
“Evaluating development prospects of smart cities: Cluster analysis of
Kazakhstan’s regions”

AUTHORS

Ivan Digel

Dinara Mussabalina

Marat Urdabayev

Nurbakhyt Nurmukhametov

Aigul Akparova

ARTICLE INFO

Ivan Digel, Dinara Mussabalina, Marat Urdabayev, Nurbakhyt Nurmukhametov

and Aigul Akparova (2022). Evaluating development prospects of smart cities:

Cluster analysis of Kazakhstan’s regions. Problems and Perspectives in

Management, 20(4), 76-87. doi:10.21511/ppm.20(4).2022.07

DOI http://dx.doi.org/10.21511/ppm.20(4).2022.07

RELEASED ON Thursday, 20 October 2022

RECEIVED ON Wednesday, 15 June 2022

ACCEPTED ON Tuesday, 11 October 2022

LICENSE

 

This work is licensed under a Creative Commons Attribution 4.0 International

License

JOURNAL "Problems and Perspectives in Management"

ISSN PRINT 1727-7051

ISSN ONLINE 1810-5467

PUBLISHER LLC “Consulting Publishing Company “Business Perspectives”

FOUNDER LLC “Consulting Publishing Company “Business Perspectives”

NUMBER OF REFERENCES

34

NUMBER OF FIGURES

3

NUMBER OF TABLES

1

© The author(s) 2023. This publication is an open access article.

businessperspectives.org



76

Problems and Perspectives in Management, Volume 20, Issue 4, 2022

http://dx.doi.org/10.21511/ppm.20(4).2022.07

Abstract

This study aims to study Kazakhstan’s regions and identify places with the best poten-
tial for developing smart cities based on cluster analysis. To analyze the differentiation 
by the level of development, 17 regions of Kazakhstan are grouped according to 2020 
data from the statistical bulletin of the National Bureau of Statistics of the Republic 
of Kazakhstan. The formation of groups of regions with different values of indicators 
was carried out based on agglomerative clustering using the single linkage, complete 
linkage, and Ward’s clustering methods. In agglomerative clustering, the algorithm 
groups regions based on observations into clusters, and indicators determine each 
area’s innovative development level. The instrument to build clustering is the “RStudio” 
software package. As a result, regions with their essential characteristics were identi-
fied, and an assessment of their prospects was obtained with the most significant po-
tential for developing and managing “smart cities” – Atyrau region, Almaty city, and 
Astana city. The remaining clusters include regions where favorable conditions for the 
development of innovations have not yet been formed, which require more resources 
and efforts to build “smart cities.” Therefore, they should not be the first to implement 
this concept. They need a more balanced, integrated approach, ideally supported by 
experience in implementing the idea in more promising regions. In a sense, clustering 
also allowed for identifying potential (or even existing) innovation clusters in regions 
of Kazakhstan. The study results can be used in developing government programs to 
form smart cities and further study the potential of smart cities.
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INTRODUCTION

Nowadays, the critical task is to create conditions for the develop-
ment of cities of all types, ensuring the growth of their competi-
tiveness and sustainable development of the country’s territories. 
Moreover, the decisive role here is played by interactions and mutual 
assistance based on the most effective use of limited resources, pri-
marily intellectual. This actualizes the task of creating conditions for 
the development of modern cities as centers that ensure the develop-
ment of information parameters of urban development through the 
formation of smart cities.

Therefore, there is a process of rethinking city management worldwide, 
and an increasing number of cities are moving to the concept of in-
novative city development. Developing countries that seek to increase 
their intellectual potential and ensure sustainable growth of territo-
ries are no exception. Smart cities allow to improve the life quality of 
citizens, reduce socio-economic inequalities, and make city manage-
ment more effective. The COVID-19 pandemic has reinforced these 
changes and increased their relevance. 
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The main goal of a smart city is to improve the resident’s quality of life with the help of innovative tech-
nologies. Such technologies make urban space more effective in meeting the population’s needs and 
implementing the most modern urban upgrading forms to make citizens’ lives comfortable and safe. 
Developing smart cities requires specific conditions that arise unevenly in different regions of the coun-
try. The further development of smart cities is highly dependent on innovation activity because they 
naturally depend on the introduction of new technological solutions to existing ones. Such “cores” have 
unique characteristics that can be distinguished using clustering.

Kazakhstan, as a developing country with many regions, is just beginning its transition to the digitali-
zation of the city, introducing local solutions. However, some cities and regions of Kazakhstan already 
have an excellent infrastructure to implement the concept of a “smart” city. Thus, Kazakhstan needs to 
keep pace with global changes, such as the worldwide informatization of society, urbanization, and the 
increasing importance of cities. 

Cluster analysis has clear advantages over other types of research. This approach makes it possible to 
identify promising areas for further sustainable development accurately. It should also be noted that it 
allows determining the most successful place for the location of a smart city, the type of object required 
by the name here, and the specific area of the object within the cluster, which is the most economically 
advantageous. So, in this study, cluster analysis will be used, which should become the basis for deter-
mining the level of development of regions and the grouping of cities. It gives an objective picture and 
predicts the direction of development of smart cities. This is especially important for the zoning of urban 
areas of Kazakhstan, which will allow rational use of their potential.

Many developing countries, Kazakhstan among them, are experiencing rapid urbanization. The pro-
portion of urban residents and their demands for quality of life are becoming more sophisticated. The 
development of smart cities is one of the modern ways to meet these demands. Exploring the potential 
for developing and managing smart cities in Kazakhstan has begun very recently. Therefore, this re-
search topic is relevant and requires a more detailed study.

1. LITERATURE REVIEW

All studies on the topic agree that smart cities im-
prove the efficiency of placement and use of resourc-
es and enhance the population’s quality of life by im-
proving security, boosting processes, and providing 
new services. Existing research on smart cities con-
tains a wide variety of topics. All of them, however, 
can be divided into several areas. Some studies are 
solving issues related to the application of specific 
technologies in smart cities. They are completely out 
of the scope of this study. Others develop an under-
standing of the term “smart city” and classify exist-
ing cities accordingly. These will be covered briefly. 
The last group, which is of the most significant inter-
est within the framework of this paper, attempts to 
identify and use factors for the implementation, de-
velopment, and management of smart cities.

The history of smart cities began in 1974 when the 
first Big Data project was launched in Los Angeles. 

Further, Gibson et al. (1992) represented information, 
ideas, and infrastructure that accelerate the creation 
of smart cities, fast systems, and global networks. 
Mahizhnan (1999) investigated the case of Singapore 
being a “smart city.” Finally, Hall et al. (2000) pro-
posed a “vision” of a smart city, one of the first to sug-
gest its more or less integrated description. However, 
there is no consent in academia about the nature 
and features of smart cities, and one has to stick to 
one preferred among others or is forced to reside in 
eclecticism.

Later research provides more profound insights in-
to the formation and development of smart cities. 
Hollands (2008) explored smart cities by identifying 
essential issues: assumptions about the smart city as 
a celebratory tag, that the tag is more of a marketing 
hype than a practical driver of infrastructure change, 
and the term itself carrying an uncritical, develop-
mental connotation. Leydesdorff and Deakin (2011) 
emphasized that smart cities are a process of cultur-



78

Problems and Perspectives in Management, Volume 20, Issue 4, 2022

http://dx.doi.org/10.21511/ppm.20(4).2022.07

al reconstruction underpinned by policy, academic 
leadership, and corporate strategy in their leadership. 
It was also noted that over the past two decades, meg-
acities worldwide had been involved in initiatives to 
improve urban infrastructure and services aimed 
at improving the environment, and social and eco-
nomic conditions, increasing the attractiveness and 
competitiveness of cities (Jong et al., 2015).

Despite the discussion on various concepts and the-
ories, there is no consensus on a clear definition of 
the term “smart city” (Hortz, 2016). In general, smart 
cities extensively use information and communica-
tion technologies to help large cities build their com-
petitive advantage (Angelidou, 2014). In the case of 
Doha, smart city practices are more of an interaction 
between urban technologies and knowledge econ-
omy activities (Conventz et al., 2015). At the same 
time, Pancholi et al. (2015) noted the practice of inte-
grating Brisbane’s smart technologies into good ur-
ban and spatial design practices.

A similar methodological approach to assessing 
smart cities using cluster analysis has been tested by 
Cantuarias-Villessuzanne et al. (2021). They analyz-
ed the smart strategies of European cities and devel-
oped a clustering of smart cities based on the activi-
ties implemented by the cities. Lytras et al. (2019) re-
searched the clustering of smart city services. Finally, 
Xiang et al. (2019) explored streaming data process-
ing applications in a smart city using a cluster anal-
ysis approach. 

Muntean (2019) used cluster analysis to pre-
dict and solve the parking occupancy problem in 
Birmingham’s smart city. This approach first groups 
the dataset to get the appropriate periods through-
out the day and then predicts the data in those clus-
ters. Safitri et al. (2020) conducted a cluster analysis 
of the smart city regions of Banda Aceh, Indonesia. 
Within the framework of this study, the similarities 
of the characteristics of each object in the regions 
of Aceh were determined. In addition, Srinivas and 
Hosahalli (2021) researched the MapReduce distrib-
uted computing environment based on clustering 
using K-means evolutionary computing for a smart 
city based on the Internet of Things. 

The use of cluster analysis in this paper evokes associ-
ations with innovative clusters since the concept of a 
smart city relies heavily on introducing innovations. 

Brakman and van Marrewijk (2013) believe that the 
effect of clusters in cities lies in their impact on cities’ 
national and regional economies since their effect 
favorably affects the existing mechanism in agglom-
erations. Van Klink and de Langen (2001) believe 
that a cluster of cities must go through a mandatory 
development life cycle of creating innovative prod-
ucts. The cluster of cities provides for the emergence 
in the form of small companies that are developing 
innovative products in smart cities. In addition, the 
cluster is growing with the arrival of new companies 
and highly qualified specialists who carry out inno-
vative “smart” projects. The specialization of a cluster 
increases until it reaches maturity before a specific 
period. If companies in a cluster do not have time 
to adapt to changing economic conditions, then de-
cline sets in.

According to Köcker and Müller (2015), the main 
objectives of the cluster policy are increasing labor 
productivity, the speed of development of innova-
tive products, and the competitiveness of small and 
medium-sized enterprises in the region. Noiva et al. 
(2016) analyzed a dataset of 142 cities, including an-
nual per capita water use. With these urban water 
supply and consumption measures, they conducted 
a hierarchical cluster analysis to identify relative sim-
ilarities and distances between 142 cases. Kubina et 
al. (2021) compared standards, implementation, and 
cluster models for smart cities in North America and 
Europe using cluster analysis. Finally, Héraud and 
Muller (2022) studied the interaction between smart 
cities and innovation clusters, as well as people in-
volved in technology clusters, research centers, facto-
ry labs, living labs, etc.

Nazarova and Demianenko (2018) conducted a clus-
ter analysis of the regions of Ukraine. According to 
the cluster analysis results, the regions are grouped 
into six clusters. The dynamics of the quantitative 
distribution of the regions of Ukraine according to 
the selected clusters were also analyzed. The study 
identified cores with a constant composition of re-
gions and presented the characteristics of each cluster. 

The analysis of Kazakhstan’s “smart cities” and clus-
ter analysis of the regions and cities were carried 
out also in Kazakh studies. Urdabayev and Turgel 
(2021) evaluated the applicability of the “Smart 
Aqkol” case in the development of “smart cities” in 
other cities in Kazakhstan. In addition, there is the 
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“WeAlmaty” project implemented by the British 
Council, the city government of Almaty, JSC “City 
Development Center of Almaty,” and Kazakhstan-
British Technical University. 

Aralbaeva and Berikbolova (2021) considered a 
cluster analysis of Kazakhstan’s regions regarding 
the level of innovative development. In their opin-
ion, one of the effective methods to manage the 
possibilities of sustainable development of cities is 
the cluster policy of Kazakhstan, with the help of 
which interconnected forms of suppliers and uni-
versities are formed (Kulanov et al., 2020). Cluster 
policy is an effective form of relations in the inter-
nal environment of the regions of the Republic of 
Kazakhstan, which has recently been a dominant 
component. The main task of cluster policy is to 
create favorable conditions for the development 
of the regional economy, depending on the cate-
gory of the cluster and the strategy of the regions 
(Aralbaeva & Berikbolova, 2021). 

Satpayeva et al. (2020) proposed methodological 
tools based on a systematic approach using eco-
nomic and statistical methods and the 5Ms con-
cept. Furthermore, Mussabalina and Kireyeva 
(2019) believe that the topic of cluster development 
in Kazakhstan deserves special attention. Therefore, 
attempts have been made to maintain and develop a 
cluster policy aimed at the socio-economic develop-
ment of Kazakhstan and its regions.

Based on the literature review, it can be concluded 
that there are studies devoted to the problems of the 
formation and management of the development of 
smart cities. Furthermore, different studies are ded-
icated to the use of cluster analysis to determine the 
level of development of regions and the grouping of 
cities. Thus, some studies are related to analyzing 

“smart cities” and existing clusters in Kazakhstan, as 
well as articles in which cluster analysis is used as 
a research method on similar topics. Nevertheless, 
very few studies use cluster analysis to study the re-
gional environment to form a smart city. Moreover, 
until now, no research used cluster analysis to zone 
the potential of the regions of Kazakhstan for devel-
oping “smart cities.”

The cluster policy for developing and managing 
smart city clusters makes it possible to increase in-
novation activity by strengthening small and medi-

um-sized enterprises, focusing on a common strate-
gic goal and innovation activity. 

Therefore, this paper aims to study Kazakhstan’s re-
gions and identify places with the best potential for 
developing “smart cities” based on cluster analysis. 

2. METHODOLOGY

This study employs agglomerative clustering with 
the “RStudio” software using single hierarchical 
linkage (“closest neighbor”), complete linkage (“far-
thest neighbor”), and Ward’s clustering methods. 

In agglomerative clustering, the algorithm groups 
up observations in clusters, starting with as many 
clusters as there are observations and merging 
them one by one until only one cluster contains 
all observations. The closer the clusters are to each 
other, the sooner they merge. Thus, the general al-
gorithm for applying the methods looks as follows. 
First, suitable quantitative indicators are selected, 
then the “distances” between all observations are 
calculated. Next, the observations are combined 
into clusters according to a specific criterion. It 
is the researcher’s job to identify a set of clusters 
that can be meaningfully and usefully interpreted. 
The method does not imply a clear procedure for 
choosing the number of clusters.

Ward (1963) first described this method. The func-
tion D (X, Y) calculating the between-clusters dis-
tance measures the increase in the “error sum of 
squares” (ESS) after combining two clusters. 

( ) ( )
( ) ( )

,

,

D X Y ESS XY

ESS X ESS Y

= −

 − + 

 (1)

where ESS(.) is of the form:

( )
2

1 1

,
1X XN N

i j

i jx

ESS X x x
N= =

= −∑ ∑  (2)

where N
X
 is the number of elements in the cluster, 

x
i 
and x

j
 are the elements of the cluster. The goal of 

this method is to choose such a sequence of clus-
tering steps that minimizes D(X, Y) (the increase 
in ESS at each step). 

The single and the complete linkage methods work 
differently. They still start from as many clusters 
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as there are observations, ending with only one, 
but the merging criteria differ from Ward’s meth-
od. Both methods use Euclidean distance:

2( ) ,ij i ii
D a b= −∑  (3)

( ) ( )22

1 2 1 2 ,ij x x y yD P P P P= − + −  (4)

where a
i
 and b

i
 are the chosen variables of the re-

spective observations A and B.

At each step, two clusters with the smallest distance 
are merged. The methods differ in how the new dis-
tance is calculated. For the single linkage, the dis-
tance is calculated between the two closest points of 
two clusters (i.e., the closest neighbors), for the com-
plete linkage, the distance is calculated between the 
two farthest points of the two given clusters (i.e., the 
farthest neighbors) (Sharma & Neha, 2019).

Before clustering, the data were standardized us-
ing z-score to allow comparison of the indica-
tors with different units of measurement. The da-
ta source is the National Statistics Bureau of the 
Agency for Strategic Planning and Reforms of the 
Republic of Kazakhstan. The objects to the cluster 
are 17 administrative units of the highest order of 
Kazakhstan, of which 14 are “regions” and 3 are 

“cities of republican significance.”

The selected set of indicators determines the lev-
el of innovative development of regions. Since the 
development of “smart cities” is closely related to 
digital technologies, it is possible to use the same 

indicators as an approximation. They are of two 
types: indicators of the region’s innovation respon-
siveness (gross regional product, labor productivi-
ty, employment, fixed assets, returns on assets and 
ecological properties of production) and measures 
of innovation activity in the region (spending on 
R&D, the share of firms using innovations, pro-
duction of innovative goods). 

3. RESULTS 

As a result of the clustering, there are three den-
drograms (Figures 1, 2, and 3), one for each meth-
od are used. The visual analysis was the primary 
decision-making tool to cut dendrograms in this 
study, supplemented with considerations about 
the possible interpretation of the clusters. The red 
frames represent the selected clusters. As a unit 
of measurement in the pictures, the scale uses 
the Euclidean distance represented by standard 
deviations.

3.1. Single linkage

Figure 1 shows a dendrogram characteristic of the 
single linkage method. Most regions are connect-
ed into one large cluster, and the remaining clus-
ters account for a small fraction of the remaining 
observations. Here the dendrogram is easily cut 
into three clear clusters:

1. Astana city and Almaty city.
2. Atyrau region.
3. All other regions.

Source: Developed by the authors using the data  

of the Bureau of National Statistics (2021).

Figure 1. Dendrogram of clusters of regions of Kazakhstan, single linkage
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3.2. Complete linkage

The dendrogram could be separated into the same 
clusters as for the single linkage. However, there is 
an opportunity to create the fourth cluster. Here 
are all four as follows:

1. Astana city and Almaty city.
2. Atyrau region.
3. Pavlodar region, Mangystau region, West 

Kazakhstan region.
4. All other regions.

3.3. Ward’s method

The results of Ward’s method allow this study to 
create three clusters similar to the two previous-

ly used approaches and give reasons to create four 
clusters as it was for complete linkage. However, 
the fourth cluster here is different from the one of 
the complete linkage method:

1. Astana city and Almaty city.
2. Atyrau region.
3. Pavlodar region, Kostanay region, Karaganda 

region, East Kazakhstan region.
4. All other regions.

For ease of interpretation, all the results were gath-
ered in Table 1. In each cluster, indicator averages 
were calculated and distributed by minimum and 
maximum criteria among clusters.

Source: Developed by the authors using the data  

of the Bureau of National Statistics (2021). 

Figure 2. Dendrogram of clusters of regions of Kazakhstan, complete linkage
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Source: Developed by the authors using the data  

of the Bureau of National Statistics (2021).

Figure 3. Dendrogram of clusters of regions of Kazakhstan, Ward’s method
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Table 1. Description and interpretation of the regional clusters of Kazakhstan
Source: Authors’ elaboration.

No. Regions Maximum Minimum

Three clusters (the same for all three used methods)

1

“Long-Term Growth Zone”

Pavlodar, Kostanay, Karaganda, 

East Kazakhstan region, Almaty, 

Aktobe, Kyzylorda, Zhambyl, NKR,

Akmola, Shymkent city, 

Mangystau, North Kazakhstan 

Region, Turkestan

• Return on fixed assets

• Labor productivity in the sectors 
“Professional and scientific or technology 
activity”, “Manufacturing”, “Construction”, 
“Transportation and storage”, “Information 
and communications”

• Fixed assets
• Spending on R&D

• GRP

2
“Innovative Hub of the West”
Atyrau

• Labor productivity in the sectors 
“Professional and scientific or 
technology activity”, “Manufacturing”, 
“Construction”, “Transportation and 
storage”

• Fixed assets
• Production of innovative goods
• Emissions to air from stationary sources

• Employed population
• Return on fixed assets
• Innovation activity
• Ratio of GRP to emissions

3
“Cores of Smart Cities”
Astana c., Almaty c.

• Labor productivity in the sector 
“Information and communications”

• Employed population
• Ratio of GRP to emissions
• Spending on R&D

• Innovation activity
• GRP

• Production of innovative goods
• Emissions to air from stationary sources

Four clusters (Complete linkage)

1

“Obsolete Industries Zone”

Pavlodar, West Kazakhstan 

Region, Mangystau 

• Emissions to air from stationary sources

• Labor productivity in the sector 
“Manufacturing”

• Ratio of GRP to emissions
• Innovation activity
• Production of innovative goods

2

“Long-Term Growth Zone”

Kostanay, Karaganda, East 

Kazakhstan region, Almaty, 

Aktobe, Kyzylorda, Zhambyl, 

North Kazakhstan region, 

Akmola, Shymkent c., Turkestan 

• Return on fixed assets

• Labor productivity in the sectors “Information 
and communications”, “Professional 
and scientific or technology activity”, 
“Construction”, “Transport and storage”

• Fixed assets
• Spending on R&D

• GRP

3
“Innovative Hub of the West”
Atyrau

• Labor productivity in the sectors 
“Professional and scientific or technology 
activity”, “Processed industry’, “Transport 
and storage”, “Construction”

• Fixed assets
• Production of innovative goods

• Employed population
• Return on fixed assets

4
“Cores of Smart Cities”
Astana c., Almaty c.

• Labor productivity in the “Information 
and Communication” industry

• Employed population
• Ratio of GRP to emissions
• Spending on R&D

• Innovation activity
• GRP

• Emissions to air from stationary sources

Four clusters (Ward’s method)

1

“Traditional Industrial Zone”
Pavlodar, Kostanay, Karaganda, 

East Kazakhstan region 

• Return on fixed assets
• Emissions to air from stationary sources • Ratio of GRP to emissions

2

“Long-Term Growth Zone”

Almaty, Aktobe, Kyzylorda, 

Zhambyl, NKR, Akmola, Shymkent 

c., Mangystau, North Kazakhstan 

Region, Turkestan

• No indicators

• Labor productivity in the “Information and 
Communication”, “Professional and scientific 
or technology activity”, “Manufacturing”, 
“Construction”, “Transport and storage”

• Fixed assets
• Innovation activity
• Production of innovative goods
• GRP

• Spending on R&D
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The main result of the analysis is three clusters. 
The choice of method does not affect the composi-
tion of these clusters in any way, but it does affect 
the aggregation sequence.

“Long-term growth zone” is the largest of the clus-
ters. It has the highest average return on fixed as-
sets but the lowest average labor productivity, fixed 
assets, GRP, and R&D spending. It represents re-
gions with almost no advantages for smart cities 
and needs to develop some before implementing 
them. It is easy to see that both strengths and 
weaknesses of the cluster are of economic nature, 
whereas its ecological and innovative indicators 
are somewhere in-between. The highest average 
return on fixed assets means this cluster is some-
what promising for future investors. Still, it will be 
necessary to carefully manage policy to stimulate 
investments in R&D, IT, and infrastructure in-
stead of, for example, mining. However, with on-
ly one strength and many weaknesses, this cluster 
is not the best choice to start the development of 
smart cities in Kazakhstan. The following clusters 
seem to be more suitable. 

 “Cores of smart cities” are two cities of republi-
can importance: Almaty and Astana. They have 
developed industrial IT clusters with the highest 
average labor productivity. The most significant 
average spending on R&D and innovation activity 
would allow for easier development and introduc-
tion of “smart” technologies. The highest average 
GRP and employment indicate significant mar-
ket capacities and purchasing power, which could 
support the demand for services in a smart city. 
On top of that, Astana and Almaty have the most 
emissions-efficient economies, but the volume of 

emissions is still the biggest among clusters. The 
combination of these factors makes this cluster 
the most suitable for the pilot projects of smart 
cities in Kazakhstan.

“Innovative hub of the West” is, in fact, only one 
region, Atyrau. However, it is so different from 
all other clusters that its “closest neighbors” are 
only cities from the cluster “cores of smart cities.” 
However, Atyrau region has its own advantag-
es – the highest labor productivity in the sectors 

“Professional and scientific or technology activity,” 
“Processed industry,” “Transport and storage,” and 
“Construction;” the highest average value of fixed 
assets and the highest amount of produced inno-
vative goods. Those indicate that there exist firms 
capable of producing the staff necessary for the de-
velopment of smart cities. These strengths make 
the cluster suitable for smart cities as well, but the 
weaknesses here are more influential than in the 
previous sector. In particular, this cluster has the 
lowest average employment and returns of fixed 
assets. 

Applying the complete linkage method or Ward’s 
method leaves “Cores of smart cities” and 

“Innovative hub of the West” unchanged but picks 
out certain regions from the “Long-term growth 
zone”:

• The complete linkage method gives an 
“Obsolete industries zone” cluster. This is a 
cluster of regions with non-innovative indus-
try, which is also inefficient in terms of envi-
ronmental pollutant emissions and has low 
labor productivity. The development of smart 
cities in these regions will require a complete 

No. Regions Maximum Minimum

3
“Innovative Hub of the West”
Atyrau

• Labor productivity in the sectors 
“Professional and scientific or technology 
activity”, “Processed industry’, “Transport 
and storage”, “Construction”

• Fixed assets
• Production of innovative goods

• Employed population
• Return on fixed assets

4
“Cores of Smart Cities”
Astana c., Almaty c.

• Productivity in the “Information and 
Communication” industry

• Employed population
•  Ratio of GRP to emissions
• Spending on R&D

• Innovation activity
• GRP

• Emissions to air from stationary sources

Table 1 (cont.). Description and interpretation of the regional clusters of Kazakhstan
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overhaul. Significant attention will need to be 
paid to reducing pollution, stimulating en-
trepreneurial activity, and increasing labor 
productivity.

• With Ward’s method, it is possible to distin-
guish a “Traditional industrial zone” cluster. 
Unlike the “Obsolete industries zone,” this 
one has the advantage of the highest aver-
age return on fixed assets, and only a low 
return on GRP in relation to emissions re-
mains among the disadvantages. This cluster 
includes regions with efficient enterprises in 
terms of capital investments, which, neverthe-
less, still pollute the environment heavily. The 
efficiency of capital investments can be used 
to manage a financial basis for developing 
smart cities.

Summing up, there are definitely three clusters. 
Changing the approach makes it possible to deter-
mine an additional cluster from the “Long-term 
growth zone” and interpret it meaningfully. The 
choice of specific clustering depends on manage-
ment preferences. Regardless of the approach, the 
most promising for developing smart cities are 
clusters “Cores of smart cities” and “Innovative 
hub of the West,” which already have conditions 
for implementing pilot projects. Their cases should 
further serve as an example to develop smart cities 
in the remaining cluster(s) regions. It is important 
to note that the three most promising regions best 
suited to developing “smart cities” are well-dis-
tributed geographically. Those are Astana city for 
the northern part of the country, Almaty, for the 
southern one, and Atyrau, for the western region.

4. DISCUSSION 

Cluster analysis to assess the potential of smart 
cities in Kazakhstan has not been used before. 
However, there are similar studies for other coun-
tries. For example, Cantuarias-Villessuzanne et 
al. (2021) used seven PCA ascending hierarchical 
classifications. They identified three clusters of 
cities in Europe: cities with new smart strategies, 
cities focused on technology, and smart cities fo-
cused on quality of life. The study focuses on cit-
ies with good development potential as smart cit-
ies and pays little attention to the rest. This makes 

sense on a European scale with many relatively de-
veloped cities. At the same time, there have been 
no similar studies regarding the identification and 
development of smart cities in Kazakhstan.

The study’s results allowed dividing the regions of 
Kazakhstan into three groups: long-term growth 
zone, cores of smart cities, and innovative hub of 
the West. The results are consistent with previous 
studies that used cluster analysis (Kubina et al., 
2021; Héraud & Muller, 2022). Kubina et al. (2021) 
used the clustering method to analyze North 
America and Europe regions. Those cities were 
divided into three clusters: balanced innovators 
cities, post-industrial opportunists cities, and evo-
lutionary cities. In addition, Héraud and Muller 
(2022) analyzed European cities and highlighted 
five municipalities representing the best practic-
es in implementing the smart city concept. This 
review showed that the selected regions for devel-
oping smart cities could receive significant posi-
tive effects in the form of increased competitive-
ness, increased labor productivity, and improved 
infrastructure.

The fact that the cities of Astana and Almaty would 
be the most favorable for smart cities is not sur-
prising since these are the two most developed cit-
ies in the country, being attractors for capital and 
migration. Suddenly, the city of Shymkent, which 
became the third million-plus city in the country, 
and several years ago received a “promotion” in 
the form of obtaining the status of a “city of repub-
lican significance,” does not have such great poten-
tial. Despite the new position, its characteristics 
remain at the level of the least developed regions 
in the study context. At the same time, the Atyrau 
region turned out to be so unexpectedly original 
that it needed to be singled out in a separate clus-
ter, which could not be expected after a superfi-
cial study. The presence of a large group of regions 
with low potential is also not surprising. Still, the 
opportunity to single out a cluster in a “transition-
al state” is also unexpected and made it possible to 
understand the capabilities of these regions better. 
Obviously, changing the clustering method affects 
the resulting clusters. However, two clusters are 
resistant to method changes. “Cores of smart cit-
ies” and “Innovative hub of the West” remain the 
same regardless of the method used. This may in-
dicate the “robustness” of their uniqueness.
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Future research may focus on the following 
areas:

• The most obvious is expanding the list of 
indicators for clustering. The list of indi-
cators used in this paper is not exhaustive. 
For example, indicators of the development 
of political institutions were not included. 
However, under a unitary autocracy, the 
assumption of a slight difference in politi-
cal institutions in the regions is quite rea-
sonable. However, one may try to identify 
and include any differences in the analysis. 
Expanding the list of indicators of techno-
logical development can also improve the 
investigation, but the research will face dif-
ficulties in collecting data.

• The next option is to change the administra-
tive level. The present analysis is made for the 
highest level of the administrative system of 
Kazakhstan, which contains only regions and 
cities of republican significance. The change 
to a lower level could give more data points to 
single out individual cities or parts of regions 
in which smart city projects can be launched 
and efficiently managed.

• Using a different approach to clustering is an 
option, as well. In this paper, hierarchical ag-
glomerative methods are used. At the same 
time, the cluster analysis toolkit is much more 
comprehensive. It includes hierarchical divisive 
methods and a large group of non-hierarchical 
methods that can give other valuable results.

CONCLUSION 

This study aimed to evaluate the features of the regions of Kazakhstan to highlight those having the 
best potential to develop and manage “smart cities.” The analysis gave either expected and unsuspected 
results. The study highlighted deep regional inequality affecting the potential to successfully develop 
and manage smart cities. There are three regions with the highest potential – Atyrau region, Almaty city, 
and Astana city. They have a lot of capital, high R&D and innovational activity, employment rate, and la-
bor productivity to support “smart cities” development. The remaining regions will demand much more 
resources and effort to build “smart cities” and thus should not be the first to implement the concept. 

This inequality must be considered for the development of smart cities in Kazakhstan. The best solution 
in forming a policy for the development of smart cities will be the launch of pilot projects in the “cores 
of smart cities.” If the projects are successful, they can include the “innovative hub of the West” cluster. 
This paper can be helpful for the development of smart cities, which is essential when developing pro-
jects for clustering and sustainable growth.
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