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ANALYSIS OF THE TRANSPORT INFRASTRUCTURE  
OF ALMATY CITY USING GIS-TECHNOLOGIES

The transport system plays a key role in the development of cities. It has a direct impact on many 
aspects of city life and infrastructure. An efficient transportation system helps move goods and people 
faster and cheaper, which contributes to a city’s economic growth. A well-developed transport in-
frastructure can also attract investment and create new employment. The purpose of the study is to 
research the transport infrastructure of Almaty through the use of geographic information technologies. 
The use of geographic information technologies to research the transport infrastructure of the city of 
Almaty is a very promising approach. GIS enables the analysis and visualization of spatial data, which 
can lead to a deeper understanding of the relationships between transport and urban development. 
GIS can be used to estimate traffic volumes on different road sections and at different times of the day. 
This makes it possible to identify areas with the highest load and possible bottlenecks in the transport 
network. The article presents the results of a social survey among residents of Almaty. Including a 
social survey among city residents and conducting a SWOT analysis provides a complete picture of 
the current situation and prospects for the development of the transport network. These methods and 
analyzes are important tools for improving a city’s transportation system and increasing the satisfaction 
of its residents.
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ГАЖ технологияларын пайдаланып Алматы қаласының 
 көлік инфрақұрылымын талдау

Қалаларды дамытуда көлік жүйесі шешуші рөл атқарады. Ол қала өмірі мен 
инфрақұрылымының көптеген аспектілеріне тікелей әсер етеді. Тиімді көлік жүйесі тауарлар 
мен адамдарды тезі және арзан тасымалдауға көмектеседі, бұл қаланың экономикалық 
өсуіне ықпал етеді. Жақсы дамыған көлік инфрақұрылымы да инвестиция тартуға және 
жаңа жұмыс орындарын ашуға мүмкіндік береді. Зерттеудің мақсаты – географиялық 
ақпараттық технологияларды қолдану арқылы Алматы қаласының көлік инфрақұрылымын 
зерттеу. Алматы қаласының көлік инфрақұрылымын зерттеу үшін географиялық ақпараттық 
технологияларды пайдалану – өте перспективалы тәсіл. ГАЖ кеңістіктік деректерді талдауға 
және визуализациялауға мүмкіндік береді, бұл көлік пен қала дамуы арасындағы қарым-
қатынастарды анықтауға мүмкіндік береді. ГАЖ әртүрлі жол учаскелерінде және тәуліктің 
түрлі уақыттарында қозғалыс көлемін бағалау үшін пайдаланылуы мүмкін. Бұл көлік желісіндегі 
ең жоғары жүктеме және кедергілер мүмкін бар аймақтарды анықтауға мүмкіндік береді. 
Мақалада Алматы тұрғындары арасында жүргізілген әлеуметтік сауалнаманың нәтижелері 
берілген. Соның ішінде қала тұрғындары арасында әлеуметтік сауалнама жүргізу және SWOT-
талдау жүргізу көлік желісін дамытудың ағымдағы жағдайы мен перспективаларының толық 
бейнесін береді. Бұл әдістер мен талдаулар – қаланың көлік жүйесін жақсарту және оның 
тұрғындарының қанағаттануын арттырудың маңызды құралы.

Түйін сөздер: көлік инфрақұрылымы, геоақпараттық жүйелер, кеңістікті дамыту, Алматы.

https://doi.org/10.26577/JGEM.2023.v70.i3.03
https://orcid.org/0000-0001-5734-1947
https://orcid.org/0000-0002-5043-8874
https://orcid.org/0000-0001-8041-9247


35

L.B. Kenespayeva  et al.

Л.Б. Кенеспаева1*, Т.К. Рафиков2, А.Н. Мусагалиева1

1Казахский национальный университет имени аль-Фараби, Казахстан, г. Алматы 
2Казахский национальный аграрный исследовательский университет , Казахстан, г. Алматы 

*е-mail: laura.kenespaeva81@gmail.com

Анализ транспортной инфраструктуры города Алматы  
с использованием ГИС-технологий

Транспортная система играет ключевую роль в развитии городов. Она оказывает непос-
редственное влияние на множество аспектов городской жизни и инфраструктуры. Эффективная 
транспортная система способствует более быстрому и дешевому перемещению товаров и лю-
дей, что способствует экономическому росту города. Хорошо развитая инфраструктура транс-
порта также может привлекать инвестиции и создавать новые рабочие места. Целью исследо-
вания является изучение транспортной инфраструктуры г. Алматы посредством использования 
геоинформационных технологий. Использование геоинформационных технологий для изучения 
транспортной инфраструктуры города Алматы является весьма перспективным подходом. ГИС 
позволяют анализировать и визуализировать пространственные данные, что может привести к 
более глубокому пониманию взаимосвязей между транспортом и развитием города. ГИС могут 
использоваться для оценки интенсивности движения на разных участках дорог и в разное время 
суток. Это позволяет выявить места с наибольшей нагрузкой и возможные узкие места в транс-
портной сети. В статье приведены результаты социального опроса среди жителей г. Алматы. 
Включение социального опроса среди жителей города и проведение SWOT-анализа дает пол-
ную картину текущей ситуации и перспектив развития транспортной сети. Эти методы и анализ 
являются важными инструментами для улучшения транспортной системы города и повышения 
уровня удовлетворенности его жителей.

Ключевые слова: транспортная инфраструктура, геоинформационные системы, пространст-
венное развитие, Алматы. 

Introduction

The transport infrastructure traditionally acts as 
the most important sphere of social production and 
occupies a special place in the system of a single 
economic complex of the country. It serves as the 
material basis for the division of labor in society 
and provides a diverse link between production 
and consumption, industry and agriculture, mining 
and processing industries, and between different 
economic regions. In general, the level of economic 
and technological efficiency of the functioning of all 
sectors of the economy of the region largely depends 
on the work of the transport industry (Semak Y.А., 
2017). 

Given the nature of cities as a complex system 
of economic, social and political activity, many 
different research approaches have been used 
to understand the complex structure of urban 
activity and forecast its future spatial development 
(Aljoufie  M., 2011, Panfilov A.V., 2020).

However, there was no developed universal 
method or model. The development of the transport 
system is a consequence of further restructuring of 
the country’s economy and leads to an increase in 
the consumption of domestic goods and services in 
the world market (Chimitdorzhieva E.C., 2013)

It has been scientifically established that there 

is a relationship between transport and urban 
growth. To understand this relationship, it is 
necessary to assess urban spatio-temporal changes 
and their associated causes and effects. It has been 
established that the expansion of the transport 
situation is strongly correlated with population 
growth, spatial expansion and changes in land use 
(Roj O. M., 2021) Achieving economic growth, 
improving the quality of life of domestic producers, 
improving the standard of living of the population 
and strengthening national security largely depends 
on the quality of the economic space, therefore, 
expanding the use of opportunities that affect 
its properties, expanding coverage is a transport 
infrastructure (Hristoforov,  A.M., 2008)

The transport system is not so much the pres-
ence of appropriate mobile stock, means of commu-
nication and skilled workforce, but rather a special 
infrastructure and services for the transport process, 
communication hubs and unified dispatch service, 
which together make it possible to ensure the neces-
sary speed of delivery of goods and passengers (Ba-
zarbekova M.M., 2020, Budarova V., 2018).

Sustainable development is most relevant for 
cities that are hubs of various problems. One of the 
most acute for cities is the transport problem, en-
suring high mobility of the population. Rampant 
motorization exacerbates the transport situation and 
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reduces the quality of life of citizens (the time spent 
on movement is increasing, the emission of pollut-
ants is growing at a faster pace, the shortage of ur-
ban land limits the development of the road network 
and parking spaces, etc.) (Grishaeva J. M., 2018, 
Gudina T.T., 2022, L. Yang, 2020, J. Lee, 2020). 
The pursuit of sustainability is at the forefront of 
modern planning initiatives. However, the most re-
cent research has focused on the environmental and 
economic aspects of developing a sustainable urban 
environment, while the social aspects have been 
largely ignored [N. Cuthill, 2019].

Kazakhstan scientists are conducting various 
studies on the analysis of urban transport systems in 
the city of Almaty, a theoretical justification has been 
carried out to improve the system of managing urban 
traffic flows in Almaty, and measures are proposed to 
improve and effectively manage urban transport sys-
tems (Smoljar I.M., 2008, Vuchik V.R., 2011, Zhan-
birov Z.G, 2018, Molgazhdarov A.S., 2018).

The aim of the study is to research the transport 
infrastructure of Almaty using geographic informa-
tion technologies and its impact on the spatial devel-
opment of the city. During the study the current state 
of the transport system in Almaty, the problems and 
prospects for its development were considered. To 
identify the main problems of transport infrastruc-
ture the authors of the article conducted an online 
social survey among the population of Almaty.

Materials and methods

This research uses the theoretical and method-
ological analysis of scientific literature, methods 
of comparative, statistical analysis, GIS methods, 
structural analysis. To analyze the dynamics data 
for 2011-2021 were collected from statistical col-
lections of the Bureau of National Statistics of the 
Agency for Strategic Planning and Reforms of the 
Republic of Kazakhstan, monographs, scientific ar-
ticles, publications and other sources.

Also to consider the impact of the transport sys-
tem on the spatial development of the city of Almaty 
a social experiment method was chosen, namely a 
social survey. The specificity of the study lies in the 
fact that within the framework of the social survey 
special sociological methods of collecting informa-
tion were used, as well as special sociological tech-
nologies, including sampling.

For this social survey, respondents were select-
ed from among the residents of the city of Almaty, 
different districts, professions and ages. According 
to sociologists, for a city with a population of al-

most 2 million people, this sample is considered 
representative. 480 people participated in the sur-
vey, including 275 women and 205 men, people of 
different ages and different fields of activity par-
ticipated.

Results and discussion

Almaty is the former capital (until 1998) and 
one of the largest cities of republican significance 
in the Republic of Kazakhstan, with a population of 
2,005 thousand people at the end of 2021 (Statistics 
Committee, 2021). The city consists of 8 districts: 
Bostandyk, Auezov, Alatau, Almaly, Zhetysu, Me-
deu, Turksib and Nauryzbai. The city of Almaty 
is the financial and cultural center of the republic. 
More than 80% of the country’s banks, more than 
60 offices of international companies, the Nation-
al Bank, and the stock exchange are located here. 
Almaty ranks 1st in the country in terms of GRP 
(19.5% in 2019) and is a center for the development 
of small and medium businesses.

Almaty is a major logistics hub on the Western 
Europe – Western China route. The city is connect-
ed by major intercity and international road, rail and 
air communications. The city is also one of the busi-
est in the road plan (Fig. 1.).

At present, due to migration and natural 
growth, the population of Almaty is growing, and 
accordingly, the need for the development and 
competent organization of transport infrastructure is 
also growing.

In total the population in Almaty uses 3 types 
of transport, respectively, these are cars and taxis 
(including motorcycle and bicycle transport), public 
transport (buses and trolleybuses), as well as the 
metro. Every year there are various changes in the 
use of public transport, that is, electric buses have 
appeared, the Onay system is functioning in the city 
– within the framework of the project “Automated 
accounting and payment system for public transport 
in Almaty”, elements of a smart city are being 
designed, special road bus lines, changes were made 
to the general plan of the city, namely the creation of 
new metro lines (General plan, 2021)

The process of work of the local executive bodies 
that influence the business and investment climate 
in the region has a great influence on the spatial 
development of Almaty. One of the main tasks is 
the development and use of transport statistics 
and the removal on this basis of the presence of 
restrictions for the development of small enterprises 
and industries (State program, 2010).
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Figure 1 – Traffic conditions by districts in Almaty
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As a result of monitoring statistical data with 
the help of geographical information systems, a map 
of the tension of roads in the center of Almaty was 
compiled. (Figure 2.).

Real-time or near-real-time traffic data can 
help authorities and commuters make informed 
decisions about their routes. It can also allow traffic 
management systems to optimize traffic flow and 
reduce congestion.

Urban planners can use this data to identify areas 
with high traffic congestion and plan improvements 

Figure 2 – Map of traffic congestion in the peak time of the center Almaty

to transport infrastructure, such as adding new 
roads, expanding existing ones, or implementing 
public transport solutions.

Reducing traffic congestion can have a 
positive impact on air quality and reduce 
greenhouse gas emissions. Planning an efficient 
transport system can help create a more 
sustainable city.

As a result of monitoring of statistical data, a 
table of main risk indicators for the city of Almaty 
for 2011–2021 was formed:

Table 1 – The main transport indicators of Almaty for 2011-2021

Years 
Transport indicators 20
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20
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20
14

20
15
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20
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20
18

20
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20
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,7
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0,
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24
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7
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6,
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7
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2
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7
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2
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9
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Table 2 – The composition of public transport in Almaty in the period 2013-2019

Years
Name

Unit of 
measure 2013 2014 2015 2016 2017 2018 2019

Number of all public transport units 11030 9860 9566 9280 8655 8537 8980
Including:                
Buses units 10757 9614 9327 9058 8433 8315 8758
Trolleybuses units 239 212 215 215 215 215 215

Tramways units 27 27 17 - - - -

Metropolitan units 7 7 7 7 7 7 7

There is a decrease in the dynamics of the 
number of public transport from 2013 to 2019 
(table 2). Since 2015, the tram service in the city 
has been discontinued due to the need for trans-
port reforms, the construction of light rail trans-
port (LRT) was planned, and construction work 
is currently underway. Since 2016, the bus fleet 
has been regularly updated and a large number of 
electric buses have been introduced (Pelkmans 
M., 2008).

Satisfaction of the city population with the exist-
ing transport infrastructure is a very important is-
sue. Both the quality of life of the urban population 
and the overall economic development of the city 
depend on this. For the development of any space, it 
is necessary to conduct a close dialogue with its in-
habitants, which will ultimately allow us to identify 
the strengths and weaknesses of the city’s transport 
infrastructure.

In connection with the COVID-19 pandemic, 
we conducted a social survey on the problems of 
the transport infrastructure of the city of Almaty in 
an online format using the modern Google Form 
service, thanks to which a large number of people 
passed the survey. Thanks to this service (Google 
form), the respondents were not afraid for their ano-
nymity, thus the honesty during the survey was at a 
high level.

Also, with the help of various online services for 
conducting surveys, the coverage of respondents is 
rapidly increasing and spreading, and the conduct 
of the social survey itself is also possible without its 
administrator (survey owner).

The main objective of this survey was to identify 
the main problems of the Almaty transport system 
among the local population. To obtain correct data 
on the state of transport services in the city of re-
publican significance of Almaty, respondents were 
asked to indicate the area they live (Figure 4).

For this social survey, respondents were selected 
from among the residents of the city of Almaty, dif-
ferent districts, professions and ages. According to 
sociologists, for a city with a population of almost 2 
million people, this sample is considered representa-
tive. 480 people participated in the survey, including 
275 women and 205 men, people of different ages 
and different fields of activity participated. Figure 3 
shows the age chart of the respondents.

As we can see from this diagram, the main age 
of the respondents is up to 40 years, that is, they are 
both schoolchildren, students (178 people under the 
age of 25) who constantly, actively use public trans-
port, and older people, most of whom use personal 
transport (201 people aged 26 to 40).

Great emphasis on the number of respondents 
was placed on the areas with the highest density: 
Almaly, Auezov and Bostandyk districts. These areas 
are characterized by a high population density and 
accordingly, a high level of transport infrastructure 
is required (Smoljar I.M., 2008, Vuchik V.R., 
2011). In accordance with this need, the respondents 
were asked to answer the question: “What type of 
transport is most preferable for you?”. 54.3% of the 
480 respondents exactly 261 people chose buses 
and trolleybuses. Currently, 131 bus lines operate 
in Almaty, some of which provide a connection 

As can be seen from Table 1, in connection with 
the coronavirus infection (COVID-19) pandemic in 
2019-2021, passenger traffic decreased by almost 
three times. Restrictive measures were gradually 
introduced, a state of emergency, and one of the 

reasons for the sharp decrease in freight traffic is the 
special state of the geopolitical situation in the region.

Further, for detailed research of public transport 
in the city of Almaty, the composition of transport 
for the period 2013-2019 is presented.
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between the city and cities located near Almaty. 
In addition, some buses (about 800 units) were 
switched to natural gas (Burak P., 2014). Thus, 
public transport is the main mode of transport for 
the population and requires an appropriate level. 
Currently, due to modern geographic information 
systems, the public transport planning system 

and the search for the optimal route have been 
automated. Passengers know the schedule of each 
bus, it is displayed at bus stops, and due to online 
technologies, we can see in which part of the city 
any bus travels and see the status of traffic jams. 
All these indicators have a positive effect on the 
spatial development of the city of Almaty.

Figure 3 – Age of the respondents participated in the social survey  
on the quality of transport services in Almaty, 2021

Figure 4 – Number of respondents depending on the area of residence in Almaty
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To identify problems in the use of public 
transport, the respondents were asked the question: 
“What are the reasons, in your opinion, to prevent 

more frequent use of public transport?” For this 
question, you could choose several answers or offer 
your own option, the results are shown in Figure 5.

Figure 5 – The main reasons for the infrequent use  
of public transport among the respondents of the social survey.

The survey showed the main reasons that pre-
vent the population from actively using public trans-
port. As we can see, the main reasons are the need to 
make transfers between routes, long waiting times 
for some routes, and uncomfortable rolling stock.

On the question “Are you satisfied with the qual-
ity of service from the staff of organizations provid-
ing transport services?”, 68.5% of respondents (329 
people) answered that they were satisfied; 31.5% 
(151 people) answered that they were not satisfied.

A big plus of the transport system, as revealed 
by the survey, is considered to be a single payment 
in buses, trolleybuses, metro. Thanks to one card, 
city residents can move around using non-cash pay-
ments. Also, for the convenience of using these 
cards, there is an application through which you can 
monitor the amount on the card, build a route, and 
also see where the desired bus is located.

The main problem of Almaty, according to re-
spondents, is the problem of traffic jams. Traffic 
jams are a problem in all densely populated cities. 
For a long time, the Almaty authorities have been 
solving this problem by classical methods: tuning of 
traffic lights, widening and punching new roads, as 
well as building road junctions.

In accordance with this, when conducting a so-
cial survey, respondents were asked the question: 
“How much time per day do you spend traveling 
from home to work and back.” Basically, traffic 
jams occur on weekdays on the way to work from 
8:00 to 10:00, and accordingly, the rush hour be-
gins in the evening, from about 17:00 to 20:00. The 
results are shown in Figure 6.

As we can see from Figure 6, residents of the 
city of Almaty spend up to two hours on travel to and 
from work a day. The main reason for this is traffic 
jams, which continue on some streets regardless of 
working hours (Rozybakiev St., Timiryazev St. and 
others).

Due to the conducted social survey, it was 
possible to establish the attitude of the local 
population of the city of Almaty to the existing 
transport system, identified the main problems of 
public transport, and assessed the satisfaction with 
the arrangement of public transport by the residents 
of Almaty.

To determine the current situation in the spatial 
development of the city of Almaty and identify 
strengths, weaknesses, opportunities and threats, a 
SWOT analysis was used.
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Figure 6 – The amount of time spent by respondents per day in a vehicle

SWOT-analysis of the development of the 
transport system of Almaty city: 

Internal → environment Strengths (internal 
potential) (S):

1. Highly developed urban infrastructure
2. Favorable environment for continuous 

development
3. A large number of areas of urban development
4. Favorable environment for tourist travel
5. A large number of attractions
6. The number of jobs is more than in other 

regions
7. The only city with a functioning metro
Internal environment → Weaknesses (internal 

disadvantages) (W):
1. Insufficient culture of acceptance of 

innovations
2. Poor air quality
3. Use of outdated methods of data analysis and 

management
4. The problem of traffic congestion, traffic jams 

in the city reach strong proportions, on some streets
5. The problem of overcrowded buses
6. The problem of unfinished interchanges in the 

city
External environment → Potential Opportunities 

(O):
1. The emergence of smart city elements (smart 

stops, smart traffic lights, and so on)
2. Improving the quality of service of the 

transport system

3. Sustainable development of ecological 
infrastructure

4. Active involvement of citizens in the 
management of the city, thereby a possible impact 
on the development of the transport system

5. Changing the state of traffic jams for the better
6. Development in the city of LRT (Light Rail 

Transport), which should relieve the city’s roads
External environment → Current Threats (T):
1. Further environmental deterioration of the 

city
2. Threats of mudflow destruction in some areas 

of the city
3. Crowded routes may lead to a worsening of 

the epidemiological situation in the city
4. Seismic hazard
In accordance with the long-term programs 

and development strategy of the city of Almaty, 
the potential development of the city in various 
directions is also possible:

1. Development as the center of the creative 
industry;

2. Development based on the priority of science, 
education and innovative business;

3. Diversification of economic sectors with a 
focus on high-performance and export-oriented 
sectors, including tourism.

There are also various strategies for the 
development of the spatial development of the 
city of Almaty through the transport infrastructure. 
For example, the Development Strategy “Almaty 
-2050”, which, taking into account the historical 
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place of the city at the junction of cultures and 
civilizations, the challenges it faces, as well as its 
strengths and potential, defines the vision of Almaty 
in 2050.

Almaty of the future will be a “smart” city 
applying the best smart practices, smart forecasting, 
proactive planning and management in all spheres 
of life: in the construction and development of urban 
spaces, environmental protection, transport, security, 
healthcare, education, public services. Almaty will 
be the cultural and intellectual capital of Central 
Asia with a developed innovative environment and 
an advanced lifestyle that sets fashion and standards. 
The city will host world-class events in the field of 
science, innovation, culture and art.

To do this a single information ecosystem will 
be created in which all kinds of sensors, cameras, 
networks, data storages and other “smart” devices 
will be interconnected into the “central nervous 
system of the city” – Big Data Almaty. This system 
will monitor weather changes, the environmental 
situation, the state of urban engineering and road 
transport infrastructure, the situation on the streets 
and urban facilities, and many other parameters of 
the city’s “health” in order to automatically manage 
urban infrastructure using artificial intelligence, as 
well as instantly warn about any emerging risks and 
help to better manage the development of the city.

We believe that when solving problems related 
primarily to the density of traffic, the problem of 
traffic jams in the city, Almaty will improve its 
various indicators, including the quality of life of the 
population. First of all, air quality indicators, since 
there is large air pollution in the city. Air pollution 
has a wide-ranging detrimental effect on human 
health, especially on the cardiovascular system.

Secondly, when solving problems with road 
congestion, namely, with the further construction 
of interchanges, smart traffic lights, the capacity of 
roads will increase.

Thirdly, when solving problems related to 
traffic congestion in the city center, as well as 
involving citizens in city management, there will 
be a development of the transport system, and, 
accordingly, spatial infrastructure.

Conclusion

The main goal of the transport infrastructure 
of cities is to meet the needs of the population 
in transportation. In this regard, it is necessary 
to continuously improve the efficiency of urban 
transport, taking into account the strategic plans for 
the development of the territory for the future and 
international transport requirements and standards. 
Providing the growing population of the city of 
Almaty with the quality functioning of city routes, 
improving safety and comfort for passengers and 
drivers of road traffic, optimal tariff policy, the 
introduction of alternative modes of transport to 
maintain the city’s ecology taking into account 
the rational principles of urban construction 
planning are the main tasks of modern transport 
infrastructure.

In this research the features of the transport sector 
of the city of Almaty were studied. The conducted 
social survey revealed the main reasons that prevent 
the population from actively using public transport. 
The need to make transfers between routes, a long 
wait for some routes, uncomfortable rolling stock 
are problems that the city authorities need to pay 
special attention to. Since the active use of public 
transport by the population would make its own 
adjustments in solving the problems of traffic jams 
and air pollution with exhaust gases in the city of 
Almaty.

The compiled SWOT analysis revealed the 
strengths and weaknesses, the main opportunities 
and threats to the transport development of the city 
of Almaty. Based on the results of the study, we 
offer directions for solving the existing problems of 
the transport infrastructure of the city of Almaty.
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