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1 Introduction

Nowadays, almost all processes of socio-technical management in Russia have

vertically integrated specifics (Kozhevnikov, 2016). The federal government establishes

general policy and specific practices of society management. Regional and municipal

authorities follow the guidelines of the Federal Centre. In the road safety sphere, the policy

is set by the Main Directorate for Traffic Safety of Russia.

The organization of road traffic in Russian cities and worldwide is constantly

becoming more complicated (Lanke and Koul, 2013; Sładkowski and Pamula., 2015;

Shubenkova et al., 2018; Mohamed and AlShalfan, 2021). This is associated with the

constant increase in the automobilization rate (the current (2021) automobilization rate

in Russia is 413 vehicles/1,000 people) (Website of the State Road Safety Inspectorate of

the Russian Federation, 2021) and, as a consequence, the growth of traffic intensity.

Today, it is hard to find road areas with traffic lights, working in the two-phase mode, in

the biggest Russian cities (Makarova et al., 2017). Four-, five-, and six-phase traffic light

modes have become more and more common for Russians (Gorodokin et al., 2017;

Makarova et al., 2020; Glushkov and Shepelev, 2021; Shepelev et al., 2022).

In February 2014, changes to the main regulatory document on the road traffic

organization came into force in Russia (Russian National Standard 52,289-2019) (GOST

52289-2019, 2019). Its paragraph 7.1.2 was amended with the sentence “it is not allowed to

intersect traffic and pedestrian flows in one phase of the traffic light cycle.” From this

point on, the reconfiguration of all traffic lights to multiphase mode had started in Russian

cities. In some Russian cities, for the increase of road safety, the pedestrian phase was

included in the traffic light cycle. The separation of different transport flows in time

decreases the number of conflicts and the probability of road accidents (Buyvol et al.,

2021). In Russian cities such as Moscow, St. Petersburg, Novosibirsk, Yekaterinburg,

Nizhny Novgorod, and Kazan there are practically no two- or three-phase traffic lights

left. In these cities, in most cases, the traffic light cycle consists of four. . . five. . . six phases,

including the pedestrian one.

In small- and medium-sized (population is up to 100 thousand people) Russian cities,

the processes of traffic light cycle complication and addition of the pedestrian phase are
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just beginning. Some intermediate cases of the organization of

traffic light cycle regulation are often found in large

(population—100–500 thousand people) Russian cities. It is

usually a trade-off between complicated and strict options,

common for million-population cities, and simple two-phase

cycles, common for small and medium Russian cities.

Therefore, purposefulness, speed, and productivity of the

process of the unification of approaches of the road traffic

organization significantly vary in different Russian cities

(Pugachev et al., 2020; Yakupova et al., 2020).

The quality of life of the population in regions is also

differentiated all over Russia (Andrushchak et al., 2011;

Berkalov et al., 2016). The quality of life includes not only

welfare but also an attitude to life and health (Korolenko,

2018). It has an impact on regional differentiation in the

choice of an acceptable level of risk (Wilde, 1998). In the

aggregate, all of them form a specific level of homeostasis of

the road accident rate risk common for a particular city (Wilde,

2014).

How to evaluate the quality of road safety provision in

different Russian cities? Moscow and St. Petersburg vary

greatly from lots of small and medium cities with a

50–100 thousand people population. How to compare their

transport systems from the perspective of system quality? It

can be carried out by the evaluation of urban road safety

provision systems’ orderliness.

In this case, orderliness is the structural quality of a system,

providing minimization of processes’ randomness and increase of

the certainty level of relations between system elements (von

Bertalanffy, 1968). Orderliness is evaluated by the structural

entropy method, i.e., by division of the process of road

accident rate formation into the blocks of the cause-and-effect

chain, determination of the significance level of each of the

blocks, and quantitative assessment of relative entropy Hn RSS

of the researched process. In summary, it is necessary to point out

that the concept of system orderliness can be an indicator of a

city’s metabolism (Ulgiati and Zucaro, 2019).

2 Data and method

2.1 Method

The method of a quantitative assessment of relative entropy

Hn RSS of the road accident rate formation process was developed

in 2017 by the authors from Tyumen Industrial University and is

presented in (Kolesov and Petrov, 2017). The most complete

current state (2022) of research on that issue is presented in

(Petrov, 2022).

To specify the methodology of the assessment of the

orderliness of the road accident rate formation process, we

present it in the view of the formulated stages.

The methodology consists in the sequential implementation

of the following operations:

1) The determination of the values of transitional coefficients

Ki (exactly KRA; KV; KD) between the blocks of the cause-

and-effect chain of the road accident rate formation

process [Population (P)—the number of road accidents

(NRA)—the number of victims (NV)—the number of

deaths (ND)].

2) The determination of the positive value of the individual

blocks of the road accident rate formationQi. Partial positives

Qi of individual blocks of the studied process are connected

with the transitional coefficient Ki of the cause-and-effect

chain by relation (1).

Qi � ln(1/Ki)if Ki < 1 orQi � ln(Ki) if Ki > 1. (1)

3) The determination of the common positive Q by Formula 2.

Q � ln(1/KHR) � ln(1/KRA) + ​ ln(KV) + ln(1/KD)
� QRA + QV + QD, (2)

where KHR–the end-to-end path transmission factor KHR = ND/P;

QRA � ln(1/KRA)—the share of the process positively

attributed to the link “the number of road accidents”;

QD � ln(Kv)—the share of the process positively attributed to

the link “the number of victims”;

QD � ln(1/KD)—share of the process positively attributed to

the link “the number of deaths”.

4) The determination of the contribution wi of each block of the

process Ki into the common positive Q by Formula 3.

wi � Qi

∑
3

i�1
Qi

� Qi

[ln(1/KRA) + ln(KV) + ln(1/KD)]. (3)

5) The physical meaning of wi is the determination of weight or

significance of an individual block of the cause-and-effect

chain in the total result.

6) The determination of the values [ln (wi)].
7) The determination of the values [wi·ln (wi)].
8) The calculation of the values of the informational entropy

HRSS of Shannon (1948) by the classic Formula 4.

HRSS � −∑
n

i�1
(wi · lnwi), (4)

where n—the number of transfer links in the formation of a road

accident rate (in our case n = 3);

ωi—the coefficients of significance or “weight” of each link in

the formation of a road accident rate that meet the rate setting

condition ∑
n

i�1
ωi � 1.
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9) The calculation of the values of the C. Shannon relative

entropy Hn RSS by Formula 5.

Hn RSS � H/Hmax � H/ln(n) � H/ ln(3). (5)

2.2 Data collection

For the identification of quantitative values of indicators, by

characterizing blocks of the cause-and-effect chain [Population

(P)—the number of road accidents (NRA)—the number of victims

(NV)—the number of deaths (ND)], the information from the

sources (Road Safety profiles subjects of the Russian Federation,

2021) has been collected. Analysis was performed for the five

datasets. The research results are presented in Section 3.

3 Research results

The results of the analysis ranges of relative entropyHn RSS of

the road accident rate formation process are presented as follows:

- All cities (211 cases) with the population more than

50 thousand people [Hn RSS = (0,351; 0,709)].

- Cities (15 cases) with the population more than 1 million

people [Hn RSS = (0,596; 0,682)].

- Cities (23 cases) with the population ranging from 500 to

1,000 thousand people [Hn RSS = (0,581; 0,709)].

- Cities (110 cases) with the population ranging from 100 to

500 thousand people [Hn RSS = (0,351; 0,655)].

- Cities (63 cases) with the population ranging from 50 to

100 thousand people [Hn RSS = (0,416; 0,697)].

FIGURE 1
Empirical distributions of quantitative values of relative entropyHn RSS for urban road safety provision systems (Russia, 2021). (A) All Russian cities
with the population more than 50 thousand people; (B) Russian cities with the population ranging from 500 to 1000 thousand people; (C). Russian
cities with the population ranging from 100 to 500 thousand people; (D) Russian cities with the population ranging from 50 to 100 thousand people.
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Empirical distributions of quantitative values of relative

entropy Hn RSS for Russian urban road safety provision

systems are presented in Figure 1.

4 Discussion

Based on the research results, we can formulate three

conclusions.

First, the range of values (2021) of relative entropy Hn RSS of

the road accident rate formation process in Russian cities is quite

wide. Hn RSS 2021 = (0,351; 0,709).

Second, the distribution of Hn RSS values is an example of the

Weibull distribution, i.e., the expected valueM (Hn RSS) is shifted

to the right in comparison to the Gaussian distribution. It allows

us to say that in several cities, there is a specific and unordinary

system for most Russian cities’ road safety provision

environment. The reasons for that exclusiveness should be

determined by special methods.

Third, the expected value M (Hn RSS) decreases as the city’s

population decreases. Thus, for Russian millionaire cities,M (Hn

RSS 2021) = 0,6852; for cities with the population

500–1,000 thousand people, M (Hn RSS 2021) = 0,6763; for

cities with the population 100–500 thousand people, M (Hn

RSS 2021) = 0,6492; and for cities with the population

50–100 thousand people, M(Hn RSS 2021) = 0,6248.

It can be explained by the fact that in the biggest cities of the

country, there are strict conditions for transport flow regulation,

and multi-phase systems are used for the regulation of transport

and pedestrian flows. In millionaire cities, the quality of life is

higher, and this means a more qualitative vehicle park. The

participants of road traffic in millionaire cities are qualified

enough and motivated to follow the traffic code. Road safety

provision systems in the biggest Russian cities can be

characterized as maximally undetermined from the perspective

of evaluation of the probability of death of people (its entropic

orderliness is relatively low). Conversely, the road safety

provision system of small Russian cities (population up to

100 thousand people) can be characterized as maximally

determined from the perspective of the probability of death of

people (its entropic orderliness is relatively high).

It is not surprising that the minimal value of Hn RSS 2021 =

0,351 belongs to the road safety provision system of

Novoshakhtinsk [this monocity is declared as the worst

Russian city among cities with a population from

100 thousand to 250 thousand people, according to the Index

of urban environment quality (The Urban Environment Quality

Index is a tool for assessing the quality of the material urban

environment and the conditions for its formation, 2021)].

Conversely, the maximal value Hn = 0,709 351 belongs to the

road safety provision system of Tyumen (the best Russian city

among cities with a population from 250 thousand to

1,000 thousand people, according to the Index of urban

environment quality (The Urban Environment Quality Index

is a tool for assessing the quality of the material urban

environment and the conditions for its formation, 2021).

5 Conclusion

In conclusion, we should note that the lower the entropic

orderliness of the road accident rate formation process, the higher

is the quality of the road safety provision system. The method of

quantitative evaluation of relative entropyHn RSS of the road accident

rate formation process may be quite useful for the Main Directorate

for the Traffic Safety of theMinistry of Internal Affairs of Russia. It is

a tool for the management of the quality of road safety provision

systems in the country’s cities (Bliss and Breen, 2012). Today, these

problems are being solved by evaluation and comparative analysis of

the values of relative indicators such as human risk (HR) and

transport risk (TR) (Wilde, 1994). These indicators, suggested by

Smeed (1949) 70 years ago, are not perfect [G. J. S. Wilde, 2013]. For

example, human risk (HR) connects the output parameter [The

number of deaths (ND)] with the first block of the chain [Population

(P)] without evaluation of internal processes. Transport risk (TR)

connects the output parameter [The number of deaths (ND)] with the

second block of the chain [The number of vehicles (NVh)] (Blinkin and

Reshetova, 2013). Relative entropyHn RSS characterizes the process of

road accident rate formation comprehensively, taking into account

every transition from block to block in the cause-and-effect chain.

This is why the relative entropy of Hn RSS is an indicator that

determines the quality of the entire road safety system.
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