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Abstract: In the context of accelerating urbanisation, cities must ensure a viable economy, social well-
being, and a healthy environment. Transport is one of the key conditions for economic development
and meeting the needs of countries, regions, and cities. However, transport must meet not only the
physiological but also the social needs of society, one of which is environmental security. Urban
transport accounts for around 40% of CO, emissions and 70% of other pollutants from road transport.
Thus, one of the most difficult issues for any city to address when building bypasses is the growing
number of cars in the city, traffic congestion, and the reduction of all greenhouse gas emissions. The
documents adopted in July 2020 aim to revitalise the EU’s economy by moving towards a green
economy and sustainability. In addition to the systematic and comparative analysis of concepts
published in the scientific literature, the article also presents an analysis of the concepts of the
sustainable city and sustainable transport, as well as a study of the social impact of bypasses and the
assessment of the security of the social environment in the Baltic capitals. The aim of the article is to
assess the impact of the growing number of vehicles on the security of the city’s social environment.
Research results show that the number of pollutants and a direct dependence between the number
of pollutants and the driving speed were established. Therefore, it needs to make investments in
the transport sector: improving roads, the construction of bypasses, and the technical parameters of
purchased cars.
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1. Introduction

The scientific literature [1-6] points out that infrastructure is a key condition for eco-
nomic development and meeting the needs of countries, regions, and cities and emphasises
its importance for the economic development of lagging cities. Infrastructure is important
for both urban residents: businesses and tourists. Most of the time, it is designed to meet
the needs of citizens and city guests and makes the city more accessible. Researchers, em-
phasising the impact of infrastructure on the accessibility of a city or region, also emphasise
the effect of reducing the accessibility costs of the territory and increasing the opportuni-
ties to access resources. Roads, pipelines, airports, railways, power lines, gas pipelines,
sewerage/drainage systems, information technology, and telecommunications infrastruc-
ture are generally considered to be physical infrastructure. Studies and calculations by
various researchers have shown that physical infrastructure correlates with GDP, labour
productivity, and investment. For example, the European Commission estimates that,
through the implementation of the project TransEuropeanNetwork (TEN), the European
Union’s GDP will increase by 0.25% and employment by 0.11% between 2005 and 2025, and
800,000 jobs will be created [7]. However, the development of physical infrastructure also
has another side to it. A study by the European Environment Agency (EEA) [8] indicates
that as much as 88% of the population in European cities is affected by pollution. Urban
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transport accounts for around 40% of CO, emissions and 70% of other pollutants from
road transport. As early as 1987, in order to address the problems caused by urbanisation
processes, the UN’s World Commission on Environment and Development (WCED) issued
a report entitled “Our Common Future”, which had the greatest impact on the emergence
of the concept of sustainable development. The report emphasised the need for sustainable
socio-economic development that would also take into account ecological factors. The
authors [9-13] also emphasised the need to implement the principles of sustainable urban
development for urban development. The authors of the article agreed with the need
to pursue sustainable socio-economic development that would take into account ecolog-
ical factors and conducted an analysis of the scientific literature on the concepts of the
sustainable city and sustainable transport.

2. Sustainable City

In the scientific literature, a sustainable city is defined as the improvement of the
quality of life in a city, including ecological, cultural, political, institutional, social, and
economic components, without leaving a burden on future generations. Urban sustain-
ability aims to reduce the consumption of natural resources and the generation of waste
in the city, thus improving the habitability and quality of coexistence of local, regional,
and global ecosystems [14]. Zhao (2014) described a sustainable city as a city that ensures
adequate well-being for its people by maintaining and improving the urban ecosystem and
services provided [15]. Urban sustainability is an “adaptive” process that facilitates and
sustains a coordinated virtual cycle of ecosystem services and human well-being [16,17].
According to researchers [3,10], a sustainable city is liveable, efficient, and environmentally
friendly. The following dimensions must be ensured in such a city: social, economic, and
ecological. Sustainable urban development is the improvement of the quality of life in a
city, including ecological, cultural, political, institutional, social, and economic components,
without leaving a burden on future generations. In the scientific literature [18-24] and in
various strategic documents (e.g., European Innovation Partnership on Smart Cities and
Communities: Strategic Implementation Plan (2013) [25], Lithuanian Progress Strategy
“LITHUANIA 2030” [26], and National Progress Programme for the period 2014-2020 [27]),
“smart” city is a particularly popular term. It is most often defined as a city of high quality
of life and competitiveness. Researchers [18-24] emphasise that digital infrastructure and
data, information technology, and telecommunications, which drive economic progress but
have a weak impact on the environment and ecosystems, are of particular importance for
sustainable urban development. According to [28], sustainable development is understood
in the scientific literature as a complex concept and a complicated process [29] aimed at
ensuring prosperity not only for the present but also for future generations. Marin et al. [30]
emphasise the depletion of key resources, while Cioca et al. [31] describe sustainable devel-
opment as development that maintains the stability of the system and develops a balance
between economic, social, and environmental development without endangering future
generations. However, according to the European Environment Agency (EEA) for the year
2015 [32], one in four urban dwellers in Europe lived in cities where air quality standards
were exceeded, of which more than 95% lived in an environment where air pollutants
could harm the social environment and its security.

3. Sustainable Social Environment and Its Security

In the scientific literature, the concept of a sustainable social environment is defined
differently. Bruneckiené et al. [1,33] distinguish four sectors: public transport, health
and social security, education and science, and public security infrastructure. Panda [34]
highlights the following factors: the ability to meet basic needs, house, health protection,
security, education, personal capital, demography, poverty rate, culture, recreational areas,
and access to credit, which all add up and complement each other. Cin¢ikaite and Pali-
ulis [35] described the social environment through the following factors: human capital;
migration; social burden on the city; urban security; community learning, partnership.
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and activism; social, cultural, and sports infrastructure; the education and training system;
the psychological climate of the city; the demographic situation of the city; and medical
protection infrastructure. These authors supplement the classifications already discussed
with the following factors: migration, social burden on the city, community learning,
psychological climate, and partnership and activism. Whilst examining the concept of
security in the social environment, it has been observed that the security factor is usually
understood as physical security (protection from any situation that endangers a person’s
physical security—it can be crime and violence). However, a secure environment is the
only appropriate environment in which human rights and freedoms can be exercised and
developed. The sense of security determines both the behaviour and quality of life of
individuals, as well as the social and political stability of the state and the confidence of the
population in the legal and institutional mechanisms functioning in it [36,37]. The authors
of the article define the concept of urban social environment security as physical security,
health security, urban social security, educational security, security of house purchase,
income security, and psychological security [38].

4. The Impact of Road Transport on Sustainable Urban Development

Researchers define the concept of sustainable transport differently [39-47]; for in-
stance, sustainable transport is transport services that justify spending on social needs and
environmental protection, and are optimally adapted to the needs of the city. Transport
needs—mobility and security—must be reconciled with the goals of the quality of the urban
environment and the comfort of living in areas [39]. A sustainable transport system is one in
which fuel consumption, vehicle emissions, security, traffic congestion, and socio-economic
factors do not have irreversible consequences for future generations [40]. Sustainable trans-
port does not pose a threat to public health or the ecosystem and ensures that long-term
goals for the use of renewable sources are met [41]. The goal of sustainable transport is to
ensure that environmental, social, and economic factors influence all decisions concern-
ing the transport system [42]. According to the European Environment Agency (EEA), a
sustainable transport system is one that reduces the need for non-renewable sources, as
well as the adverse effects on the environment and human health. It also seeks to make
mobility accessible so that services, jobs, and education are easily accessible as we travel
more and more [43]. A sustainable transport system includes transport that is not based
on the use of fossil fuels [44] and transport that is accessible, efficient, financially sustain-
able, environmentally friendly, and safe. [45] It is the development of society, enabling the
common good to be attained for the present and future generations while reconciling the
environmental, economic, and social objectives of society and staying within the limits of
their environmental impact [46]. It represents inclusion and the consideration of ecological,
social, and economic factors in transport activities [47].

Researchers [48] highlighted the main reasons influencing the development of sustain-
able transport: incompatibility of infrastructure, dependence on fossil fuels, a low level
of security, tax and price distortions, increasing CO, emissions from transport, changing
mobility needs, and increasing traffic congestion. The traffic congestion has a negative
impact on the economy, the social sphere, health, and the environment. The air is mostly
polluted during start-up, braking, and slow driving. It was found that air pollution is
50 times higher than the general average at the point when the car starts to move. Increas-
ing the speed to 90 km/h reduces fuel consumption and emits less than half the number of
pollutants. Cars have another negative effect: when moving, vehicles cause vortices and
raise dust together with health-hazardous micro-organisms [49].

Transport is one of the most important factors in ensuring economic development
and people’s quality of life. Investment in transport infrastructure has a significant impact
on economic growth [50,51]. The importance of the sector is also reflected in Lithuania’s
macroeconomic indicators, as the share of gross domestic product (GDP) generated by
the transport sector in 2019 was 13%, making it one of the most important sectors in the
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country. In 2019, about 8% of all employed people in the country worked in the transport
and storage sector [52].

Scientific literature indicates that the main urban transport problems are the following:
increasing traffic congestion [53], which influences the increase in the number of traffic
accidents, travel time [54], and transit of urban transport through urban areas [55]. EU
reports highlight the following problems in the transport system [56]: traffic congestion,
sustainability, air quality, quality of transport infrastructure, and competition.

Much time is lost in traffic congestion, as indicated in the report “Development of
Methodology and Model Intended for Assessment of Socio-Economic Impact of Invest-
ments Financed from the European Union Structural Funds and the National Budget
Funds of Lithuania”. The final report can be assessed from a financial point of view. This
report contains time rates estimating the cost of one hour for a person travelling for work
(EUR 11.99) and non-work purposes (EUR 4.80).

One of the largest problems in big cities is traffic congestion, and cities are starting to
build bypasses to eliminate it. According to the insights of Juskevi¢ius [13], the greatest
benefit is achieved by forming a ring of bypasses around the entire city. Such a bypass
system diverts transit traffic away from the city and decentralises motor traffic.

The impact of bypasses was examined, taking Vilnius as an example [57], and it was
found that the travel distance decreases from 4.7 to 3.5 km, the number of traffic lights
decreases from 10 to 0, travel time during off-peak hours is reduced from 11 min to 3 min
58 s, travel time during the morning peak (from 7:00 to 8:30) is reduced from 32 min to
3 min 58 s, and the average speed increases from 8.8 to 52.9 km/h.

Air Pollution

With increasing atmospheric pollution worldwide, special attention is being paid to
atmospheric pollution by particulate matter. According to global health data, one in eight
deaths are caused by atmospheric pollution [58].

Atmospheric pollution by particulate matter is one of the main problems of ambi-
ent air quality in cities [59]. According to statistics from the World Health Organisation
(WHO), atmospheric pollution causes 3.7 million premature deaths each year [60]. A total
of 2.4 million deaths occur each year from diseases caused by particulate matter [61]. Par-
ticulate matter that enters the human body causes diseases such as asthma, bronchitis,
cardiovascular disease and lung cancer [62], eye diseases, cancer, birth defects, and in-
creased susceptibility to viral ailments [63] and can also worsen the psychological condition
of humans [64]. A correlation has been found to exist between air pollution and the num-
ber of respiratory and cardiovascular diseases [65]. As air pollution increases, so does
the number of instances of such diseases. Signoretta et al. [65] found a link between the
psychological state of a human being and ambient air pollution. As air pollution increases,
people experience more psychological problems, are more responsive to stress, feel increas-
ingly worse, suffer from fatigue, and are in a bad mood. The World Health Organisation
(WHO) [60] estimates that environmental stressors in Europe, one of which is air pollution,
account for around 15-20% of deaths. In 2017, an assessment of the effects of air pollution
on the central nervous system of children and adults was performed. This study revealed
that elevated PM2.5 concentrations have an effect on adult episodic memory and may be
one of the factors causing increasing depressive disorders. The increase in NO2 concen-
trations is associated with dementia and NOx with Parkinson’s disease. Researchers have
categorically stated that air pollution has a significant adverse effect on the central nervous
system of both children and adults and is a significant risk factor for public health [66].
The main air polluters are thermal power stations and boiler houses, industrial firms, and
transport. In Lithuania’s largest cities, mobile air pollution sources account for around
75-80% of total air emissions. As there is an intensive concentration of industry and cars in
cities, it is assumed that air pollution is highest in metropolitan areas, and it is there that
air pollution causes the most deaths and illnesses.
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5. Methodology

The study consists of two parts. The first part presents the security assessment of
the social environment in the context of increasing road transport. The assessment is
performed based on the MDK model [6,35]. With their empirical research, the authors
of the article seek to determine the assessment and dynamics of the security of the sus-
tainable social environment in the Baltic capitals over the period of 2015-2020 in terms of
increasing road transport. Analysis of the scientific literature [21,67-69] has shown that
multi-criteria assessment methods can be successfully applied in the assessment of various
multidimensional sustainable development processes or socio-economic phenomena, as
they can help to perform such tasks as selection, sorting, ranking, and characterisation.
Thus, in order to evaluate the assessment of urban social environment security in the
context of increasing road transport as objectively and accurately as possible, the authors
choose the multi-criteria assessment method COPRAS (complex proportional assessment
method) [67-69], and the data are normalised by transforming them into a dimensionless
form according to the following Formula (1):

L Tijw;
Tij = = 1

Y rij
=1

where w; is the weight of the i-th indicator; rij is the value of the i-th indicator for the
j-th object.

The priority of objects is determined. The higher the Q;, the higher the efficiency
(priority) of the variant (2).

—_—
S_j>< Z S—_min (2)

where

S_j—the sum of minimising normalised indicators
S +j—the sum of the maximising normalised indicators
S_min—minimum value of minimising normalised indicators

In the second part, the aim of the assessment is to determine the impact of high-speed
streets and bypasses on urban pollution, following the example of the Vilnius Western
Bypass. According to the hypothesis formed when performing an analysis of scientific
evidence stating that road transport pollution and emissions decrease with increasing
speed up to a certain limit and then increase again [70-74], the speed on bypasses and
high-speed streets is considered to be higher than on urban streets within the territorial
limits where emissions in g/km are lower. We want to note this example: as the speed of
car traffic increases to the limit of 70-90 km/h, the pollution decreases and then starts to
increase again. Therefore, on bypasses and expressways where speed limits are limited to
70-90 km/h, pollution is lower than on city streets, where speeds are limited to 50 km/h
and real speeds are around 30 km/h. Calculations of emissions from cars on city streets
consist of two parts [75]. The first part of the calculation covers the pollution of car traffic
on the streets between regulated junctions, and the second covers pollution at regulated
junctions. Car traffic intensities on the streets are divided into zones, which are then
considered separately. Pollution is calculated separately for each zone or junction. In this
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way, in order to calculate the total car pollution in a certain part of the road, we calculate
the pollution in the sections and junctions that make up the analysed road.

n ) m .
Mr =Y Ms+) M 3)
i j

where Mr is total car pollution on the road stretch to be analysed, g over the period of a
certain unit of time (we can choose it ourselves); Mg is car pollution on the road section to

be analysed i, g over the period of a certain unit of time; M]] is car pollution on the road
junction j, g over the period of a certain unit of time.

The determination of pollutants caused by car traffic on the streets between road
junctions is calculated [75] as the number of i-th pollution particles emitted by car traffic
(g/s), L-in the kilometre section according to Formula (4):

L NS

where L is length of the street in the stretch of the analysed section, km; m?kp is the i-th
emissions of the k-th car group when operating the car in the city (Table 1); k is number of
car groups; V}" is the intensity of movement of the k-th group, number of cars (pcs) within
an hour (h); 7j, is the adjustment factor estimating the average speed of car traffic in the
stretch of the analysed section (Table 1).

n

Table 1. Emission values (g/km) for different classes of cars m zkp [75].

Emissions, g/km

No. Car Class

co NO; CH PM SO,
1 Passenger car 2 0.7 0.4 0.02 0.03
2 Minibus 4.5 2 2.5 0.08 0.06
3 Bus 7 6 5 0.3 0.07
4 Heavy goods vehicle 9 7 5.5 0.4 0.1
5 Heavy goods vehicle with a trailer or semi-trailer 12 8 6.5 0.5 0.12
6 Hybrid cars 1.04 0.36 0.21 0.01 0.02

As the traffic of cars fluctuates significantly during the day; it is possible to calculate
the pollution in the stretch of the analysed section:

k
Mg = LZme Vitio (5)
1

When determining the emissions of harmful substances in the traffic flow at the
regulated junction j, the duration of operation of the prohibitory signal, periodicity, and
emissions according to individual types of harmful substances during parking time are
evaluated [75] (Formula (6)):

P_REE g
M] = E Z Z (mzekaax) (6)
n=1k=1
Here, R is the average duration of the prohibitory traffic signal, in minutes; N, is
the number of prohibitory traffic signals in a period of 20 min; Ng, is the number of car
el

groups; m$ is emissions of the i-th substance (g/min) of cars in the comparison k-th group
standing in front of prohibitory traffic signals; Q. is the row length of the k-th group
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of cars parked in the junction zone at the end of the n-th prohibitory traffic signal; N, is
g/min, calculated by summing the lengths of the vehicles approaching the junction. This
is done in two stages: the length of all vehicles is determined, and the lengths of each
vehicle are determined. At the end of the prohibitory traffic signal, the length of the row
approaching the junction is determined for each direction according to Formula (7):

VR
Qmax - m (7)

Here, R is the average duration of the prohibitory traffic signal burning, in seconds;
S is the traffic flow rate in the lane, the intensity of queuing of vehicles, cars/h; N, is the
number of prohibitory traffic signals over the period of 20 min, calculated according to

Formula (8):

N, = 12C00 ®)

When calculating the numbers of harmful substances in the junction zone, it is as-
sumed that at the end of each prohibitory traffic signal during the selected interval of
20 min, the composition and length of the traffic flow will be the same.

Calculating Pollution on the Bypass and in the City

When performing pollution calculations for car traffic on the Western Bypass (see
Table 1), car traffic volumes were grouped by type and time. The lengths of the segments
between the traffic flow variation points are given.

Mg = M{ + ME2 4+ MEPB ©)

Here, M{ is the total number of pollutants in the traffic of cars going around the
bypass, g; M4, M42, M‘S‘X3 is the number of pollutants in the traffic of cars moving in
separate sections (stretches) of the bypass, g.

The number of pollutants M on a separate bypass section is calculated:

= LAZ o 2 nf Vi) (10)

Here, L/ is the length of the i-th bypass section, km; r{} is the coefficient estimating
the variation of emissions depending on the speed of movement (Table 1), where index A
means measurements in the speed bypass, t is the index for one of the three measurement
periods; m." 2 P is the z-th emission of the j-th car group (there are five groups excluded)
during the operation of the car in the city, g/km; Vj; is the number of group j cars in the
i-th section over the time period (t) of measurements.

The total emissions on a bypass are calculated:

Z er Zm Vi) (11)

The number of pollutants in the city can be calculated:

3 5

MS§ = LE(Y ri () mlf Vi) (12)
t=1  j=1

By comparing Formulas (11) and (12) in relative terms, it is possible to determine the
indicators on which pollution depends on the analogous composition of traffic flows:

ALA
L rtv

Ki =
Lz rtv

(13)
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Here, K; is a coefficient showing the ratio of bypass pollution to the city streets used to
achieve the same transportation goal; LlA and LIC, respectively, are the distances travelled
on the bypass and city streets to reach the same transport destination, km; r#} and r{; are
coefficients estimating the variation of emissions depending on the speed of movement
on the bypass (A) and city streets (C), respectively. If the obtained coefficient K is more
than one, more emissions are emitted when transporting goods by bypass, and if it is less
than one, it is more efficient to carry out transportation by bypass, and fewer emissions are
emitted by the traffic flow.

6. Research

A study of the scientific literature lacks a comprehensive assessment of the security
of the urban social environment in the context of increasing road transport. The aim of
this article is to determine which city occupies the best social security situation among the
capitals of the Baltic States in terms of increasing road transport. The capitals of the Baltic
States have been selected for the study due to their geographical location and historical,
political, and economic past.

Security is not just physical security, which is what many scientists analysing the
topic of urban competitiveness talk about. Security is defined by the authors of the article
as physical security, health security, urban social security, educational security, housing
security, income security, and psychological security. The research uses the MDK model,
which is based on the principle of program-targeted management, which provides an
opportunity to predict the influence of factors, as well as their importance in achieving the
set goal.

The number of registered cars is growing every year (see Figure 1). Having compared
2020 to 2019, an increase of 2.5% has been noticed in Tallinn, 2.23% in Riga, and 2.36%
in Vilnius.

250,000.00

200,000.00
150,000.00

‘£ 100,000.00
50,000.00
0.00

2015 2016 2017 2018 2019 2020

units

7

Number of registered cars

Year

W Vilnius Riga Tallinn

Figure 1. Number of registered cars (in the period 2015-2020) (according to Eurostat).

Meanwhile, comparing 2020 to 2015, an increase of 19.01% is observed, 28.14% in Riga
and 13.76% in Vilnius. Based on the country rankings according to the logistics activity
index, published by the World Bank, in 2018, Estonia ranked 36th, Lithuania 54th, and
Latvia 70th.

In order to assess the assessment of the security of the social environment of the
Baltic capitals in terms of increasing road transport, data covering the period of 2014-2020
(Eurostat, Lithuanian, Latvian and Estonian Department of Statistics) were used. Statistical
assessment methods are used to assess the security of the social environment of the Baltic
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capitals in terms of increasing road transport. Their result is determined by the possibilities
of obtaining information.
The assessment score is calculated according to Formula (14):

IMlo = 0.1Mj19 + 0.1M17 + 0.1M79 + 0.1M111 + 0.1Mj1 + 0.1Mp13+ (14)
+0.1Mj15 + 0.1Mp16 + 0.1 M314 + 0.1 M>17

where

M;j1p—Value of the urban demographic situation factor;

M;j7—Value of the social, cultural, and sports infrastructure factor;
Mj9—Value of the medical protection infrastructure factor;

M;j11—Value of the education system factor;

Mp1,—Value of the human capital factor;

Mp13—Value of the migration factor;

Mp15—Value of the urban security factor;

Mj16—Value of the community learning, partnership, and activism factor;
Mpy14—Value of the social burden factor for the city;

Mp17—Value of the sustainable urban transport factor.

According to the data shown in Figure 2, Vilnius leads in the whole period under
review (2014-2020). A very significant gap between Tallinn and Riga was observed in 2020,
the reasons for which may be investments in the transport sector, improvement of roads,
construction of bypasses, and technical parameters of purchased cars.

0.3800
0.3700
0.3600
0.3500
0.3400

0.3300
0.3200
0.3100
0.3000
0.2900
0.2800

2014 2015 2016 2017 2018 2019 2020
m Tallinn 0.3297 0.3402 0.3315 0.3315 0.3362 0.3303 0.3108
Riga 0.3105 0.3202 0.3266 0.3235 0.3145 0.3281 0.3227
Vilnius  0.3599 0.3396 0.3419 0.3450 0.3493 0.3416 0.3664

Year

Qj

Figure 2. Results of the assessment of the security of the social environment Q; of the Baltic capitals
in the aspect of increasing road transport (in the period 2014-2020).

The second study aims to determine the extent to which the construction of bypasses
contributes to the reduction of air pollution, following the example of Vilnius. The Vilnius
City Western Bypass was built with the aim of relieving traffic in the city centre. The bypass
also helped to avoid junctions controlled by traffic lights and increased the maximum speed
limit to 90 km/h (leaving restrictions up to 70 km/h only for traffic jams or exit sections).
In this way, the driving speed between the main directions of traffic flows passing through
Vilnius has been increased.

A passenger car, a minibus, a bus, a heavy goods vehicle, and a heavy goods vehicle
with a trailer or semi-trailer were distinguished.

Measurements are made in the sections defined in the figure. The points in Figure 3
are marked with the appropriate code and name.
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Figure 3. Vilnius City Western Bypass, main traffic flow directions, and bypass traffic flow measure-

ment points.

Having performed the measurements, the data were converted into the amount of
car traffic per hour. Traffic flows in both directions of the bypass were determined. The
data obtained are presented in Tables 2 and 3. The distance between points was found to
be 1-2 is 6.6 km, between 2-3-3.9 km, between 3-4-2.1 km, and a total of 12.6 km. When
driving through the city streets (GeleZinio Vilko St. or Ukmergeé St.), we will obtain the
distance of 13.3 km between the end points.

Table 2. Summarised driving speeds of Vilnius city car flows and values of pollution adjustment factor ;.

Average Tra.lfﬁc Adjustment Average Tra.\fﬁc Adjustment Average Speed Adjustment
Speed during Factor 7; Speed during Factor 7; at Night km/h Factor r;
Peak km/h 0 Off-Peak km/h 0 & 0
On bypass 41.0 0.73 79.3 0.49 82.8 0.52
On city streets 14.4 1.29 26.2 1.08 45.7 0.62
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Table 3. Percentage of pollution reduction in Vilnius city achieved by driving through bypass.

Stretch Type of Transport CcO NO, CH PM SO,
Ukmergeé Passenger cars 46.24% 46.24% 46.24% 46.24% 46.24%
Minibuses 47.90% 47.90% 47.90% 47.90% 47.90%
Buses 48.93% 48.93% 48.93% 48.93% 48.93%
Heavy goods vehicles 48.23% 48.23% 48.23% 48.23% 48.23%
Heavy goods vehicles with trailers or semi-trailers 46.82% 46.82% 46.82% 46.82% 46.82%
Karoliniskes Passenger cars 47.47% 47.47% 47.47% 47.47% 47.47%
Minibuses 49.78% 49.78% 49.78% 49.78% 49.78%
Buses 51.92% 51.92% 51.92% 51.92% 51.92%
Heavy goods vehicles 51.60% 51.60% 51.60% 51.60% 51.60%
Heavy goods vehicles with trailers or semi-trailers 49.29% 49.29% 49.29% 49.29% 49.29%
Lazdynai Passenger cars 47.12% 47.12% 47.12% 47.12% 47.12%
Minibuses 48.13 48.13 48.13 48.13 48.13
Buses 45.98 45.98 45.98 45.98 45.98
Heavy goods vehicles 49.58% 49.58% 49.58% 49.58% 49.58%

Heavy goods vehicles with trailers or semi-trailers 48.91% 48.91% 48.91% 48.91% 48.91%

In order to accurately determine the driving speed, tests were performed on the
Vilnius Western Bypass. The speed of car traffic in Vilnius was also measured. To ob-
tain accurate results, the measuring processes were repeated several times on week-
days during peak and evening traffic (congestion), in the morning and evening traffic
(7:00-10:00 and 16:00-20:00 in the opposite direction), during off-peak traffic (10:00-16:00),
and at night (20:00-7:00). The traffic flow periods are divided according to the obtained
measurement results.

The obtained generalised car flow rates in Vilnius are presented in Table 2.

Standard speed measurements are used to analyse car traffic pollution and urban
traffic speed [76]. Measurements made in medium-speed cities by different authors and
the results of measurements vary, as they depend on the size of the city, the number of
traffic flows and regulated intersections, and the characteristics of regulation. The EU’s
urban speed limit, the “urban speed standard”, is 22.6 km/h. [77].

Using the measurement data in Tables 3 and 4, describing the number of cars in
the traffic flow by type depending on the measurement time in both directions, as well
as the average speeds in both directions (Table 3), at the same time distinguishing the
individual sections of the bypass, daily pollution calculations are performed on the bypass
and city streets.

Table 4. The rating of the Baltic capitals according to different indices and ranking in 2021.

. Quality of  Safety Road Traffic Global Air
City Life Index  Index Death Rate Transport Rank CO. Quality
Tallinn 168.65 77.50 7 10 212 26 6
Vilnius 165.21 7241 10 19 311 23 1
Riga 142.27 62.07 10.6 14 287 15 7

Pollution can be shown for individual sections of the bypass, as well as for individual
modes of transport.

When performing the calculations of the number of pollutants, a direct dependence
between the number of pollutants and the driving speed was established. As the speeds of
the cars on the bypass have a correspondingly lower coefficient of variation of pollutants
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depending on the speed of the traffic, the emissions of all the pollutants analysed are
correspondingly lower by a factor of 1.9.

7. Discussion

The security requirements of the social environment of a modern city are inextrica-
bly linked to a viable and competitive economy, a healthy environment, social welfare,
and ecology.

Cities are ranked according to different methodologies by compiling and calculating
different indices. Some of them are presented in Table 4.

As can be seen from Table 4, different indices and ranks show different positions of
cities, depending on the index target, and the indicators and methods used.

Scientific sources have also developed many assessment methods and complex indices
and conducted many studies evaluating cities and sustainable development [5,6,33,35,68,78-83].

The authors of the article presented a comprehensive assessment of the social envi-
ronment security of the Baltic capitals in terms of the growing number of road vehicles.
Further research could include air transport and inland waterway transport.

It should be emphasised that the situation of air pollution in cities will change over
time, one of the reasons being the measures taken by states to address this problem, which
could be the focus of further research.

8. Conclusions

Transport is one of the most important factors in ensuring economic development
and people’s quality of life. Investments in transport infrastructure have been shown to
have a significant impact on economic growth. It has been observed that the number of
registered vehicles is growing every year. Having compared 2020 with 2015, an increase of
19.01% was observed in Tallinn, 28.14% in Riga, and 13.76% in Vilnius. However, given
that the main air polluters are thermal power stations and boiler houses, industrial firms,
and transport, and the intense concentration of industry and cars is in cities, it is assumed
that air pollution is the most likely to contribute to the increase in deaths and morbidity.

When a person chooses the city they want to live in, it is often important for each
individual not only to feel safe in a physical sense but also to receive appropriate education
and health services, ensure well-being, feel psychological security, and breathe fresh air.
Personal safety is one of the many factors that need to be assessed comprehensively. The
authors of the article, taking into account the growing number of road transport vehicles
and the damage to the security of the social environment, conducted a comprehensive
assessment of the social environment in the Baltic capitals.

Having performed the calculations of the number of pollutants, a direct dependence
between the number of pollutants and the driving speed was established. As the speeds of
the cars on the bypass have a correspondingly lower coefficient of variation of pollutants
depending on the speed of the traffic, the emissions of all the pollutants analysed are
correspondingly lower by a factor of 1.9.

An empirical study of the capitals of the Baltic States showed that in 2014-2020, Vil-
nius took the best position in terms of the increasing number of road vehicles in the social
environment security assessment. A very significant gap between Tallinn and Riga was
observed in 2020, the reasons for which may be investments in the transport sector, im-
provement of roads, construction of bypasses, and technical parameters of purchased cars.

The assessment of the social and environmental security of the Baltic capitals in the
aspect of increasing road transport based on the MDK model, which is based on the
principle of program targeted management, made it possible to predict the influence,
importance, and change of factors in the period under review (2014-2020).
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