13. Distribution of annual transportations volume Q04 by percentiles of Tyumen CPPT routes.

X/Y
Percentiles of Distribution of Tyumen CPPT Routes (Scale X)

0–20.0 20.1–40.0 40.1–60.0 60.1–80.0 80.1–100.0

Volume Q attributable to
appropriate percentile,

share of 1 (scale Y)

2019

0.603 0.263 0.111 0.022 0.001

2020

0.634 0.243 0.108 0.015 0.000

Analysis of data of Tables 12 and 13 shows a significant shift of data of April 2020,
relatively, to the analogous data of 2019. In April 2020, 25 routes out of 110 were not
executed. Shares of the first 20th percentile of routes increased from 0.603 in April 2019 to
0.634 in April 2020.

The composition of the first and the last by the value of Q04 in April 2019 and April
2020 remained the same. The best four routes by transportation volume Q04 were №№ 30,
25, 17, 51; the worst by the same indicator—№№ 149, 129, 157, 134.

7.1.4. Results from Evaluating the Structural Sustainability of Tyumen CPPT Routes System

Based on the results of the research, presented in Sections 7.1.1–7.1.3, the following
conclusions were made.

1. Despite the decrease of the general annual transportation volume, by 1.5-fold, the
general structure of the distribution of the volume by routes remained the same.
Two conditions indicate this. The first—features of the Pareto-diagrams (2019 and
2020) show unevenness of the contribution of different routes to the general annual
results by transportation volume (Tables 8 and 9). The second—practically unchanged
composition of the best routes (ranks 1–5) and the worst routes (ranks 106–110)
forming these total volumes.

2. The sudden crisis of the Tyumen CPPT system, connected with a sharp decrease of the
transport activity of citizens during the COVID-19 restrictions, had a serious impact
on not only transportation volume, but also on the structure of the distribution by
the routing system. The data in Tables 12 and 13, and Figure 15, illustrate two obser-
vations. First, in April 2020, a quarter of the routes of Tyumen (25 out of 110) were
not executed, and that was a direct consequence of catastrophic COVID-19 events
in society. Second, there was a significant increase (in the conditions of the general
decrease of volume Q04 2020 relative to Q04 2019 by four-fold) of the share of passenger
transportation on routes, related to the first 20-th percentile.

Analysis of the structure of routes, which experienced a sharp change of transportation
volume in the acute phase of COVID-19, showed that they could be divided into two
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different groups. Routes of the first 20th percentile (0–20-th percentile) are routes that serve
the city center. They are maximally resource-rich. The transporters of these routes could be
evaluated as relatively efficient. Their profits exceed expenses. These routes are primarily
used by solvent middle-aged people who have permanent jobs and stable lifestyles. Routes
of the last 20th percentile (81-st to 100-th percentile) are peripheral, and they serve remote
districts. Low-income people (senior citizens or, vice versa, young people) mostly live
in such districts. Their level of well-being is low, the majority of senior citizens do not
have “high” social status. Due to these circumstances, in relatively good times, transporter
activities on these routes were unprofitable, and the municipality had to subsidize them.
These routes were terminated in April 2020 and minimized during the COVID-19 period.

3. Despite the crisis of the Tyumen CPPT system in April 2020, transportation organizers
actively started to recover from the crisis in May–June 2020. As a result, by the
end of the second quarter of 2020, the structure of the CPPT route system volume
distribution approached to its initial numbers. At the same time, the return was
provided by the municipality’s financial support for routes of the last 20th percentile
(80.1–100 percentiles). If there had been no support, the distribution of transportation
volume would likely not have returned to the initial structure.

4. Consequently, despite the COVID-crisis of 2020, the Tyumen CPPT system could
be characterized as structurally sustainable. Structural sustainability is provided by
municipal management. The reasons and motivations of management approaches
can differ. One of the most important is a desire to avoid social unrest. The fact is that
economic support provides sustainability of the Tyumen transport service system.

7.2. Discussion of Results

Conclusions about structural sustainability of the Tyumen CPPT system are not final.
We reviewed the annual, quarterly, and monthly volumes—but not how they were formed.
It is known that transportation volume Q forms by taking into account the number of
completed trips Z, and the average (weighted by possibilities of possible values) value of
the random variables of indicator Q1km.

During the transformation of the transportation system in the period of an acute phase
of COVID-19, the number of executed trips, Z, and the expected value of indicator Q1km
changed (practically always decreased).

Relative transportation volume, attributable to 1 km of bus mileage Q1km.i, was
calculated for all 110 Tyumen CPPT routes. Table 14 presents the sampled values of
indicator Q1km in 2019 and 2020 for some Tyumen CPPT routes.

Table 14. Change of values of the expected value of Q1кm. i of Tyumen CPPT routes in 2020, compared
with values of the expected value of Q1кm. i of Tyumen CPPT routes in 2019.

№№ of Tyumen
CPPT Routes Q1km.i,2019, Pass./km Q1km.i, 2020, Pass./km Q1km.i, 2019/Q1km.i,2020

30 3.87 2.71 1.376

25 5.02 3.65 1.376

17 3.16 2.28 1.388

149 0.84 0.63 1.336

157 0.69 0.55 1.256

134 0.58 0.45 1.307

For different routes, relative volumes Q1км changed in different degrees during the
year (2019–2020). Bus route № 151 experienced a maximal decrease of the relative volume
of Q1km.i in 2020, compared to 2019, by 1.831-fold (Q1km. 151–2019/Q1km. 151–2020 = 1.831).
For 70 out of 110 CPPT routes, the values of the coefficients (Q1km. 2019/Q1km м. 2020) were
in the range of 1.25–1.50.
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Figure 16 presents the regression model Q1km 2020 = f(Q1km 2019) built for the organi-
zation of passenger transportations at Tyumen CPPT routes.
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Figure 16. Mathematical dependence Q1km 2020 = 0.069 + 0.7022 · Q 1km 2019.

According to statistics values, a decrease of values of Q1km (2020) relative to Q1km

(2019) occurred proportionally. A decrease of passenger transportation efficiency in 2020,
relative to indicator values of 2019 (at all Tyumen CPPT routes to a greater or lesser extent),
occurred systematically.

It proves our conclusion about structural sustainability of the Tyumen CPPT rout-
ing system.

7.3. Results of Analysis of the Significance of the Impact of Stress-Factors on the Change of Total
Transportation Volume Qi Using the Wilcoxon T-Test

Results from using the Wilcoxon T-test on the corresponding data samples (Q 2019/Q 2020
in general; Q 04–06 2019/Q 04–062020; Q 04 2019/Q 04 2020) for the first 20% of Tyumen routes
(22 out of 110), and for the first 40% (44 out of 110) are presented below.

Table 15 shows the fragment of the table of the T-Wilcoxon test of critical values
(Tcr.) for two levels of statistical significance. The reasoning can be based on the results of
comparison Temp. with Tcr. (p = 0.01) [89,93,94].

Table 15. The fragment of the table of T-Wilcoxon criteria, critical values (Tcr.) [89,93,94].

n
Level of Statistical Significance

p = 0.05 p = 0.01

7 3 0

22 75 55

44 353 296

Rule of acceptance for the hypothesis H1: if the empirical value of criterion Temp. ≤ Tcr.
is appropriate to the level of statistical significance p = 0.01, then the promoted statistical
hypothesis is considered proven [89,93,94].

Results of evaluating the COVID-19 stress-factor significance in the change of trans-
portation volume are given for three cases—Q 2019/Q 2020; Q 04–06 2019/Q 04–06 2020; Q 04

2019/Q 04 2020.
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Case Q 2019/Q 2020 in general
Comparing the values of sums, of the ranks of atypical shifts Temp. = 1 (for the case

«The first 20% of routes») and Temp. = 3 (for the case «The first 40% of routes») with table
values of the Wilcoxon T-test (Tcr. = 55 for p = 0.01 for the case n = 22 and Tcr. = 296 for
p = 0.01 for the case n = 44), we conclude that Temp. < Tcr., i.e., Temp. is in the significance
zone and change of values Qyear are not random, then hypothesis H1 is proved.

Case Q 04–06 2019/Q 04–06 2020
Sums of ranks of atypical shifts Temp. = 10 (for the case «The first 20% of routes») and

Temp. = 15 (for the case «The first 40% of routes»). Temp.< Tcr., i.e., Temp. is in the significance
zone and change of values Q04–06 are not random, then hypothesis H1 is proved.

Case Q 04 2019/Q 04 2020
Sums of ranks of atypical shifts Temp. = 15 (for the case «The first 20% of routes») and

Temp. = 21 (for the case «The first 40% of routes»). Temp.< Tcr., i.e., Temp. is in the significance
zone and change of values Q04 are not random, then hypothesis H1 is proved.

At the same time, it should be noted that comparison of Temp. values for annual
Q 2019/Q 2020, quarter Q 04–06 2019/Q 04–06 2020 and monthly Q 04 2019/Q 04 2020 cases show
relatively big instability of the process of transportation volume change in case of compari-
son Q 04 2019/Q 04 2020.

Therefore, we can make a conclusion about the significance and impact of COVID-19
stress-factors on change of transportation volume.

8. Conclusions

Any process takes time to develop, according to the laws of dialectics. For example,
the change of structure of a CPPT system involves systematic modification of the number of
CPPT routes and the vehicle fleet sizes serving these routes. These processes occur naturally.

However, sometimes, unexpected events force events to speed up. N. Taleb named
these events «Black swans». Events that occurred during the spring–summer of 2020
became “black swans” due to the global COVID-19 pandemic. This period was catastrophic
for the “natural processes” of the life support of cities.

The systematic structure of passenger transportation volume of CPPT routes has
developed throughout the years. This process has two aspects. The first is that new citizen
needs force transportation organizers to launch new routes. The second is that there are
various structures of use of transport services along different routes. The majority of
passengers who use routes serving the city center are middle-aged people who always use
CPPT service. Passengers on peripheral routes are mostly senior citizens or young people
(students). They were restricted in a bigger way compared to other categories of citizens
during the COVID-19 lockdown. Thus, a sharp decrease in demand for transportation was
typical for peripheral Tyumen CPPT routes. Consequently, transportation volume along
these routes decreased in spring–summer 2020.

Research showed that, a year later, in 2021, transport service fully returned to its
initial structure. Transportation volume changed, but the structure of distribution by routes
remained quite sustainable.

Sustainability was mostly provided by the municipality (i.e., subsidizing unprofitable
transporter activities on peripheral CPPT routes). If there had not been financial support,
then the structure would have adapted to the environment, as it did in spring–summer
2020. Events of spring–summer 2020 was a “stress-test” of the entireTyumen transport
service system. The question is, “What will happen to the city transport system in case of
a sharp change of volume or structure of demand for transport services?” The answer is,
“The state of the transport system will highly depend on possibilities and the desire of the
municipality to organize external funding of unprofitable transporter activity, in conditions
where there is a decrease in demand for transport services, and population solvency”.
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