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Abstract. The development of the information and communication sector (ICS)
is one of the most crucial components of the creative economy, reaching the
goals of sustainable development and post-war economic recovery in Ukraine
and its regions. The purpose of this paper is to identify the key trends in the
functioning of the ICS in the creative economy and to explore its contribution
to sustainable development and post-war reconstruction in Ukraine. The
author has examined the key social and economic indicators of the ICS by types
of economic activity, compared the dynamics of structural changes in the ICS
regionally using the Krugman, Herfindahl, and Theil indices of regional
specialisation, and developed a simultaneous model of the functioning of this
sector by regions of Ukraine. In 2010-2021, the increase in the contribution
of ICS to the fostering of Ukraine’s creative economy, achieving the
sustainable development goals concerning economic growth, decent work and
innovation was shown by the number of active business entities (% of the total),
capital investments (% of the total), turnover of enterprises (% of the total),
number of the employed at enterprises (% of the total), and value added at
factor costs of enterprises (% of the total). In 2022, the war led to a broad
adaptation of business entities in the ICS of Ukraine to operate in unfavourable
conditions, and they managed to be profitable. Given the indices of regional
specialisation, the transformation of the economic structure of Ukraine’s
regions driven by the development of the ICS is insignificant, slow, and
gradual due to the relative stability of their industrial specialisation. The
simultaneous equations model explaining the functioning of the ICS by region
of Ukraine includes four regression equations describing the value added at
factors costs of enterprises, the number of active business entities and workers
employed by them, and the structure of service exports in this sector. The
research findings would be useful to elaborate sectoral national and regional
public policy aimed at expanding the post-war growth of Ukraine’s creative
economy and achieving the sustainable development goals.
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Problem statement. The digitalisation of business entities, households and the state,
and introducing innovations related to information and communication technologies (ICTs)
are recognized to be fostering a stronger position of the information and communication
sector (ICS) and the development of the creative economy in Ukraine and its regions. The
ICS also contributes to the achievement of sustainable development goals (SDGs) focused
on the self-realisation of the creative potential of the economically active population,
accelerating structural modernisation and increasing the share of high-tech sectors, and
transitioning to economic growth in an environmentally sustainable way. Unfortunately, the
military aggression of the russian federation against Ukraine is one of the significant factors
having a destructive impact on the development of the ICS and other industries at the regional
and national levels because of deaths, wounds and forced internal and external migration of
the population, suspension of business, damage or destruction of enterprises, disruption of
logistics and restrictions on electricity supply. Given these facts, it is crucial to assess the
spatial structural changes in the ICS to achieve the goals of sustainable development and
post-war reconstruction of the creative economy in Ukraine.

Analysis of latest research works and publications. The definition of the position and
role of the ICS in the processes to form the creative economy, its contribution to the
enhancing of structural changes in the national economy and implementing the SDGs is
complex and broad. The contributions of the creative industries to the support and
development of the Austrian innovation economy are assessed both from the standpoint of
the producer of innovations and the user of new technologies, especially information and
communication technologies, and the innovation policy measures to promote microfirms are
recommended [1]. The researchers compared the contribution of ICTs to the forming of the
sustainable economic development by analysing the relationship between network readiness,
global competitiveness and the share of this sector in the EU member states [2]. The
theoretical framework for the efficiency of policy to stimulate and finance innovation in the
creative industries is elaborated and some of its conclusions are empirically tested based on
data from OECD countries (2000-2013), demonstrating that such policy actually leads to a
declining equilibrium level of innovation, bank confidence and network externalities in a low
Nash equilibrium [3]. From the standpoint of the dynamic growth of the creative economy,
the researchers have substantiated a set of promising product and spatial models of
international specialisation of creative production in the countries of Central and Eastern
Europe and have determined their current positioning in the structure of international
specialisation of the EU 28 (+3) [4].

Sustainable development for creative economies is explored not only in terms of the use
of natural resources and environmental issues, but also in terms of the shortage of intangible
resources and goods, such as ideas, freedom of thought, leadership, tolerance, quality of
education, and the impact of local authorities on the sustainability of such economies is
assessed [5]. This paper examines how the structure and agent are changed during the
transformation of Porto Digital, which is an urban local ICT production cluster in the
metropolitan region of Recife (Brazil), into a creative economy pole called Portomidia [6].
Given the comparison of the creativity and sustainable development indices in the Baltic
countries, the current state of implementation of the creative economy and progress in
achieving the SDGs have been assessed, and several recommendations for the policy of
promoting the development of civil society and creative hubs, and implementing the strategy
of the digital single market have been worked out [7]. Because of the comparative analysis
of three UNESCO approaches to culture as a unique dimension, driver and factor of
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sustainable development, the position of culture and cultural factors in the United Nations
sustainable development agenda is clarified and expanded [8].

At the theoretical and methodological level, the author has identified the major trends
in how the ICT sector influences the production of public goods, assessed the features of
structural changes in the ICS, and analysed the priority directions of the ICT sector
development, in terms of its contribution to the formation of the EU’s creative economy [9;
11; 15]. Using the calculation of the dynamics of structural changes, the paper also has shown
the slowness of shifts and significant interregional differentiation in the Ukrainian economy,
which hinders the implementing of the sustainable development model in the following
priority fields: increasing the share of high-tech production, telecommunications, financial
and business services, and socially oriented activities [10]. A quantitative analysis of creative
activity in the EU and Ukraine has been carried out, which allowed to identify growth criteria,
principles and priorities of state policy aiming at the recovery of the Ukrainian economy [12].

For a 140-country panel covering the 2001-2019 period, the results revealed a positive
impact of ICTs on the sustainable development, although this depends on the choice of ICTs
assessment method, geographical location of the country, and income group category [13].
Based on statistics from 24 OECD countries over 40 years (1980-2019), the benefits of using
ICTs to ensure environmental sustainability are explained and the mechanisms through which
this takes place are examined — education, transport, quality of institutions, and foreign direct
investment [14]. An agenda for post-war recovery of Ukraine, including digitalisation,
structural modernisation, comprehensive integration and ICT development, was presented at
the Lugano conference in 2022 and an official website was launched [16; 17]. Although the
research findings of the previous papers are scientifically valuable, there are still some issues
to be examined considering strengthening the position of the ICS as a part of Ukraine’s
creative economy and assessing its role in implementing sustainable development and post-
war reconstruction.

The purpose of the paper is to identify the key trends in the functioning of the ICS in
the creative economy and to explore its contribution to sustainable development and post-
war reconstruction of Ukraine. To achieve this goal, it applies to use the following scientific
and methodological approach: to analyse the key social and economic indicators of Ukraine’s
ICS by type of economic activity; to compare the features of structural changes in the ICS by
regions using the index of regional specialisation (Krugman index), the Herfindahl regional
specialisation index and absolute Theil index; to identify the structure of interrelations
impacting the spatial expansion of the ICS by specifying the parameters of a simultaneous
equations model. It is necessary to develop a set of scientific and practical recommendations
concerned with enhancing the position of the ICS to facilitate the growth of the creative
economy, to ensure the achievement of the SDGs and to recover Ukraine’s post-war
economy.

Methods. Obviously, this involves using a set of scientific methods, including induction
and deduction, comparative spatial analysis, synthesis, and simultaneous equations
modelling. In Ukraine, the classification of the type of economic activities related to the ICS
is based on the KVED-2010 (section “Information and Telecommunication”) [18], which
corresponds to NACE Rev. 2a. [19] in the EU countries. The difference exists in the ways
we translate the English word “communication”, which in Ukraine is interpreted as
“telecommunication”. In this paper, we would like to use the word “communication”, which
is etymologically more consistent with the English equivalent of this noun. Ukraine has
approved a list of economic activities focusing specially on creative industries [20],
according to which the chief KVED-2010 codes for the ICS (except the section 61
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“Telecommunications”, which is an infrastructure component) are included in these
industries. The following key indicators will assess structural changes in the ICS by the
Ukrainian regions [21; 22]:

- index of regional specialisation (Krugman index) r (CS,):
CS, = izl — Iil, 0<SC <2(1-1) (1

where [, = Liy / L= Lir /Zi L, the share of industry 7 in the total employment in

the region #;
1; — the share of the same industry in the total employment in the referent economy as a
whole;
I L* = minil i

- the Herfindahl Regional Specialisation Index (Hr)

Hy = 31, (1y)?, 1 <H <1 )
A
- absolute Theil index (T )
TA = 15hy i In (17) =Y L. In(I*1,), O0<TA<Inl 3)
1 1

Presentation of principal material of the research. In 2010-2021, given the dynamics
of relative social and economic indicators, the growth of the ICS in the creative economy and
its expanding role in the modernisation of Ukraine’s sectoral structure were showed (Table
1). In fact, in 2021, compared to 2010, the share of active business entities in the ICS has
grown 5.7 times and, in 2021, it was nearly 1/7 of the total number of such entities in our
country. In 2014, due to the invasion of Ukraine by the russian federation and the economic
crisis caused by these circumstances, the share of active business entities in the ICS declined
slightly, but then returned to growing. This indirectly shows the ability of the ICS to respond
quickly to an unfavourable social and economic environment. The leading factors were the
widespread use of digital technologies among households, firms, and the state, business
deregulation reform, and changes in the tax system. This is an indicator of the expansion of
the creative economy in Ukraine and steps to promote the implementation of the SDGs. In
particular, the assignment for 2020 stipulates that, according to the target 9.6.1, the level of
Internet coverage should exceed 50 subscribers per 100 inhabitants, which was achieved [23].

In the fields of publishing activities, programming and broadcasting activities, the share
of active business entities in Ukraine showed a downward trend in 2010-2021 (Table 1). In
our point of view, the chief reasons could include changes in demand for goods in these types
of activity because of the development of ICTs, growing competition, and the lack of an
effective framework to protect copyright and intellectual property, especially on the Internet.
In the motion picture, video and television programme production, sound recording and
music publishing activities, computer programming, consultancy and related activities,
information service activities, the trends were the opposite — the share of active business
entities has been gradually increasing during the period. These effects were driven by
government support programmes aimed at developing those subsectors, including sanctions
and the wider use of the Ukrainian language in the public space, growing demand for
information services, the spread of the Internet and the increasing level of digital literacy.
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Table 1
Major indicators of the social and economic development of the ICS in Ukraine
Personnel costs of Value | Number of
Number cr, .% of t!1e total, Turnover | business entities, % of | added at the
of including
Type of economic active of ) the total factor employed
activity Year BE, % Clinin| CIin el})}erlt{rlses, wages | social costs O.f at .
of the | Total |tangible|intangible o of the Total| and |security enteor prise elll)terprlses,
total* assets assets total salaries| costs s, % of % of the
the total total
2010 2.563 1.977 2.586
2014 | 5918 |4.552| 3.156 1.396 2.293 3.626( 3.740 | 3.303 3.929 3.400
Information and 2015 | 5.882 [10.727| 4.785 5.943 2.475 3.678( 3.809 | 3.277 4.088 3.302
communication, 2018 | 9.492 |6.301 | 2.734 3.567 2.697 3.434| 3.513 | 3.062 4.927 3.829
including 2019 | 10.617 | 4.054 | 2.498 1.556 3.122 3.317( 3.372 | 3.056 5.157 4.048
2020 | 11.866 | 5.607 | 3.309 2.298 3.504 3.482| 3.553 | 3.143 5.647 4.233
2021 | 14.524 [ 4.429 | 2.623 1.806 3.468 3.422| 3.482 | 3.139 4.827
2010 | 0.551 0.228 0.450
2014 0.493 10.045| 0.034 0.012 0.150 0.312| 0.314 | 0.306 0.213 0.376
publishing 2015] 0.434 |0.066 | 0.053 0.013 0.134 0.279( 0.278 | 0.283 0.201 0.333
activities 2018 | 0.426 |0.033 | 0.022 0.011 0.121 0.222( 0.221 | 0.224 0.172 0.279
2019] 0.431 ]0.028 | 0.022 0.006 0.120 0.210{ 0.208 | 0.219 0.170 0.274
2020 | 0.445 0.022 | 0.014 0.008 0.120 0.196( 0.194 | 0.201 0.155 0.254
2021 ] 0.464 |0.033 | 0.024 0.009 0.111 0.196] 0.194 | 0.205 0.258
motion picture, 2010] 0.169 | ... 0270 | .. | ... 0.200
video and television| 2014 | 0.139 ] 0.119 [ 0.105 0.014 0.077 0.171{ 0.173 | 0.166 0.136 0.143
programme 2015] 0.157 10.113 | 0.102 0.011 0.078 0.165[ 0.167 | 0.158 0.122 0.139
production, sound | 2018 | 0.197 | 0.211 [ 0.157 0.054 0.111 0.186( 0.187 | 0.182 0.241 0.180
recording and 2019 | 0.225 [0.272 | 0.195 0.077 0.143 0.215[ 0.216 | 0.209 0.294 0.205
music publishing 2020 | 0.240 |0.186 | 0.110 0.076 0.120 0.255[ 0.263 | 0.219 0.231 0.196
activities 2021 | 0.271 |0.168 | 0.120 0.047 0.121 0.246( 0.250 | 0.229 0.214
2010] 0.123 0.073 0.128
2014 | 0.063 |0.869 | 0.105 0.764 0.138 0.282| 0.288 | 0.263 0.348 0.170
programming and | 2015 | 0.065 |0.875| 0.110 0.765 0.104 0.308( 0.311 | 0.299 0.303 0.190
broadcasting 2018 | 0.063 |0.758 | 0.070 0.688 0.100 0.337[ 0.340 | 0.321 0.327 0.225
activities 2019 | 0.061 |0.811 | 0.056 0.755 0.127 0.330{ 0.330 | 0.332 0.372 0.198
2020 | 0.056 |1.081 | 0.064 1.017 0.107 0.299( 0.299 | 0.297 0.320 0.177
2021 ] 0.054 |0.958 | 0.086 0.873 0.092 0.300{ 0.303 | 0.285 0.172
2010 | 0.198 1.055 1.136
2014 ] 0.159 [3.136 | 2.613 0.523 0.981 1.696| 1.743 | 1.562 1.910 1.006
2015] 0.166 |9.151 | 4.152 4.999 0.846 1.520( 1.549 | 1.434 1.955 0.863
telecommunications| 2018 | 0.219 | 4.523 [ 1.938 2.585 0.611 1.074{ 1.095 | 0.975 1.515 0.642
2019 ] 0.216 [2.243 | 1.695 0.548 0.662 0.988( 1.006 | 0.900 1.426 0.590
2020 | 0.211 |3.585| 2.541 1.044 0.706 0.994( 1.011 | 0.910 1.555 0.563
2021 ] 0.199 [2.449| 1.834 0.615 0.593 0.925[ 0.944 | 0.836 0.523
2010 0.999 0.210 0.407
2014 | 4.049 [0.243 | 0.203 0.040 0.751 0.807( 0.856 | 0.669 1.045 1.272
computer 2015 | 4.034 [0317] 0.249 [ 0.068 1.067 [1.033] 1.122 | 0.760 | 1.188 1.323
programming, 2018 | 7.016 |0.527 | 0399 | 0.127 1426 [1.065] 1.113 | 0.844 | 2.052 1.901
consultancy and
related activities 2019 | 7.918 |0.501 | 0.409 0.092 1.686 1.079( 1.112 | 0.925 2214 2.136
2020 | 8.934 |0.573 | 0.488 0.085 2.015 1.208[ 1.250 | 1.010 2.653 2.369
2021 | 11.115 [ 0.592 | 0.456 0.137 2.090 1.177{ 1.209 | 1.026 2.844
2010 ] 0.523 0.141 0.264
2014 | 1.014 |0.140 | 0.097 0.044 0.197 0.358] 0.366 | 0.338 0.277 0.432
information service 2015] 1.025 [0.205| 0.118 0.087 0.246 0.372| 0.382 | 0.343 0.320 0.453
activities 2018 | 1.572 10.248 | 0.147 0.100 0.328 0.550{ 0.557 | 0.516 0.619 0.602
2019 1.766 |0.199 | 0.121 0.077 0.384 0.495[ 0.500 | 0.473 0.681 0.645
2020 | 1.980 |0.160 | 0.092 0.068 0.436 0.530{ 0.536 | 0.506 0.733 0.675
2021 ] 2.421 0.228 | 0.103 0.125 0.461 0.578] 0.582 | 0.558 0.815

* BE — business entities; CI — capital investment. Source: calculated based on [22]

In 2010-2021, other social and economic indicators of Ukraine’s ICS did not show high
growth rates (Table 1). In this period, the change in the structure of capital investments



8 B Marianna Kichurchak
ISSN 2078-5860. @OPMYBAHHA PUHKOBOI EKOHOMIKH B YKPAIHI. 2023. Bun. 49

concerning the ICS was fluctuating, with the highest share in 2015 and the lowest in 2019.
In terms of the types of capital investment in the sector, investments in tangible assets are
leading. The only exception is activities in programming and broadcasting, where licensing,
branding, copyright and related rights protection are crucial. This implicitly shows the
sensitivity of the capital investments in the ICS to the current social and economic situation
in the country, which is due to the existence of exogenous and endogenous risks. One of the
obvious consequences of this may be a slowdown in the development of the creative economy
in Ukraine. The state of investment in the ICS for the target 8.6 [23] means that the formation
of institutional and financial opportunities fostering self-realisation of the creative potential
of the economically active population has contradictory trends.

In terms of structure, the largest share of capital investment in Ukraine’s ICS is in the
telecommunications (Table 1). It is expected that the key factors were the processes of
integration into the global information society, activities to expand the telecommunications
infrastructure to ensure the access to services in rural and mountainous regions of the country
(which is in line with targets 4.7 and 9.6 of the SDGs), and the need to upgrade
technologically the network. In the Ukrainian ICS, programming and broadcasting activities
are also an investment-intensive sector. If in 2014-2019, the share of capital investment in
this sector was 0.8—0.9% of the total, in 2020-2021 it was already 1.0—1.1%. This was driven
by changes in the current legislation caused by the requirements to increase the volume of
national audio-visual products and broadcasting in the state language, quarantine restrictions,
and demand on national media products. In 2010-2021, the growth trend in the share of
capital investment was 2.4 times higher in the computer programming, consultancy and
related activities. This was supported by digital reforms in the education, healthcare, public
administration, and other economic activities, as well as the expansion of IT-services exports.
In 2010-2021, the structure of capital investment in other types of economic activity in the
ICS was affected by the state priorities concerning the support of the specific subsectors, the
market situation, and consumer preferences. Given the development of the creative economy
and achievement of the SDGs in Ukraine, this means that the economic growth depends on
the directions and priorities of investment in these types of economic activities of the ICS.

In 20102021, the structure of the volume of the turnover of enterprises in the ICS
indicates an increasing contribution of this sector to the development of the creative economy
in Ukraine (Table 1). During this period, the share of the turnover of enterprises in the
Ukrainian ICS grew by 1.75 times. In other words, the positive dynamics of the structure of
the turnover of enterprises in the ICS demonstrates a steady growth in demand for the sector’s
goods both in the domestic and foreign markets. This has been encouraged by government
policies aimed at actively introducing digital technologies into various types of economic
activity, improving the quality of information and communication services and their price
affordability, and the impact of integration and globalisation processes related to the spread
of social networks and the development of the digital business ecosystem. In these years, the
ICS of Ukraine also showed a decline in the share of the turnover of enterprises: it fell by 2.1
times in publishing activities, motion picture, video and television programme production,
sound recording and music publishing activities and by 1.9 times in telecommunications. In
2020-2021, this share increased 9.9 times in the computer programming, consultancy and
related activities, 3.3 times in the information service activities, and 1.3 times in the
programming and broadcasting activities. Actually, these subsectors have become the drivers
of economic growth in Ukraine’s ICS. As a result, the development of these sub-sectors had
a positive impact on the formation of the creative economy and the achievement of the SDGs
in our country before the war.
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In 2014-2020, it also strengthened the position of the ICS in the creative economy of
Ukraine in terms of the indicator of value added at factor costs of enterprises (Table 1). Given
that the ICS is focused on the production of goods with a high added value, this also implies
its importance to achieve target 9.4 of the SDGs [23] and to contribute to the competitiveness
of business entities. In these years, the situation with the structure of value added at factor
costs of enterprises in some types of economic activity in the Ukrainian ICS has been
positive, while others have been negative. To illustrate, the computer programming,
consultancy and related activities, information service activities, as well as the motion
picture, video and television programme production, sound recording and music publishing
activities are among the economic activities which have improved the structure of their value
added at factor costs of enterprises and strengthened their position in Ukraine’s creative
economy. At the national level, the key factors behind this were changes in the taxation
system and implementing objectives in regional development strategies aimed at creating and
operating IT and creative clusters.

In 2010-2020, the positive trends in the development of Ukraine’s ICS by indicators
such as value added at factor costs of enterprises, volume of turnover of enterprises, and
number of active business entities impacted the structure of employed workers, but because
of the COVID-19 pandemic, their share slightly reduced in 2021 (Table 1). In this period, the
share of employed workers in publishing activities and telecommunications declined
gradually, mostly due to changes in labour productivity and the transformation of demand
for their products; in programming and broadcasting activities, the share of employed
workers remained almost unchanged given the specifics of production and service delivery
technologies; in motion picture, video and television programme production, sound recording
and music publishing activities, the share of the employed at enterprises continued to increase
because of the growing demand for national cultural products; in computer programming,
consultancy and related activities, information service activities, the share of employed
workers also showed an increase due to the digitalisation process and its integration into
various types of economic practice. Consequently, this contributed to the formation of the
labour market in the creative economy of Ukraine, with some types of employment showing
a shortage and increased competition, while others demonstrated an additional demand for
one vacancy. In a nutshell, computer programming, consultancy and related activities,
information service activities are the key drivers of employment growth in Ukraine’s creative
economy, with the best results in 2021 during the COVID-19 pandemic.

In 2010-2020, the contribution of the ICS to the growth of Ukraine’s creative economy
in was relatively stable in terms of the share of personnel costs of business entities (Table 1).
Wages and salaries and social security costs in the total amount were virtually unchanged,
apart from computer programming, consultancy and related activities, information service
activities. This, given the trends in employment in the ICS, shows that there are trends
towards reducing staff costs, focusing on increasing labour productivity, outsourcing and
self-employment. In the ICS, labour productivity grew (target 8.2 of the SDGs), which is
7.5% higher than in the Ukrainian economy [calculated based on 23]. In other words, this
means that before the war, the ICS of Ukraine was actively involved in raising production
efficiency based on sustainable development and the development of high-tech competitive
industries.

Thus, the analysis of the key social and economic indicators of the ICS for the period
2010 to 2021 shows that this sector has taken the lead in the development of the creative
economy in Ukraine. Before the war, the ICS was actively involved in modernising the
structure of the national economy in terms of increasing the production of high value added
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goods and creating new workplaces. It also has had a positive impact on the achievement of
the SDGs. Given the need for Ukraine’s post-war recovery, the ICS may become one of the
crucial drivers of the creative economy’s growth because of its ability to adapt quickly to
unfavourable economic conditions.

The key trends in the structural changes in Ukraine’s ICS at the regional level, calculated
based on formulas (1), (2) and (3), show different speeds in 2014-2020 (Table 2). With the
Krugman index, the impact of the ICS on the structure of employment in the regions is not
significant; the values of the index in most of the regions of Ukraine were close to the values
for 2014, except for Volyn, Zakarpattya, Rivne, and Kharkiv regions. Changes in the
structure of employment in the ICS by region of Ukraine depend on the demographic
situation, the wide network of educational institutions and the system of training/advanced
training for this sector, regional policy and investment priorities. We consider that
strengthening the impact of the ICS on the post-war recovery of Ukraine’s creative economy
and achievement of the SDGs will depend on efforts to stimulate employment in this sector,
aimed at resuming entrepreneurial activity in the regions.

In 2014-2020, the dynamics of structural changes in the ICS according to the Herfindahl
regional specialisation index confirmed their occurrence in all regions of Ukraine (Table 2).
However, spatial specialisation shows a low level of concentration of the ICS in the regions
of Ukraine, with Lviv and Kharkiv regions and the city of Kyiv as the leaders of change. The
assessment of structural changes in the ICS by region of Ukraine based on the analysed index
proved that this type of economic activity was promising before the war, although it needs
support from local authorities. From the standpoint of sustainable development, competitive
advantages are being increased and conditions to train and attract highly skilled human
resources are being created. With the creative economy, positive changes in the structure of
employment in the ICS due to the Herfindahl regional specialisation index additionally show
the potential for its spatial growth in Ukraine. Faced with the ongoing war in Ukraine, there
are risks of a deterioration in the spatial structure of employment in the ICS because of the
growing internal and external migration and brain drain among young people.

Table 2
Structural changes in the ICS by regions of Ukraine in 20142020
The Herfindahl-
Regon | o e | Abslute Thsindes
index

2014 | 2017 | 2019 | 2020 | 2014 [2017]2019[2020]2014 /201720192020
0.0108 {0.0083{0.0100|0.0093|0.0002 0.0010.0010.00)0.0510.071 0.0710.07

Vinnytsya 03 | 04 | 05 ] 68 | 15 | 47 | 81

0.00 { 0.00 | 0.00 [ 0.04 | 0.04 | 0.05 | 0.06
Volyn 0.0197 [0.0151{0.0207 {0.0231 |{0.0000 01 | o1 102160l 46| 39| 51
Dnipropetro 0.00 | 0.00 | 0.00 [ 0.06 | 0.07 | 0.08 | 0.08
vsk 0.0171 |0.0153(0.0141 (0.0151 {0.0001 02 |03l 03]49 |8 | 16! 19

0.0202 [0.01880.0094 | 0.0089|0.0000 0.0010.00 1000 0.0410.05 0.03 10.03

Donetsk 01 | 00 | 00 | 46 | 24 | 34 | 41
0.00 | 0.00 | 0.00 | 0.05|0.05(0.07|0.07
Zhytomyr 0.0133 |0.0118{0.0123{0.0129 {0.0001 02 | 0310312850/ 04l 21

0.00 [ 0.00 | 0.00 | 0.03 | 0.05|0.05|0.05
Zakarpatiya 0.0121 [0.0157{0.0164 |{0.0165 |0.0000 01 | o1 10213561 04|38 | 64

Zaporizhzhy 0.00 | 0.000.00|0.06 | 0.06 | 0.07 | 0.08
a 0.0180 [{0.0133]0.0111{0.01420.0001 2l 03l g |6l 53| a5
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;Vrz?i;vsk 0.0164 0.0125|0.01520.0141 | 0.0001 0(‘)20 0(‘)20 0(‘)30 0;3‘5 0336 0;;7 0338
Kyiv 0.0190 |0.0133|0.0107 | 0.0086 | 0.0001 0(.)(;0 0(‘)30 0(‘)20 0;3‘5 Og 06(;8 0;39
Kirovograd | 00181 [0.01450.0188|0.015410.0000 0(.)(;0 0(')%0 0(')%0 0;;4 0326 04(;7 Oi?
Luhansk 0.0191 [0.00750.0049 | 0.0037 | 0.0001 0(‘)%0 0(‘)%0 0(‘)%0 0624 0;;2 05.(;2 0£1

0.00|0.00|0.00]0.09|0.10(0.10 | 0.10
Lviv 0.0249 {0.0210{0.0209|0.0230|0.0008 00| 131171961 09| 43| 92

0.00 | 0.00 | 0.00 [ 0.07 | 0.06 | 0.07 | 0.08
Mykolayiv 0.0163 [0.0113{0.0081 {0.0097 | 0.0002 04 loslo7 1121978 | 13

0.0077 {0.0057{0.0078|0.0058|0.0002 0.0010.00710.00 1 0.090.0910.091 0.09

Odesa 03 | 04 ] 06|05 |64 | 60|97
0.00 | 0.00|0.00]0.04|0.040.07 | 0.06
Poltava 0.0205 [0.0195]0.0210{0.0179]0.0000 01 | o1 10214498/ 00! 69

0.0128 [0.0111{0.0138{0.0149 |{0.0000 0.0010.0010.000.0310.030.06 1 0.07

Rivne 00 | 03 | 03 | 34 | 20 | 85 | 03
0.00 {0.00 | 0.00 [ 0.04 | 0.05|0.07|0.07
Sumy 0.0186 [0.0159]0.0199|0.01820.0001 01 | 021031811701 01| 54
0.00 | 0.00]0.00|0.05|0.05(0.06|0.07
Ternopil 0.0219 {0.0103{0.0130|0.0158 |0.0001 01 1 02 103|721 355/ 51| 28

0.0278 [0.0294{0.0319{0.0337{0.0009 0.0010.0010.00)0.10710.1040.1110.11

Kharkiv 1319 2307 |57 12]37
Kherson 0.0175 [0.01450.0183 | 0.0158 |0.0001 0(‘30 0(‘)20 0(‘)20 0;;6 Oi(? 0;;7 0;3‘6
yKhmeanSki 0.0225 [0.0203 |0.0167 | 0.0199 |0.0000 0(‘)(10 0(‘)(10 0(‘)20 0(‘)(15 Oi(? 0;;4 0(‘)(16
Cherkasy | 00154 |0.0117]0.0104|0.0099 0.0001 0(')%0 0(')30 0(')20 0624 0326 03%7 0;;7
Chermivis | 0-0159 [0.0114/0.0117]0.0140{0.0001 0(‘30 0(‘)20 0(‘)20 oi(;7 oé(;4 0(‘)%6 0;27
Chermihiy | 0-0159 |0.00770.0132]0.01280.0001 0(‘)20 0(‘)20 0(‘)30 05(;6 Oi? 0&26 0@7
city of Kyiy | 0-0564 |0.0378]0.0358| 0.0338 0.0025 oi(;o oi(;o oi(;o %8 0;67 0(')138 %7

Source: calculated based on [24]

In 2014-2020, it fixes positive trends in the structure of the ICS based on the absolute
Theil index in all regions of Ukraine, except for Luhansk and Donetsk regions. Regional
features include the uneven transformation of the employment structure in the ICS and its
variability by this index. In Kyiv, the value of this index has changed little, and it is the
highest among the regions of Ukraine. Therefore, the ICS has a positive impact on the spatial
development of Ukraine’s creative economy and structural changes in the regions, fostering
favourable conditions for their adaptation to innovation. At the same time, the intensity of
spatial changes varies. This is because of differences in regional sectoral specialisation,
objectives, priorities and tasks of regional policy, the level of urbanisation of the territory and
the location of business entities.

The hostilities strengthen the risks of uneven development of the ICS in different regions
of Ukraine due to disparities in working conditions, access to energy supply and the duration
of shelling, etc. During the war the ICS can survive, the financial result before taxation of
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large and medium-sized enterprises in this sector in January-September 2022 was positive,
with 62.3% of enterprises making a profit and 37.7% making a loss, while in Ukraine the
figures were 59.5% and 40.5%, respectively [24]. This is a favourable impulse to further
develop the creative economy and achieve the SDGs in Ukraine, as the ICS focuses on
producing high value-added goods, improving production efficiency, creating institutional
and financial opportunities to promote the creative potential of the employed population,
especially young people, and using the “education-science-production” chains.

To develop proposals concerning the growth of the creative economy, implementing the
SDGs and the post-war reconstruction of Ukraine’s economy, it is necessary to identify the
complex cause-and-effect relationships which affect the functioning of the ICS by region.
Let the following dependent variables of a simultaneous model characterise the activity of
ICS: Y}, — value added at factor costs of enterprises in the ICS by region, UAH thsd.; Y2 —
number of active business entities in the ICS by region, units; Y3 — number of the employed
at enterprises, persons; Yy — structure of services exports of the ICS by region, USD thsd.
The independent variables of the ICS are: X;; — profit before taxation of enterprises in the
ICS by region, UAH thsd.; X»— structure of services imports of the ICS by region, % of the
total; X3, — capital investment in the ICS, % of GDP; X4 — internal current expenditures on
R&D in the ICS by region, conducted by scientific organisations, UAH thsd.; Xs5; — gross
regional product (GRP), % of the total.

In a general statement, a simultaneous model of the ICS, which describes the structure
of relationships between exogenous and endogenous variables, is represented by the
following regression equations:

Yie=an*Xic+ an®*Xo + bio*Yo +bi3* Yt aio + &t @)
Yo = a2 * X+ a25*Xse + ba1 ¥Y 1 b3 * Y3t azo + €2 )
Y = a3 X+ a33* X3¢ + b3 *Y 3 +baa*Yat azo + €3¢ ©)
Yae = 3% X5+ aa®Xag + baa™ Yo +bas™ Yt ago + €4 @)

where ajo, a2, a30, as0 — intercept parameters; ai1, aiz, az1, azs, a3, a33, a43, a4, b12, b13,

b21, b23, b31, b34, b42, b43 — Slope parameters; €1t, €2, &3, €4t — EITOr terms (OI‘
disturbances).

In the reduced form, equations (4)—(7) can express in terms of the exogenous variables
Xt and the error terms e1; and can write as:

Y= m ¥ X+ ¥ Xo + mi* X + mia* X + mis* Xs + wio + vie 8)
Yo = o1 ¥ X+ T * Ko + 123 ¥ X + m2a* X + 25 Xse + 20 + v 9)
Y= 131 ¥ X+ w3 * Ko + m33* X + m3a* X + 1355 X + w30 + V3t (10)
Y = a1 ¥ X+ ma* KXo + ma3* X + maa* X + a5 Xse + a0 + vae (1D

where m;; — reduced form parameters; v i — reduced form errors; i=1,4;j=1,5.

The simultaneous equations model (4)—(7) can be written in a tabular form (Table 3) to
check its identification, the matrix ranks for each equation are equal to 3. In terms of the
order condition, all equations of the simultaneous model are just identified ones. To estimate
the unknown parameters of equations (4)—(7), we use the method of two-stage least squares
(2SLS or TSLS). However, this method is developed to estimate the parameters of over-
identified equations, it can also estimate the structural parameters of just identified equations.
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Table 3
Conditions for the identification of simultaneous equations
The Number of I\Ii:llgz(elz(;)f
number The excluded endogenous Statement of
of the intercept |Y1t|Y2t|Y3t|Y4t|X1t|X2t|X3t|X4t|X5t|exogenous arigables possible
equation, | parameter variables, M identification
. . reduced by
i K-xi .
1, mi-1
) al0 1 [b12|b13] 0 |at1fa12| 0 | 0 | 0 2 2 Just identified
equation
) a20 [b21] 1 |623] 0 [a21] 0 | 0 | 0 |a25| 2 2 Just identified
equation
(6) 230  |b31] 0 | 1 [b34]| 0 |a32]a33] 0 | 0 2 2 Just identified
equation
%) a40 0 [b42[b43| 1| 0 | 0 |a43ad4]| 0 2 2 Just identified
equation

Source: constructed by the author

The simultaneous model of the ICS by regions of Ukraine would include the following

equation:

Y =3,919%X;, + 827530,017* X5, + 346,281 %Y, — 88,641*Y3,— 373028,847 (12)
Y2 =-0,006*X;; + 502,905* X5, + 0,0016*Y;, + 0,123*Y3,+ 1110,423
Y5 =-11291,450%X,, + 943331,224* X3, + 0,0009* Y}, + 0,064* Y, + 3993,066 (14)

Y4 =-4303701,423*X3, 4+ 0,025% Xy, — 6,678* Y2 + 13,056*Y3; — 34004,294

(13)
(15)

Every regression equation is adequate with the Fisher’s criterion and the Student’s t-
test, and there is no first-order autocorrelation given the Durbin-Watson test (Table 4). In
terms of the identified structural parameters of the simultaneous equations model of the ICS
by regions of Ukraine, it is possible to interpret it in the following way.

Table 4
The simultaneous equations model and reporting regression results
H o,
Variables Intelsspz and Standard « Confidence interval, 95 % DW,
P error* | statistic low-level high-level 99 %
parameters
Y1-meet -373028.847 | 127278.838 | 2.931 -622495.369 -123562.325 1.914
variable Y2 346.281 33.134 10.451 281.339 411.222
variable Y3 -88.641 22.190 -3.994 -132.134 -45.148 dI=1.633
variable x1 3.919 0.074 53.287 3.775 4.063 du=1.715
variable x2 | 827530.017 | 266491.017 | 3.105 305207.624 1349852.409
Regression statistics Analysis of variance
R 0.9971 df SS MS F
R2 0.9941 Regression 4 42490445437673300 | 10622611359418300 | 7187.530
Normalized .
R2 0.9940 Residual 170 251246814452579 1477922437956
:’rtf;iird 1215698.333 | Total 174 | 42741692252125900
Y2-meet 1110423 386.846 2.870 352.204 1868.642 2.056
variable Y1 0.0016 0.0001 11.580 0.0013 0.0018
variable Y3 0.123 0.0333 3.679 0.057 0.188 dI=1.633
variable x1 -0.006 0.001 -10.706 -0.007 -0.005 du=1.715
variable x5 502.905 145.568 3.455 217.591 788.219
Regression statistics Analysis of variance
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R 0.9517 df SS MS F
R2 0.9057 | Regression | 4 13678663675 3419665919 407.996
Eg‘mahzed 0.9030 Residual 170 1424876217 2381625
Standard 2895.104 Total 174 15103539892
CIror
Y3-meet 3993.066 362.009 | 11.030 3283.530 4702.603 1.999
variable Y1 0.0009 0.0002 | 3.684 0.0004 0.0013
variable Y4 0.064 0.010 6.583 0.045 0.083 dI=1.633
variable X2 | -11291.450 | 2157.689 | -5.233 -15520.521 -7062.380 du=1.715
variable X3 | 943331.224 | 119824.614 | 7.873 708474.980 1178187.468

Regression statistics Analysis of variance
R 0.9882 df SS MS F
R2 0.9765 | Regression | 4 136940350249 34235087562 1762.776
Eg‘mahzed 0.9759 Residual 170 3301589943 19421117
Standard 4406.940 Total 174 140241940192
CIror
Y4-meet -34004.294 | 6040.788 | -5.629 -45844.239 -22164.349 1.736
variable Y2 -6.678 1.6859 | -3.961 9.9828 -3.374
variable Y3 13.056 0.865 15.094 11.361 14.752 dI=1.633
variable X3 _|-4303701.423 | 593984.178 | -7.245 -5467910.412 -3139492.433 du=1.715
variable X4 0.025 0.011 2.239 0.003 0.047

Regression statistics Analysis of variance
R 0.9812 df SS MS F
R2 0.9627 | Regression | 4 13237762961751 3309440740438 | 1097.117
Eg‘mahzed 0.9618 Residual 170 512803031826 3016488423
S:giird 54922.568 Total 174 13750565993577

* —the slope parameters and intercept; ** — the regression. Source: Calculated based on [24]

Given the results of calculations based on real statistical data (the equation (12)), an
increase of 1 unit in the number of active business entities in the ICS by region adds on
average value added at factor costs of enterprises in this sector by 346.281 thsd. UAH. An
increase of 1 person in the number of the employed at enterprises in the ICS by region reduces
on average value added at factor costs of enterprises in this sector by 88.641 thsd. UAH. An
increase of 1 thsd. UAH in the value of profit before taxation of enterprises in the ICS by
region leads on average to growth of the value added at factor costs of enterprises in this
sector by 3,919 thsd. UAH. Also, an increase of 1% of the total in the structure of services
imports in the ICS by region makes on average the value added at factor costs of enterprises
in this sector by region by 827530.017 thsd. UAH.

An equally important factor for the ICS by region of Ukraine is the economic activity
of economic entities (the equation (13)). For instance, growth in value added at factor costs
of enterprises in the ICS by region by 1 thsd. UAH increases on average the number of active
business entities in this sector by 0.0016 units. An increase of 1 person in the number of the
employed at enterprises in the ICS by region increases on average the number of active
business entities in this sector by 0.123 units. An increase of 1 thsd. UAH in the value of
profit before taxation of enterprises in the ICS by region reduces on average the number of
active business entities in this sector by 0.006 units on average. A 1% increase in GRP
provides an increase on average in the number of active business entities in this sector by
502.902 units.
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Certain factors influence employment in the ICS by region of Ukraine (the equation
(14)). Therefore, an increase of 1% of the total in the structure of service imports in the ICS
by region reduces the number on average of the employed at enterprises in this sector by -
11291.450 people. An increase in capital investment in the ICS by region by 1% of GDP
increases on average the number of the employed at enterprises in this sector by 943331.224
people. An increase in the value added at factor costs of business entities in the ICS by region
by 1 thsd. UAH increases on average the number of the employed at enterprises in this sector
by 0.0009 people. Growth in the structure of service exports of the ICS by region by 1 thsd.
USD increases on average the number of the employed at enterprises in this sector by 0.064
people.

Fostering service exports in the ICS is associated with the influence of a set of factors
described in equation (15). Thus, an increase in capital investment of the ICS by regions by
1% of GDP reduces on average the structure of service exports of this sector by 4303701.423
thsd. USD. The growth of internal current expenditures on R&D in the ICS by region by
UAH 1 thsd. UAH increases on average the structure of service exports in this sector by 0.025
thsd. USD. An increase in the number of active business entities in the ICS by region by 1
unit reduces on average the structure of service exports in this sector by 6.678 thsd. USD. An
increase in the number of the employed at enterprises in the ICS by 1 person increases on
average the structure of service exports in this sector by 13.056 thsd. USD.

The identified structure of the relationships between exogenous and endogenous
variables of the simultaneous model for regression equations (12)—(15) may be useful for
policymaking to strengthen the position of the creative economy and achieve the SDGs after
the war in Ukraine. In that regard, the interdependencies in the simultaneous model of the
ICS could be considered updating the Recovery Plan of Ukraine [17] in terms of the
following national programmes “Development of Value Added Sectors of the Economy” for
the IT sector, “Ensuring Competitive Access to Capital” for financing small and medium
enterprises, and adjusting the SDGs for decent work and economic growth and innovation
[23]. To do this, it is crucial to intensify entrepreneurship in the ICS in the economy of
Ukraine and its regions, stimulate exports and kerb imports of services, attract investment,
increase spending on R&D in this sector, and increase labour productivity.

Conclusions and perspectives of further research work. Therefore, in 2010-2021,
the key trends in the functioning of the ICS are strengthening its position in the creative
economy of Ukraine and in the national economy in the following indicators: the number of
active business entities, % of the total, capital investment, % of the total, turnover of
enterprises, % of the total, number of the employed at enterprises, % of the total, value added
at factor cists of enterprises, % of the total. The crucial reasons concerning the growth in the
ICS of Ukraine are the rapid development of ICT, digitalisation and widespread use of
Internet technologies, leading to the intensification of entrepreneurial activity in computer
programming, consultancy and related activities, and information service activities. This has
a positive impact on the opportunities to achieve Ukraine’s SDGs, which concerned decent
work, innovation, and economic growth. It is revealed that during the war in Ukraine, the
ICS could quickly adapt to functioning in adverse conditions. This sector belongs to one of
the few sectors of the Ukrainian economy which had a positive financial result in 2022.

Given the dynamics of structural change indices, the impact of the ICS on the
modernisation of the structure of the economy of Ukraine’s regions is gradual, but
insignificant, the intensity is different. Due to this, the development of the creative economy
in the regions of our country is slow, because of the peculiarities of spatial industrial
specialisation, urbanisation of the territory and the location of business entities. For
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sustainable development, this means that although the contribution of the ICS to achieving
its goals is not significant, it forms conditions that may improve the situation with creative
activity and the use of innovative potential of regions in Ukraine. The role of this sector in
the post-war recovery of Ukraine will be to intensify its participation in the structural
modernisation of the regional economy.

Having specified the parameters of the simultaneous equations model, the structure of
interrelations that affect the functioning of ICS by regions of Ukraine is determined. To
continue to have a positive impact of the ICS on the spatial development of the creative
economy and the achievement of the SDGs, the results show that a favourable environment
should be created at the national and regional levels during and after the war to expand the
production of the ICS products, reduce obstacles to the export of ICS services, create new
jobs, and attract investment. The determined system of regression equations for the ICS is
worth considering when elaborating economic policy in the national economy and regions of
Ukraine in terms of stimulating the development of the creative economy, implementing
measures to achieve the goals of sustainable development and post-war recovery. Improving
the solution of the simultaneous equations model of the Ukrainian ICS in the following
analyses may be associated with examining the nonlinearity of the relationships. However,
this would complicate specifying such a model and its economic interpretation. Further
research will focus on identifying the role of ICS in ensuring knowledge-based economic
development during the post-war recovery of Ukraine’s economy.
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AnoTanisg. OIHIEI0 3 BOXIMBHUX CKIAJOBUX ()OPMYBaHHS KPEaTHBHOI CKOHOMIKH,
JOCSITHEHHS LIIJIEH CTAJIOr0 PO3BUTKY Ta TOCTBOEHHOTO BiTHOBJICHHSI €EKOHOMIKH YKpaiHu Ta
ii perioHiB € po3BHTOK cekTopy iH(popmanii Ta komyHikauii (CIK). Meroro crarti €
BHU3HAUYEHHS TOJIOBHUX TeHAeHIH GyHkmionyBaHHs CIK B kpeaTHBHIN €KOHOMIIII Ta OIliHKA
HOTO 3HAYEHHS I CTAJOrO PO3BUTKY Ta TMOCTBOEHHOI BiOYIOBW YKpaiHu. ABTOpOM
MPOaHaTI30BaHO TOJIOBHI comiaibHO-eKoHOMIUHI moka3Huku CIK 3a BHgamMu ekOHOMidHOT
TSIBHOCTI, TOPIBHAHO TeMIu CTpykTypHuX 3MmiH y CIK y perioHanmeHOMY po3pi3i 3a
nmoroMororo iHgekciB Kpyrmana, perioHambnoi crnemiamizamii ['epdinmans ta Teiina,
CTBOPEHO CHUMYJIbTATUBHY MOJIENb (DYHKIIOHYBaHHS IIbOTO CEKTOpa 3a perioHaMu YKpaiHu.
Y 2010-2021 pp. Buseneno 3pocraHus BHecky CIK y po3BHUTOK KpeaTMBHOT €KOHOMIKH
Ykpainu, JOCATHEHHS LIl CTaJI0ro pO3BUTKY I EKOHOMIYHOTO 3pOCTaHHs, TiIHOT npai
Ta IHHOBaLil 3a KUIBKICTIO AiI0YHMX Cy0 €KTiB rocroaproBanHs (%o 0 3arajbHOI KUIBKOCTI),
KamiTalnbHUMH iHBecTULIsIMU (Y %0 10 3arainbHOro o0csry), 00csrom peanizoBaHol MPoIyKii
cy0’exTamu rocrojaproBatHs (% 110 3arajibHOr0 00CATY), KUIBKICTIO 3aiHSATHX MpPAL[iBHUKIB
(% mo 3aranbHOI KiNBKOCTI), JOZAHOIO BAPTICTIO 32 BUTpPaTaMH BUPOOHHUIITBA CyO’€KTiB
rocriogaproBanast (% mo 3arampHOTO 00cAry). BiliHa 3ymMOBHMIa IIBHIKY aJamTariiio
cy0’extiB rocronaptoBants y CIK Vkpaiau 10 IisSIbHOCTI B HECTIPHUATIUBUX YMOBaX, SIKi
3agepmm 2022 p. 3 mpuOyTKOM. SIK CBiI9aTh iHAEKCH pETiOHAIBHOI crieriam3alii 3mina
CTPYKTYpH €KOHOMIKH PETioHiB YKpainu, mo BinOyBaeTbes mmia BIuBoM po3BUTKY CIK, €
HE3HAYHOIO, BiIOYBAETHCSI IOCTATHHO MOBIIHHO Ta IMOCTYIIOBO Y€pe3 BiTHOCHY yCTaJICHICTh
ramy3eBoi cremianizanii. CumyneratuBHa Mmonens i CIK 3a perionamu Ykpainu
CKJIQIAETBCSL 3 YOTHPHOX PErPeCciiHO-KOPETALIHHNX PIBHSIHb, BOHH ONHCYIOTH IOJAAHY
BapTICTh 3a BHUTpAaTaMH BHUPOOHHUITBA CYO’€KTIB TOCIIOJAPIOBAHHS, KUIBKICTb IIFOYMX
Cy0’€KTIB rOCIOIAPIOBAHHS 1 3alHATHX y HHUX MPAI[iBHUKIB, CTPYKTYPY €KCIIOPTY MOCIYT y
bOMY CeKTOopi. Pe3ynbpraTi goCIiKeHHsI MOXKYTh OYyTH KOPUCHUMH AJIsl pO3POOKH 3aX0/1iB
CEKTOpabHOI HAIIOHANBHOI 1 perioHaJbHOI TONITHKH, TOB’S3aHMX 13 TOCTBOEHHUM
3poctanasM CIK Ykpainu msist 3MillHEHHS TIO3HINH KpeaTHBHOI €KOHOMIKH Ta JOCATHEHHS
IiJIeH CTaIoro PO3BUTKY.

Kurouosi ciioBa: cekrop iHpopmMmallii Ta KoOMyHikallii, iHQopMaIiitHO-KOMYHIKaIiifHi
TEXHOJIOTil, CTaluii PO3BHUTOK, PETiOHM YKpaiHW, KpeaTHBHAa EKOHOMiKa, ITOCT-BOE€HHA
BiIOYZI0Ba, PETPEeCiitHO-KOPEIAiHHII aHali3 1 CTPYKTYpPHI PiBHSHHSI.
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