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YASHIL IQTISODIYOT VA TARAQQIYOT fi\l/i'

Abstract: Export diversification plays a crucial role in today’s global world and world trade. This research is aimed at
studying the impact of digital infrastructure and renewable energy consumption on export diversification in 15 post-Soviet
countries. A fixed-effect regression model and standard errors robust against heteroskedasticity were used through panel
data. The ICT index, renewable energy consumption as a % of total energy consumption, FDI inflows as a % of GDP, and
European Union and Eurasian Economic Union memberships are used as independent variables for export diversification.

Results have shown that there is a positive and significant relationship between export diversification and digital
infrastructure. Developing the ICT sphere and making investments in the sector bring new export markets and, of course,
diversified exports of products. Also, the statistical significance of renewable energy consumption differs according to
different econometric models, the renewable energy consumption supports declining export concentration of selected
economies. These results show the importance of the integration of digital infrastructure and renewable energy in export
diversification to the countries and business owners. And, of course, it provides practical and theoretical policies for
innovations and economic integrations.

Key words: Export diversification, ICT, renewable energy, Post-Soviet countries.

Annotatsiya: Eksportni diversifikatsiya gilish bugungi global dunyo va jahon savdosida muhim o'rin tutadi. Ushbu
tadgigotning magsadi — ragamli infratuzilma va qayta tiklanuvchi energiya iste’molining 15 ta postsovet davlatida eksport
diversifikatsiyasiga ta’sirini o‘’rganishdir. Panel ma’lumotlar tahlili uchun fiksirlangan effektlar modeli va geteroskedastiklikka
chidamli standart xatoliklar ishlatildi. Eksport diversifikatsiyasining mustaqil o‘’zgaruvchilari sifatida IKT indeksi, umumiy
energiya iste’'molidagi qayta tiklanuvchi energiya ulushi, YalMga nisbatan to‘g‘ridan-to‘g‘ri xorijiy investitsiyalar ogimi
hamda Yevropa lttifogi va Yevroosiyo igtisodiy ittifogi a’zoligi go‘llanildi.

Natijalar eksport diversifikatsiyasi va ragamli infratuzilma o‘rtasida ijobiy va sezilarli bog‘liglik mavjudligini ko‘rsatdi. IKT
sohasini rivojlantirish va ushbu sektorga investitsiyalar kiritish yangi eksport bozorlarini ochadi hamda, albatta, mahsulot
eksportini diversifikatsiya giladi. Shuningdek, gayta tiklanuvchi energiya iste’molining statistik ahamiyati igtisodetrik
modellarga garab farg qgiladi, ammo qayta tiklanuvchi energiya iste’'moli ushbu davlatlarda eksportning bir yo‘nalishga
garatilish darajasini pasaytirishga yordam beradi. Bu natijalar eksport diversifikatsiyasida ragamli infratuzilma va qayta
tiklanuvchi energiyani integratsiya gilishning mamlakatlar va tadbirkorlar uchun muhimligini ko‘rsatadi. Shuningdek,
innovatsiyalar va igtisodiy integratsiya uchun amaliy va nazariy siyosiy takliflar beradi.

Kalit so‘zlar: eksport diversifikatsiyasi, IKT, qayta tiklanuvchi energiya, postsovet davlatlari.

AHHoTauus: [uBepcrdmKaLmsa 3KCnopTa urpaeT peLLatoLLLyo posib B COBPEMEHHOM rMo6anbHOM MUPE Y MYPOBOY TOPTOBIE.
Llenb gaHHOro nccnenoBaHns — U3y4nTb BNUSIHUE LMAPOBOI MHAPACTPYKTYPbl U NOTPEBNEHNS BO30OHOBNSEMOW 3HEPTN
Ha avBepcudukaLmio akcnopTa B 15 NoCTCOBETCKUX CTpaHax. [nsa aHann3a naHenbHbIX AaHHbIX MCMonb3oBanacb MOAemNb
(PUKCMPOBaHHbLIX 3OEKTOB 1 CTaHAAPTHbIE OLUMOKM, YCTOMYMBBIE K rETEpOCKEeAacTUYHOCTU. B kayecTBe HE3aBUCUMBbIX
nepeMeHHbIX AnBepcudmrKaLmMmn akcnopTa ucrnons3oBanvcb MHaekc VKT, notpebneHve Bo3obHoOBRsSiEeMon aHeprun B %
ot obuiero aHepronoTpebnenus, nputok NMUN B % ot BBI1, a Takke uneHctBo B EBponelickom coto3e 1 EBpasuickom
3KOHOMMWYECKOM COHO3E.

PesynbraTbl nokasanu MOMOXUTENbHYKD M 3HAYMMYK CBS3b MexXay [AuBepcudumKaumen 3kcnopta M LMdpoBOM
nMHppacTpykTypon. Passutne ccepbl KT 1 nHBECTULMM B Aa@HHbLIA CEKTOP OTKPbLIBAKT HOBbIE 3KCMOPTHbLIE PbIHKA U,
©e3ycnoBHO, CNocobCTBYIOT AMBEPCMAMKALIMM SKCNIOPTUPYEMON Npoaykuun. Kpome Toro, ctatucTnyeckasi 3HauMMoCTb
notpebrneHns BO30OHOBNSAEMON SHEpPrMv BapbMpyeTcsi B 3aBMCMMOCTM OT BbIOPaAHHOM 3KOHOMETPUYECKOW MOZENW,
ofHako MnoTpebrneHne BO30OHOBNSEMOM 3HEPrMM CMOCODOCTBYET CHWKEHMIO SKCMOPTHOWM KOHLIEHTpAUMK UccreayemblxX
9KOHOMMK. OTW pesynbTaTbl NMOAYEPKMBAKT BaXXHOCTb MHTErpauun LMGPOBOMA MHAPACTPYKTYPbl U BO30OHOBNSEMOM
SHeprun ans gueepcudmukaLmm 3KCnopTa, Kak ansa cTpaH, Tak u gns 6usHec-coobuectsa. Kpome Toro, nccnegosaxve
npeanaraet NpakTUYeckme U TEOPETUYECKME PEKOMEHAALMMN ANS MHHOBALUIA U SKOHOMUYECKOW MHTErpaLum.

KnioueBble crnoBa: AMBepCM(*)VIKaLWIH 9KcnopTa, VKT, Bo3o6HOBNsieMasi 3Heprua, NoCTCcoBeTCKne CTpaHbl.
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INTRODUCTION

The global economic environment is rapidly becoming digitalised, and export diversification is also
becoming increasingly important in order to develop consistently and maintain economic growth. Nowadays
countries and companies are trying to pay attention to their focus and economy in new and innovative areas
because of technological revolution and environmental demands. Although most post-Soviet Union countries
have relied upon natural resources, especially natural energy resources, these countries are making significant
changes to implement new digital infrastructure and green technologies because it is also the need of today’s
era. These actions play an important role for export diversification and increasing economic stability.

The main goal of this research is to analyse and determine digital infrastructure (ICT) and renewable
energy’s role in export diversification. Research questions are formed as follows: How much will the introduction
of ICT and renewable energy into the economy broaden the composition of export goods? Giving answers
to the above questions about regional economic diversification, digital transformation and green economy
significant strategies is intended to be studied in more depth.

The relevance of the research is that demand for digital technology and green products, specifically green
energy, is increasing significantly day by day. Such these two factors are shown to have a great potential in
stimulating export diversification in the context of the former Union of Soviet Socialist Republics (USSR). At the
same time, reducing reliance options to traditional resources and such factors are expected to play key roles in
order to increase economic sensitivity.

The main focus of this research is the impact of ICT and renewable energy on export diversification, but
FDI, R&D, and economic union memberships will not be ignored at all. Through this research, results such as
these factors’ role in order to diversify the structure of export goods and provide economic stability are proven
scientifically. Additional multidimensional analyses in this sphere and interactive effects perspectives can be
considered in the future.

General context, research problem, objectives and research scope are briefly stated in the introduction
part of this research. A detailed foundation for the methodology, results, and policy recommendation will be in
the following sections. In the next parts, the detailed role and impact of ICT and renewable energy on export
diversification and its economic significance will be analysed.

REVIEW OF LITERATURE ON THE SUBJECT

What is export diversification in the first place? Saying in one brief sentence, export diversification is
diversifying export composition. It is recognised as relevant in the formation of economic stability and new
industrial direction. Some empirical research shows that increasing export diversification has an important
effect through digitalisation and improving the ICT industry in emerging markets and countries (Gavkhar
Sultanova & Hanan Naseer, 2024). For example, Sultanova and Naseer investigated that the evolution of
ICT infrastructure has a significant effect on export composition. Besides, (Hilal Atasoy, 2021) Atasoy found
and reckoned that improving digitalisation plays an important role for increasing export sophistication. These
theoretical foundations have shown that they open new chances for the export industry.

Besides that, there are some research investigations that learnt the impact of the digital economy on
the green economy. Wang and others found a positive relationship between the digital economy and its
positive effect on the environment, including analytical results of green energy investment impact on export
diversification (Chenggang Wang, Tiansen Liu, Danli Du, Yue Zhu, Zuolong Zheng, & Hanchen Li, 2024). This
work has shown that there is a synergy between technological innovation and environmental strategies to make
sustainable exports.

Other researchers also studied the impact of ICT technologies on international trade in countries in the
MENA region (Kamel Touati & Ahmed Aljazea, 2023). They analysed strategies to improve trade volume and
product diversity through ICT impact in their work. Another study is that digitalisation’s impact on high-tech
export products using a panel data approach (Seren Ozsoy & Oylum Sehvez Ergiizel & Ahmet Yagmur Ersoy &
Metin Saygili, 2021). This reflects the positive correlation between technological innovation and export earnings.

Additional literature also provides in-depth theoretical and empirical analyses on this topic. For instance,
Ouyang and Park (2024) studied the role of innovation in export diversification within global value chains.
They have shown the positive relationship between ICT and industrial modernisation. Analysing digitalisation
and innovation processes impact on international trade results, it proved that digital transformation positively
affects export diversification. And another study investigated a positive and significant relationship between
ICT development, export diversification, and income inequality through panel regression analysis (Gavkhar
Sultanova, Rano Djuraeva & Aziza Usmanova, 2024). Chen and Zhao (2017) studied the relationship between
renewable energy and industrial transformation; they revealed how ecological innovations motivate export
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diversification. Last but not least, Martin and Lee (2016) empirically analysed the relationship between export
diversification and economic stability. They demonstrated the essential nature of economic resilience in the
global market environment. The result has shown that ICT impacts income inequality negatively. Lastly, another
piece of research is about the empirical analysis of the relationship between the digital economy and renewable
energy consumption through a panel data approach (Gavkhar Sultanova, Rano Djuraeva & Suriya Turaeva,
2022).

Overall, the existing literature has provided that both ICT and renewable energy investment play an important
role in increasing export diversification. At the same time, FDI inflow, R&D and regional integration factors such
as the EU and EAEU also have a partial impact. Through these theoretical and empirical researches, it is
shown that the role of digital and green factors in expanding the export diversification is considered important
in the process of economic transformation in post-USSR countries. Literature cited in this section serves to form
the theoretical basis of research and identify gaps in the field. In the next section, empirical results and analyses
will be covered more widely through these theoretical approaches.

RESEARCH METHODOLOGY

In this research, in order to identify impact factors on export diversification, a fixed effect (FE) regression
model was applied to panel data. The main purpose of this research is to analyse the impact factors, such
as digital infrastructure (ICT) and renewable energy consumption, on export diversification. The following
approaches were used for this:

Data

Data in this research cover economic indicators of 15 former USSR countries between 2000 and 2022.

Dependent variable: Export Diversification Index — the diversity of export composition was taken from the
UNCTAD database.

Independent variables:

ICT Index: Reflects the development of digital infrastructure was taken from the UNCTAD database.

Renewable Energy Consumption: Share of renewable energy in total energy consumption was taken from
the World Bank database.

FDI Inflow: Foreign direct investment inflow also was taken from the World Bank database.

R&D: Expenditure allocated to research and innovation as % of GDP was also taken from the World Bank
database.

Dummy variables: EU and EAEU membership are included as indicators were taken from open-source
websites.

Model specification

Using panel data individual characteristics of each country (unobserved heterogeneity) are controlled over
the time. Using panel data, the general linear-linear regression model can be expressed as:

Yi=By B, Xy i tB, XKoot B X ot ¢

Equation (1)

In this study, the dependent variable is Export Diversification, and the explanatory variables are ICT,
Renewable Energy, FDI inflow, R&D, and regional memberships (EU and EAEU). Therefore, the model is
expressed through following mathematical equation:

ExportDiversificationj= B+ B, -ICT;+ B,-RenewableEnergy, + B;-FDI; i+ B,-R&D;
+ B EUj it Bo EAEU; + 0+ ;¢

Equation (2)

i — is the country index;

t — represents a time period;

a, — individual (country) effect;

€, — error term.

Empirical methods and tests

Fixed effect model: The model was used in order to control for specific and constant factors in former
USSR countries.

Hausman test: In the regression analysis, the Hausman test was checked to identify the difference between
Fixed Effect and Random Effect models, and the Fixed Effect model was determined to be the correct choice.

Heteroskedasticity and multicollinearity: in order to identify if there is a heteroskedasticity problem, the
White test was used. And to eliminate the determined heteroskedasticity problem, robust standard errors
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(vce(robust)) were used to deal with the problem. The non-existence of multicollinearity was checked by the
VIF test. It was found that multicollinearity did not exist.

ANALYSIS AND RESULTS

According to received results from 345 observations in table 1, the average export diversification result
is 0.671 (min: 0.411, max: 0.871). This shows that the export portfolio in some countries is narrow or broad.
The ICT index average is 41.275 (min: 6.03, max: 85.75); it means that there is a significant difference in
digital infrastructure too. Environmental policy and energy strategies indicate totally different ideas that average
energy consumption is 16.2% (min: 0, max: 64.6) (Table1).

Table 1. Descriptive Statistics of data®

Variable Obs Mean Std. Dev. Min Max
diver 345 .671 A21 411 .871
ICT 345 41.275 19.518 6.03 85.75
renew_ energy 330 16.441 16.872 0 64.6
eu 345 165 372 0 1
eaeu 345 116 321 0 1
fdi inflow 345 5.245 5.935 -5.678 55.073
rd 306 495 405 .067 2.305

The ideas which were given above can be redirected to the R&D variable too. In general, economic
development, digital infrastructure, renewable energy, FDI inflow, and R&D reflect significant differences (Table

IJKOHOMMUKA ECONOMY

2).
Table 2. Matrix correlations of data?
Variables 1) (2) (3) (4) (5) (6) (7)

F (1) diver 1.000
g 2)I1cT -0.571 1.000
— (3) renew_energy -0.140 0.002 1.000
D (4)eu -0.771 0.518 0.361 1.000 —
O (5) eaeu 0.093 0.299 -0.160 -0.173 1.000 —
c’i) (6) fdi_inflow 0.091 -0.119 -0.028 0.036 -0.145 1.000 —
F (7)rd -0.755 0.447 -0.068 0.562 -0.085 -0.032 1.000
-
_— 1 Source: Author’s calculation through Stata

2 Source: Author’s calculation through Stata
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In Table 2, the correlation of variables is shown. Based on results, some variables are negatively correlated
with the export diversification index, which is considered a good result. The reason is that the closer the export
diversification index is to zero, the more diversified the country’s exports can be; otherwise, we can consider
exports concentrated. Especially, ICT (-0.571) and renewable energy (-0.140) variables are negatively correlated
with the diversification index, their increase effect decreasing the index of diversification. FDI inflow (0.091) and
EAEU (0.093) variables have a positive correlation with the diversification index, which was expected to be
minus, but they have a very low correlation. The last one is the R&D (-0.755) index, which has a negatively
significant correlation, which is considered a positive result. Overall, there is no strong multicollinearity among
the independent variables, which are indicated by the results (Figure 1).

a

0 20 40 60 80
ICT

* diversification ——— Fitted values

Figure 1. Scatterplot of export diversification and ICT index®

Figure 1 shows a negative correlation between export diversification and ICT index by scatterplot. Export
diversification indicates improvement, since as the ICT index increases, the value of the diversification index
decreases in the diagram. Because, as mentioned above, if the diversification index approaches zero, it means
that countries exports grow and narrow concentration declines. This situation shows that the development of
digital infrastructure plays a vital role in diversifying exports. In conclusion, investment in the ICT sphere creates
opportunities for the empowerment of export diversification. These results support the main hypothesis of this
study.

In Figure 2, it is shown that there is a negative correlation between export diversification and renewable
energy consumption by scatterplot. Export diversification indicates improvement here too. Since as renewable
energy consumption expands, the value of the diversification index declines in the diagram. As stated in figure 1,
if the diversification index approaches zero, it means that countries exports increase and narrow concentration
decreases. Although the relationship was not well expressed in some periods, the fitted line generally showed
a positive trend. Therefore, a transition to environmentally friendly energy sources may have a positive impact
on expanding the exported goods and countries (Figure 2).

3 Source: Author’s calculation through Stata
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renew_energy

* diversification ——— Fitted values

Figure 2. Scatterplot of export diversification and renewable energy consumption*

According to Table 3, it can be concluded that the model is statistically significant (Prob > F = 0.0000).
Given independent variables, they explain approximately 76.9% of the variation in the diversification index. The
research’s main independent variable, which is the ICT index, is statistically significant at the 5% level, and it has
a negative coefficient that explains the smaller the diversification index, the better the diversification. If the ICT
index expands by one unit, the diversification index declines by 0.0004 units. Another main variable is renewable
energy consumption, which is also statistically significant at the 1% level, but it has a positive coefficient, which
results in one unit of increase in energy consumption and a 0.001 unit increase in diversification, which leads
to export concentration.

Why might the results be like this? It is because the countries might be at the initial stage of generating
environmental energies. Or even though countries invest in the green energy sector, export reliance on one
or two sectors might rise concentration. In short, the result is the opposite of what we expected. However,
it should also be taken into account that in practice, investments in the green economy do not always pay
off immediately. The control variable, which is FDI inflow, has a positive effect on decreasing the index of
export diversification, but it shows statistical insignificance. The other two variables, membership in the EU and
investment in research and development, play an important role for export diversification since they are both
statistically significant and have a positive effect on decreasing the diversification index. And so, results showed
that different factors impact each other differently in terms of the export diversification index. In any case, the
ICT index indicated a positive result, as expected (Table 3).

Table 3. Fixed effect estimation result of the impact of ICT index and renewable energy on export diversification.
(1)
VARIABLES diver
ICT -0.000375**

4 Source: Author’s calculation through Stata
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(0.000163)
renew_energy 0.000961**
(0.000377)
eu -0.0932***
(0.0132)
eaeu 0.00942
(0.00777)
fdi_inflow -0.000592
(0.000378)
rd -0.0441***
(0.0142)
Constant 0.701***
(0.0118)
Observations 296
Number of country_id 14
R-squared 0.347

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculation through Stata

CONCLUSIONS AND SUGGESTIONS

The impact of digital infrastructure and renewable energy on export diversification was investigated
in this research. The results showed that the development of ICT infrastructure has a significantly positive
effect on expanding the export portfolio. Through digital technology, new innovative products and services
will be implemented by export and provide an exit from the trading model based on traditional resources.
Also, increasing renewable energy consumption increases the ecological sustainability of a country and gives
impetus to develop new industrial sectors. The result means that export diversification can be strengthened not
only through digital transformation but also through the implementation of green economy strategies. Besides,
FDI inflows, R&D expenditures and regional integrations may also play a crucial role in shaping the export
composition.

In this context, it would be appropriate if government policymakers, businessmen, and leaders in the field
follow the following recommendations:

Firstly, it would be appropriate to increase investment in ICT sectors. The growth of digital technology
and information technology infrastructure are the main factors of export diversification. It is possible to expand
export composition and create new goods and services by encouraging ICT investment in government and the
private sector.

Secondly, expanding green energy strategies. Investing in renewable energy technologies increases not
only environmental sustainability but also supports industrial innovations too. Export diversification will be
strengthened through this.

Thirdly, increase attention to FDI and R&D sectors. The possibility of introducing new technology and
industrial modernisation increases export efficiency through enlargement of foreign investment and research &
development expenditure.

Lastly, gaining regional integration membership or integration with regional countries will improve trading
conditions.

In general, research results showed the importance of ICT development and renewable energy consumption
to increase export diversification. Overall, these recommendations could help selected countries to improve
their ICT infrastructure and increase renewable energy consumption for the growth of export diversification and
contribute to sustainable economic development.
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