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Abstract: The article considers the main forecast indicators of urban, economic and
social development. The forecast indicators of transport demand, development of road and
road network, organization and safety of road transport, as well as the negative impact of
transport and its infrastructure on the environment are briefly presented.
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Transport demand forecasting is an important tool for planning and optimizing
the transport system. It can be used to determine future demand for transport services and
to identify the need for additional vehicles, routes or infrastructure changes.
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— predictive analysis can be based on a variety of techniques, including statistical
models (e.g. ARIMA, SARIMA, Holt-Winters and others), machine learning (e.g. neural
networks, decision trees, random forest, etc.), expert judgement and historical data.

— the key steps in predictive travel demand analysis include

— data collection and processing: collecting data on current transport demand and its
structure, as well as historical data on demand dynamics.

— predictive model building: selecting and building an appropriate predictive model
based on available data and expert judgement.

— model validation: assessing the accuracy and reliability of the forecasting model
using various validation methods such as cross-validation, hold-out and others.

— extrapolation of results: using the model to forecast future transport demand under
different scenarios and assumptions.

Forecasting the indicators of urban planning, economic and social development,
indicators of transport demand, development of the road and road network, organisation
and safety of road transport, as well as the negative impact of transport and its
infrastructure on the environment, it is necessary to individualise each indicator based not
only on the analysis of the current state of the transport system of VVoronezh, but also on
the indicators of transport work of previous years. [1, 6, 7]

Urban development is assessed by such indicators as density of construction,
number of storeys of buildings, presence and condition of green areas, transport
accessibility, level of landscaping. Economic development is determined by the volume of
production, the level of employment, the income of the population, the attractiveness of
investment. Social development is characterised by the level of education, health care,
culture and quality of life of the population.

Indicators of transport demand may include the number of cars, motorcycles, buses,
taxis and other modes of transport on the roads, and the volume of freight and passenger
traffic. Road and road network development is assessed by road length, road network
density, availability of interchanges, bridges, tunnels and other infrastructure. Traffic
organisation includes analysis of traffic lights, traffic management at junctions, availability
of pedestrian crossings and road safety is assessed by the number of accidents, deaths and
injuries on the roads.



One of the indicators of the negative impact of transport on the environment is the
emission of pollutants into the atmosphere, such as carbon dioxide, nitrogen oxides,
hydrocarbons and particulate matter. Noise pollution, waste generation and water pollution
are also taken into account.

According to the plan for the development of the Voronezh conurbation, the
permanent population is expected to grow to 1300000 people, which is 17,6% higher than
the current figure, and the number of employees to 600000 people, which is 17% higher
than the current figure. [5]

According to the grid of settlement areas grouped into conditional transport zones,
the forecast values of the population settlement indicators, the location of the population
gravity points, the presence of gravity points for the agglomeration as a whole and the
average settlement radii are determined.

The calculation and analysis of population distribution in an urban agglomeration
includes the study of population density, the distribution of population across the
agglomeration, and the study of the relationship between population density and the
location of various facilities (such as shopping centres, parks, schools, hospitals, etc.).
Spatial analysis may involve the use of various methods such as cartographic analysis,
statistical analysis, modelling and others. The purpose of such analyses is to determine the
optimal locations for new infrastructure, businesses, residential areas and other facilities to
provide convenience and comfort to the residents of the agglomeration. Calculations and
analyses have shown that: [5]

— the average settlement radius of the population in relation to the city centre will
increase slightly due to the development of peripheral areas and will be about 6,8 km,
which is 10% higher than the existing value of 6,2 km. The settlement radius of workers
will be in the order of 5,8 km, which is 5% less than the existing 6,1 km. However, the
urban activity zone is concentrated in the central, middle and partly peripheral areas of the
agglomeration, not exceeding about 6,8 km®. This is where 92% of the population and
94% of the places where the workforce is concentrated will be.

— with equal population growth in all zones of the city, the largest part of

Voronezh's population — 84% of the total population — will live in the periphery — 52%



(about 640600 people) and in the centre — 32% (about 398400 people) of the city. About
8% will live in the most remote areas.

— the majority of jobs — 78% of the total number of employees, as at present - will
be located in the central — 37% and peripheral — 41% zones of the city, 15% of the centres
of gravity will be located in the centre and about 7% — in the remote periphery.

The distribution of population and number of jobs by estimated transport areas and
ring transport areas is presented in Table 1.

Table 1 — Forecast indicators of the VVoronezh agglomeration

Indicators Existing situation
Population, total, thousand people:
Including by zones 1233,6 / 100%
— central 90,8/ 7%
—middle 398,41 32%
— peripheral 640,6 / 52%
— remote periphery 103,8 /9%

Number of employees, total, thousand people:

Including by zones 576,5/100%
— central 88,8 /16%
— middle 213,0/37%
— peripheral 237,41 41%
— remote periphery 37,31 6%
Radius of population settlement relative to the city centre, km 6,8
Radius of gravity points location relative to the city centre, km 5,8

The assessment of the supply of jobs in the city in the wards over the period shows
that the city continues to have a deficit of about 165000 jobs (about 21% of the total
working age population), while the central, southern and south-eastern parts of the
agglomeration continue to have a surplus of jobs (compared to the residential areas in the
north-west). As a result, commuter flows for work purposes will be mainly in the direction
north-west — centre — south-east).

In the radius of 6,5-7 km there will be an active urban area, which will carry the

main traffic load, as it is now (about 6,7 km.), where 92% of the population lives (52%



(about 640600 people) in the radius of 6,5-7 km), 32% (about 398400 people) in the
peripheral areas, 41% (about 237400 people) in the peripheral areas, 16% (about 88800
people) in the central areas of the agglomeration.

The directions of the main passenger flows in the VVoronezh agglomeration will be
centripetal, mainly along the north-west — centre — south-east axis, which is determined by
the planned settlement of the population and the population centres.

The directions of pendular migration (movement of people from one settlement to
another, to work or study, and back home during the day or week), formed in the peak
periods by work trips, are determined by the existing surplus of gravity points in the
central, southern and south-eastern parts of the city, and the lack of gravity points in
residential areas located in the western, north-western and northern sectors of the city,
which determines the main vector of population trips to gravity points.

Forecast indicators have shown that the most probable values of the motorisation
rate of the population in the Voronezh agglomeration by 2035 will be 400 units per 1000
inhabitants. Due to the poor quality of the existing passenger transport system, the average
annual number of passengers tends to decrease, but the data of the sociological survey
show that there is a high probability of a redistribution of demand from individual
transport to public transport if a new system of public transport is introduced in the city
and changes are made to improve the quality of public transport services. It is estimated
that the introduction of the new system can increase the volume of public transport by up
to 23%.

The development of external connections is determined by the existing urban
planning solutions and socio-economic burden. [1-4] Thus, the development of transport
infrastructure solutions for the VVoronezh agglomeration takes into account proposals for
road construction solutions on Antonov-Ovseenko, Tverskaya, 9 Yanvar, and Moskovsky
Streets, as well as in the area of Otradnensky and Yamensky rural settlements.

Due to the development of external transport links, the road network is expected to
grow (Table 2).

Table 2 — Main forecast indicators for the development of the road network in the

Voronezh agglomeration



Indicators 2019 year | 2035 year

Length of street and road network, km. 1454,38 | 1563,64
Transport network density, km/km? 2,4 2,6
Share of the length of public motorways of local significance that meet 54,5 100

regulatory requirements, %

Total length of all routes, km 2859,575 | 2379,048

By 2035 the most probable values of the level of motorisation of the population of
the Voronezh conurbation will be 400 units. per 1000 inhabitants, and the projected
population will be 1138460 people. (according to the average variant). Based on the
expected level of motorisation of the population and its number by 2035, we can calculate
the forecast value of the number of vehicles in the VVoronezh area. The forecast is that
there will be 455384 vehicles.

In the transport model of the VVoronezh agglomeration the parameters of road traffic
for the forecast periods are calculated, which are shown in Table 3, and the forecast of
road safety indicators is shown in Table 4. [8]

Table 3 — The main forecast values of road transport parameters for the future until
2035 in the city of Voronezh (I — zero scenario, Il — pessimistic, Il — average, IV —

optimistic).

Variant I I I | IV | Average, taking
into account the
development of the

mass transport

system
Average time of realisation of transport correspondences, 69 | 45 | 43 | 40 38
min (actual/forecast. Individual transport and public
transport, rush hour)
Level of utilisation of the street and road network, % 79 | 59 | 57 | 54 52
Share of movements by public transport (including 06| 06 |06 |06 0,72
walking, cycling, scooters, etc.)
Share of movements by private transport 04| 04 ({0404 0,28

Average trip length by all modes of transport, km 35| 30 | 28 | 27 27




It is planned to increase the required level of traffic organisation and safety on the
streets and road network of the VVoronezh conurbation by implementing measures to equip
unregulated pedestrian crossings with additional lighting, artificial road bumps, additional
traffic lights, additional traffic signs with internal lighting (or LED display), and other
technical elements to improve traffic organisation and safety. It is also necessary to plan

the introduction of an adaptive system for regulating traffic organisation.

Table 4 — Main forecast values of traffic safety in the VVoronezh area

I{eneBbie moKaszarenu 2018 2024 year | 2030 year
year
Number of road accidents 26335 15989 12321
Social risk from road traffic accidents, fatalities per 200000 6,11 less than | less than
population 4 4

In order to reduce environmental risks and improve the urban environment, it is
necessary to relieve the main traffic arteries. It is necessary to create a more effective
protection of the population from industrial and transport impacts and to expand the
system of intra-district landscaping. Located at the crossroads of the main transport
corridors, the VVoronezh agglomeration will become an even bigger transport hub of the
Central Black Earth Zone and one of the most important in the entire European part of the
Russian Federation. The development of the city transport system will lead to a significant
increase in the length of the main road network and its density. [1-4, 8]

At the same time, it is obvious that radical improvement of the air quality can be
achieved only with radical changes in the transport system, reduction of freight traffic
within the city limits, construction of high-speed urban transport. The solution of the set
tasks will make it possible to minimise the reduction of toxicity of exhaust gases from car
engines, to develop and implement a set of organisational and technical measures aimed at
reducing emissions into the environment, including stricter control over the technical

condition of vehicles, toxicity.




References

1. Vaksman, S. A. Problems of development and organization of functioning of
transport systems of cities // Socio-economic problems of development of transport
systems of cities and areas of their influence: materials of the VIII International Scientific
and Practical Conference. — Ekaterinburg: AMB. 2002. — Pp. 10-15.

2. On the organization of road traffic in the Russian Federation and on amending
certain legislative acts of the Russian Federation : Feder. Law from 29.12.2017 Ne 443-FZ
ed. from 15.04.2019 // Reference legal system «ConsultantPlus». — Mode of access:
http://www.consultant.ru.

3. Gonchar, M. P. Role and effectiveness of the complex scheme of traffic
organization when introduced into the existing traffic organization / M. P. Gonchar //
Young Scientist. — 2020. — Ne 22(312). — Pp. 583-585.

4. On approval of the Rules for the preparation of documentation on the
organization of road traffic [Electronic resource]: Order of the Ministry of Transport of
Russia from 26.12.2018 Ne 480 // Reference legal system «ConsultantPlusy. — Mode of
access: http://www.consultant.ru.

5. On approval of the Comprehensive scheme of traffic organization of the urban
district of the city of Voronezh : resolution of the administration of the urban district of the
city of Voronezh from April 12, 2022 Ne 325 // Electronic fund of legal and regulatory-
technical documents. — Access mode: https://docs.cntd.ru/document/406160660

6. Shtepa, A. A. Actualization of the issues of the transport system of VVoronezh / A.
A. Shtepa // Prospects of development and major issues in science : Proceedings of the
National Scientific and Practical Conference, VVoronezh, March 15, 2023 / Editor-in-Chief
V.A. Zelikov. — Voronezh: Voronezh State Forest Engineering University named after
G.F. Morozov, 2023. — Pp. 42-47.

7. Shtepa, A. A. Transport and socio-economic characteristics of the urban
agglomeration of VVoronezh / A. A. Shtepa // Actual issues and prospects of development
of modern science : Proceedings of the National Scientific and Practical Conference,
Voronezh, March 15, 2022 / Editor-in-Chief V.A. Zelikov. — VVoronezh: VVoronezh State
Forest Engineering University named after G.F. Morozov, 2022. — Pp. 76-83.

8. Yakimov, M. R. Analysis of the influence of different scenarios of development
of the transport system of a large city on the possible variants of violation of the integrity
of the urban structure // Vestnik Transport Povolzhye. — 2011. — Nel (25). — Pp. 18-24.

Cnucoxk nurepaTypbl

1. Bakcman, C. A. IlpoGnembl pa3BuUTHUS U OpraHuzaiuu (HyHKIMOHUPOBAHUS
TpaHcnopTHbIX cucreM ropoaoB / C. A. Bakxcman // CouuallbHO-?KOHOMHYECKUE
MpoOJIeMBbl PA3BUTHS TPAHCIIOPTHBIX CUCTEM TOPOJOB M 30H HMX BIUSHUSA: MaTepUaibl
VIl Mexnaynap. Hayd.-tipakT.koH(pepeniuu. — EkarepunOypr : AMB, 2002. — C. 10-15.

2. O0 opranuzanuu J0poXKHOTO ABMKeHUS B Poccuiickoit denepanuu 1 0 BHECEHUHU
M3MEHEHUHU B OTIEJIbHBIC 3aKOHOIATENbHBIE aKThl Poccuiickon Denepannu : Penep. 3aK0H
ot 29.12.2017 No 443-®3 B pen. or 15.04.2019 // CnpaBouHo-TipaBOBasi cHCTEMa
«Koncynprantllnrocy. — Pexxum poctyma: http://www.consultant.ru.



3. Tonuap, M. II. Poap u 3h(deKTUBHOCTh KOMILJIEKCHOM CXEMbI OpraHH3aliH
JOPOXKHOTO JBMKEHUSI TPU BHEJIPEHUU B CYIICCTBYIONIYIO OPTraHHU3aIUIO0 JOPOKHOTO
newkenus / M. I1. Tonuap // Mononoit yuensrii. — 2020. — Ne 22 (312). — C. 583-585.

4. O6 yrBepxnaenud IIpaBuin TOATOTOBKM JOKYMEHTAIMUM 110 OpraHU3aliu
noposkaoro nprokenwus : [Ipuka3z Muntpanca Poccuu ot 26.12.2018 Ne 480 // CipaBouHO-
npaBoBas cuctema «Koncynerantllimtoc». — Pexxum noctyna: http://www.consultant.ru.

5. O6 yrBepxaeHnn KomriekcHOM cXeMbl OpraHU3allud JIOPOKHOTO JBUKCHUS
rOpPOJICKOr0 OKpyra ropoj BopoHexX : NOCTaHOBIEHWE AaJIMHHHCTPALUA TOPOJCKOIrO
okpyra ropoa Boponex ot 12 anpenst 2022 r. Ne 325 // DnextpoHHbIi (oH] MPaBOBBIX U
HOpMAaTHUBHO-TEXHMYECKUX  gokymentoB. — URL: https://docs.cntd.ru/document/
406160660.

6. llrema, A. A. AxTyanu3aiusi BOIPOCOB TPAHCIOPTHOUW cuctembl Boponexa /
A. A. lrena // [lepcieKTUBBI pa3BUTHS U BakKHEHIIHE MPOOJEMbl HAYKH : MaTepUaIb
Bcepoc. nayu.-nipakt. koHpepenuuu, Boponex, 15 mapta 2023 r. / . pea. B.A. 3enukos.
— Boponex, 2023. — C. 42-47.

7. Wrena, A. A. TpaHCIIOPTHBIE U COLMAIBHO-KOHOMHUYECKUE XaPAKTEPUCTUKH
ropoackoil armomepanuun Boponexa / A. A. lllrema // AxTyanbHblE BOIIPOCHI U
MEPCIIEKTUBBl PA3BUTHS COBPEMEHHOM HayKdM : MaTepuansl Bcepoc. Hayd.-TIpakT.
koH(pepennuu, Boponex, 15 mapta 2022 1. / Ti1. pea. B. A. 3enukoB. — Boponex, 2022. —
C. 76-83.

8. AxumoB, M. P. AHam3 BIUSHUS pa3INIHBIX CIICHAPUEB PA3BUTHS TPAHCTIOPTHOM
CUCTEMBbI KPYIHOIO TOpOJAa Ha BO3MOXHBIE BapUaHThl HAPYIICHUS LIEITOCTHOCTU

ropoackoi cTpyktypbl / M. P. SIkumoB // Bectauk tpancmopra IloBommkps. — 2011, —
Ne 1 (25). - C. 18-24.



