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ABSTRACT
The article discusses the process of 

planning the work of urban transport operations 
in the form of an integrated transport scheme 
(ITS), which is the transport part of the master 
plan for development of a city, and studies 
organization of urban transport. The objective 
of the article is to formulate the main directions 
of developments in the field of transport 
planning based on modern domestic and 
foreign experience and knowledge, and on 
retrospective analysis of changes in the field of 
urban transport planning.

The methodology is presented for the 
conditions prevailing in the Russian Federation, 

the peculiarity of which comprise a relatively 
late (compared to European countries and 
the USA), but rapidly developing motorization 
of the country, a change in qualifications of 
specialists working in the field of urban 
transport planning, a certain loss of experience 
and skills in development of ITS in recent 
years.

The suggested conclusions represent a 
brief description of the concept of a common 
toolkit, a scheme and the most promising 
methods for developing approaches to 
development of integrated transport schemes 
and require further in-depth research in each 
specific segment. 
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Background. Retrospective analysis.
Problems of ensuring urban transport traffic 

have always been and are now a consequence 
of inconsistency of urban routes with the level 
of urban transport development and needs. 
Residents have always moved within settlements 
(for personal and business purposes). With 
spatial development of settlements, travel time 
and amount of goods transported increased, 
which resulted in emergence and development 
of transport (personal horse, horse carts, etc.). 
The transport once emerged, immediately 
demanded more perfect routes. Gradually, a 
network of streets emerged, along which 
vehicles and pedestrians moved. The growth in 
the number and technical perfection of vehicles 
was accompanied by development of transport 
infrastructure, of network of roads and streets, 
and of their technical improvement.

Domestic transport experts [1–6] divide the 
entire period of urban development (global 
process) into several stages:

1. Urban transport is represented by carts. 
Streets have a narrow carriageway with a 
wooden or cobblestone pavement for transport 
vehicles, and without strengthening the 
carriageway for all the others.

2. Emergence of rail tracks (with horse-
drawn traction at the beginning (1853–1854)), 
then of electrified rail tracks (1881) is witnessed. 
The streets are narrow, of old construction. The 
first signs of a transport crisis appeared.

3. There is the emergence of off-street 
transport and off-street connecting lines 
(metro: 1863  – ​London, 1885  – ​New York, 
1892 – ​Chicago, 1935 – ​Moscow).

4. There is the decisive reconstruction of 
street-road and off-street transport network: 
reconstruction of streets with a change in their 
geometric parameters, transport profiling of 
streets, mass construction of transport 
intersections at different levels, unification of 
urban and suburban transportation routes into 
a single transport system (currently).

In all cases, the reason for transition from 
the previous stage of the state of the urban 
environment to the next one was linked to 
oversaturation of settlements with vehicles and 
occurrence of difficulties in the traffic. At the 
same time, the system of ensuring traffic of 
ground (street) transport (including pedestrian 
flows as a type of urban traffic) was developing 
and becoming more complex. The development 
of transportation routes and the system of 

organizing road traffic is constantly lagging 
behind development of urban transport, which 
requires periodically bringing them into line 
with each other.

In Russia, the issues of better urban 
transport organization are solved through 
development of an integrated transport 
scheme (ITS) of the city, traditionally focused 
on public passenger transport (street transport, 
assisted in cities with metro, by underground 
transport).

In Russia, from the outset, an integrated 
transport scheme was an integral part of the 
master urban development plan. True, it was 
developed after development of the master 
plan, and urban transport did not actually affect 
the urban planning. Since the intervals between 
development of new master plans were rather 
long, and due to the progress in urban transport, 
and the difficulties of forecasting for a long 
time, it was necessary to consider the prospects 
for transport development for shorter periods 
of time. Therefore, development of integrated 
transport schemes is inherently the most 
important ongoing urban planning task. In the 
late 1990s (during the famous transition period 
in Russia), the complex transport scheme was 
for a short time excluded from the master plan 
of urban development, and that coincided with 
the beginning of rapid motorization of the 
country. Very soon, especially in large cities, 
acute transport problems declared themselves 
loudly, and that required resumption of 
development of integrated transport schemes. 
Currently, such schemes are being massively 
developed not only in cities, but also in rural 
areas 1.

However, the «period of perestroika» did 
not pass unnoticed for urban construction. The 
experience and knowledge of development of 
such schemes has been largely lost, and that 
happened against the background of a sharp 
(of «explosive» type) growth of urban transport, 
increase in the number of vehicles, technical 
advancement, an increase in transport mobility 
of the population, a slowdown in reconstruction 
of the street-road network, emergence of a 
number of socio-economic changes, changes 
in acquired qualifications of customers and 
developers of integrated transport schemes, 

1 That concept is sometimes used locally in several 
countries, e.g., https://trimis.ec.europa.eu/project/
integrated-transport-scheme-rural-area-gloucestershire-
hospital-transport-scheme. – ​Ed. note.
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mass digitalization of techniques of urban and 
transport design.

From 1992 to the present, the transport 
environment in Russia has radically changed 
in cities, urban agglomerations and, radically, 
in rural areas. Settlements have changed (they 
have grown, have been enlarged), and urban 
a g g l om e r a t i o n s  h a ve  e m e r g e d .  T h e 
motorization of population has led to 
formation of huge car fleets in cities (up  to 
many millions and hundreds of thousands of 
cars in cities and city agglomerations). As a 
result, intensive traffic flows appeared in the 
city streets and roads (up to tens and hundreds 
of thousands of cars per day). The traffic 
conditions for urban transport have changed 
accordingly. The predominant place on streets 
and city roads was taken by cars, displacing 
public transport. Speed has decreased and the 
traffic process has become more complicated. 
At the same time, due to the large number of 
private cars, the growth of urban areas, 
relocation and division of industrial enterprises 
and organizations, the range of travel of 
residents has increased. Cars, in addition to 
places for movement, demanded places for 
parking (short-term) and storage (long-term). 
In cities, an acute problem of car parking has 
arisen. As a result, streets, roads, courtyards 
were overflown with parked and moving 
vehicles, often obstructing movement of other 
vehicles.  In this  aspect,  i t  should be 
remembered that any volume has a capacity 
limit. Do not fill a liter bottle with more than 
one litre of liquid. The globe also represents a 
specific capacity. It has long been determined 
that the resources («capacity») of the globe 
are quite limited, and it can feed (thus 
supporting the existence) of only a certain 
number of people (somewhere no more than 
12 billion) [7]. This concerns the cities as well. 
Their territory is constantly extending due to 
the increase in the number of inhabitants. But 
now it is quite difficult to expand the territory 
of the city. There are no vacant lands. Russian 
cities generally grow upward. In 1968, the area 
of the territory of Moscow was only 875 km2 
with population of about 7 million people, in 
2019 it was of 2562 km2 with population of 
12,62 million people. The population density 
was 8000 people/km2 in 1968 [8], and in 2020 
it was of 4980 people/km2 [9]. But this is the 
density averaged over the city. In the center of 
Moscow, the density remained no less than in 

1968. The increase in area did not lead to a 
decrease in the population density of the 
traditional territory of the city, but to development 
of a specific huge agglomeration. We use the word 
«specific» since usually urban agglomerations are 
formed spontaneously around the entire city, 
through formation, development and gradual 
merger of suburban cities and towns. Its geometric 
shape is usually predefined by local natural 
conditions (rivers, lakes, mountains, etc.). The 
modern Moscow urban agglomeration is artificial, 
not so connected with development of Moscow 
suburbs.

A simple calculation shows that at present 
in Moscow almost each family has one or two 
cars (rounded up calculation shows that with 
population of 12,5 million people and the 
average number of people in a family of 3–4 
persons, the evaluated number of families will 
be about 4,17–3,12 million; and the number 
of cars registered in the city is more than 4,5 
million) [9; 10]. And their number grows 
annually by several hundred thousand. There 
was a problem where to store them. The 
overwhelming majority of the «active» vehicle 
fleet operates only during peak hours. Cars, 
parked and moving, already occupy the 
roadway so much that it becomes impossible to 
drive along many streets. This speaks of 
overcrowding of the city with cars. In this 
regard, it is timely to raise the question of 
assessing the car capacity of the city and its 
street-road network. Cars are needed, i.e., they 
should be, they should be driving, i.e. to meet 
the needs of townspeople, to provide 
convenience of life. However, to continue to 
meet that challenge in the future, it is time to 
assess the permissible limits of filling urban 
areas  – ​streets, roads, squares, courtyards  – ​
with cars, considering environmental damage. 
The level of air pollution from road transport 
is well known (it is extremely high). The impact 
of vehicles on the noise level in the city is great. 
There is also soil pollution with fuel, oils, wear 
products of car parts. But there is a limit to 
everything. Time has come to evaluate it and 
recommend to the administrations of 
settlements certain guidelines and methods of 
managing the process of motorization. The 
practices of the our life have shown that both 
market relations and the process of accumulating 
cars in cities require regulation to ensure 
favorable living conditions for inhabitants of 
the settlement.
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In recent decades, man-made threats to 
residents of settlements (of  all sizes) have 
sharply increased in the form of a high road 
traf f ic  accident  rate,  an increase in 
environmental pollution with urban transport 
waste (exhaust gases, vehicle wear products, 
etc.). Threats of a natural and man-made 
nature have become more serious and large-
scale: natural and man-made fires and air 
pollution, flooding of the territory of settlements 
(as  a result of flooding by atmospheric 
precipitation, during floods) and other natural 
disasters (dust storms, tornadoes, etc.). 
Catastrophic situations require the rescue of 
residents through rapid evacuation (as, for 
example, it is done in the USA and in a number 
of other countries).

The administrative and technical conditions 
for development of integrated transport 
schemes have also changed. The qualifications 
of customers of such schemes and of the corps 
of their developers have changed: in both cases, 
the number of qualified specialists in the field 
of urban planning and urban transport has 
sharply decreased (up to the disappearance), 
as part of city administrations, that are 
customers of integrated transport schemes, and 
as part of contractor organizations, that are 
scheme developers. In Russia, before the 
perestroika period, there was a network of 
urban planning des ign and research 
organizations that comprised design institutes 
(Central research and design institute of urban 
development and Urban design institute, 
Giprogor, in Moscow, Lengiprogor in 
Leningrad), urban planning departments in 
Moscow (Moscow State Construction Institute 
(MISI), Moscow State Institute of Architecture 
(MARKHI)), Leningrad (LISI), Omsk, 
Rostov-on-Don, and other cities’ universities, 
which had got a huge potential of highly 
professional specialists in urban planning and 
transport. During the years of «perestroika» 
there was a change in the range of organizations 
who had usually been contractors, and the loss, 
if not of all, but then of the overwhelming part 
of the corps of specialists of transport urban 
planning profile. The digitalization of the 
project and design process (absolutely necessary 
for technical reasons) has led to massive 
emergence of a large number of fairly competent 
programmers in newly born enterprises, who, 
however, do not possess urban planning and 
transport knowledge. This consequently 

resulted in refocusing of transport solutions on 
their digitalization at the expense of practical 
urban planning and transport solutions.

The development and improvement of the 
legal framework in Russia have resulted in a ban 
on collection of certain types of information 
on transport correspondence, necessary and 
essential for development of integrated 
transport schemes. If earlier it had been 
possible to obtain data on the places of 
residence of employees of enterprises and 
institutions (e.g., on the locations of the points 
of departure of passengers of public transport), 
and from these data it was possible to reliably 
map job transport correspondences, now the 
law on personal data protection prohibits 
collecting that information. Unfortunately, a 
new system for collecting data on transport and 
pedestrian mobility of urban residents has not 
been created in Russia. Besides, a lot of very 
small enterprises have appeared, which 
together form significant passenger flows 
(pedestrians, public and private road transport). 
In the USA, every ten years, anonymized 
demographic surveys of population are 
conducted in the form of censuses, while 
participation for citizens is mandatory. The list 
of collected information includes questions 
about transport and pedestrian mobility. The 
collected and processed impersonal information 
can be freely used in development of transport 
service schemes [11].

Modern tasks
Despite all the changes that have taken 

place in Russia, the goal and objectives of 
developing integrated transport schemes have 
not only been fully preserved but expanded. 
The goal, in the light of development of cities 
convenient for life, is to increase the level of 
transport-friendly life (comfortable conditions 
for mobility), comprising work and recreation 
of residents of settlements, technogenic safety 
of the population, favourable conditions for 
development of all types of economies in 
settlements. On the whole, the tasks have been 
preserved, but have expanded, now they include 
establishment of a graph of transport 
correspondence in passenger and freight road 
transport; development of options for 
distribution of passenger, car and pedestrian 
flows along the street-road network and the 
choice of the optimal one; development of 
principles for optimal organization of vehicle 
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traffic and pedestrian motion at the most 
important transport hubs; development of a set 
of engineering measures to bring the road 
network in compliance with the requirements 
of convenience and safety of transport and 
pedestrian traffic. The formation of transport 
and pedestrian correspondence allows extensive 
mathematical modelling on a city scale 
(macromodelling) and on a scale of individual 
transport hubs (micromodelling), using of 
software for collection and processing of initial 
data.

The changes that have taken place in Russia 
have necessitated the inclusion of new transport 
solutions in the integrated transport scheme, a 
partial reorientation of traditional developments 
towards assessing city car capacity, requirement 
to assess the possibility of ensuring emergency 
evacuation of population under the conditions 
of man-made and other disasters. The issue of 
emergency evacuation of residents of 
settlements by road has not received much 
attention before.

Results.
The foregoing makes it possible to formulate 

the main trends in development and 
improvement of integrated transport schemes 
of cities in the interests of making cities 
convenient for life, to develop the contents of 
ITS of traffic management, integrating the 

classic Russian experience and modern 
requirements, methods, and tools of planning.

Maintaining traditional issues:
• analysis of the street-road network of the 

considered urban entity;
• analysis of the existing scheme and route 

system of urban public transport by mode;
• analysis of existing car flows and car 

parking systems (using mathematical [12–28] 
and physical [29–35] modelling);

• bringing the transport scheme of urban land 
public transport and its route system in line with 
the graph of job transport correspondence of 
population;

• analysis of pedestrian routes and pedestrian 
flows;

• analysis of the car parking system.
Development of new issues:
• use of mathematical modelling for optimal 

distribution of job correspondence referring to 
public and private road transport, cargo 
transportation on the existing street-road 
network of the city;

• development of principles for optimal 
organization of traffic and pedestrian motion 
at transport hubs and city streets;

• assessment of car capacity of the city, 
based on the conditions for ensuring safe traffic, 
short-term and long-term storage of cars, 
assessment of the acceptable number of the city 
car fleet under these conditions;

Integrated transport scheme. [Electronic resource]: http://900igr.net/up/datai/223319/0008-006.jpg.

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 120–133 (2020)

Nemchinov, Mikhail V., Kholin, Alexander S. Trends in Development of Integrated Transport Schemes 
for Cities



132

• 

• assessment of car capacity of storage 
areas: garages, yard and street parking lots, 
car storage areas;

• selection of the optimal mode of car 
movement along the network of city streets 
(using different criteria: travel speed, volumes 
of harmful emissions, etc.);

• assessment of the level of environmental 
impact of road transport on the environmental 
situation in the city according to the implemented 
option of traffic organization;

• assessment, organization and engineering 
equipment of pedestrian paths (sidewalks 
and paths, ground and underground cros
sings of streets, lighting, safety fences, road 
surfaces of pedestrian paths, public transport 
stops);

• assessment of the possibility of urgent 
(in a short period of time) evacuation of the 
population in cases of natural and man-made 
disasters, designing of urgent evacuation 
routes, development of principles for optimal 
organization of traffic during the evacuation 
period (optimal traffic speed, organization 
of one-way traffic, maximum use of the width 
of the carriageway, organization of the 
possibility of oncoming movement of vehicles 
of the Ministry of Emergency Situations, 
t ra f f ic  pol ice,  ambulance  and other 
emergency vehicles, traffic regulation on 
evacuation routes), identification of modes 
of transport for evacuation (public and 
personal vehicles, gathering points for 
residents close to parking lots of public 
transport).

The socio-economic circumstances 
(legal, economic ones) prevailing for the 
urban environment make it almost impossible 
to use old methods and techniques for 
development of integrated transport schemes, 
assessment of the state of the network and 
route system of public transport, pedestrian 
traffic, accounting for road transport, 
development of passenger and freight graphs 
(excluding small distributors’ vehicles).

New methods need to be developed to suit 
the new environment. It is necessary to make 
maximum use of the experience of collecting 
information on movements of residents, 
accumulated in foreign countries, where it is 
bel ieved that  transport  issues largely 
determine the level of favorable life and 
business. Those practices have been largely 
developed recently in Moscow.

Brief conclusion.
The outlined conclusions represent a brief 

description of the concept of a common toolkit, 
a scheme and the most promising methods for 
developing integrated transport schemes in 
Russia in the near future and require further 
in-depth research in each segment.
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