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Abstract. Export development is a priority for the Russian economy, as it plays a crucial role in ensur-
ing sustainable economic growth. In this context, understanding the determinants of regional export de-
velopment is essential. In their export activities, Russian companies face a range of limiting factors, many
of which have been thoroughly examined, with corresponding mitigation strategies incorporated into ex-
port plans. However, the role of the global climate agenda and the energy transition in shaping export de-
velopment remains largely unexplored for Russian regions. The shift of focus to fulfilling environmental
goals creates a new type of economic risk for exporters — transitional climate risks, which intensified af-
ter February 2022. This study investigates the comprehensive impact of the global energy transition on ex-
port flows in Russian regions and identifies region-specific factors that influence how the energy shift af-
fects export levels. The hypothesis is that the global energy transition creates both risks and opportuni-
ties for Russian regions, with varying effects depending on the specific components of the energy shift and
the socio-economic and environmental characteristics of each region. Using the gravity equation with the
Poisson Pseudo-Maximum Likelihood (PPML) technique, the study finds that the impact of the global en-
ergy transition on Russian regional exports is multidirectional. First, environmental regulations in partner
countries reduce exports from many Russian regions by 0.3 %, though regions with favorable socio-eco-
nomic conditions for innovation and active regional environmental policies see an increase in exports—by
0.3 % and 0.7 %, respectively. Second, the production of alternative energy in partner countries decreases
Russian exports by 0.2 %. Finally, exports from mineral-abundant Russian regions benefit from the global
energy transition. These findings contribute to the literature on Russian export promotion and offer valua-
ble policy insights for addressing the challenges and opportunities posed by the global energy transition.
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MCCNENOBATEJIbCKASl CTATbS
10.4. Cokonoea @ >

Ypanbckuit pepepanbHblii yHUBEpCcUTET nMeHu nepeoro MNpesnaenta Poccun b. H. EnbuuHa,
r. EkatepuHbypr, Poccuiickas ®epepauns

PUcKM M nepcnekTuBbl pa3sBUTMA SKCNOpTa pernoHoB Poccum B ycnoeusax
rno6anbHOro 3HepreTMYECKOro nepexoaa

AHHOTaums. MIHTEHCMDMKaLMa aKCcnopTa sBAsgeTcs npuopuTeToM Poccuu, 4to 06ycnoBneHo cnocob-
HOCTbO 3KCMOPTHOM LesTeNbHOCTM 06eCcneynTb YCTOMUMBLIA SKOHOMUYECKMIA POCT. B AaHHOM KOHTEKCTe
Ha NepBbIi NIAH BbIXOAUT U3yYeHWe LeTEPMUHAHT pa3BUTHS IKCNopTa. Poccuiickme akcnopTepbl CTanku-
BAOTCA C PSAOM OrpaHMuUMBaOLLMX HaKTOPOB. BONbLIMHCTBO PUCKOB MCCIEL0BaHbI, 3 MEPbI MO UX MUHU-
MM3aALMU BK/IKOYEHbI B IKCMOPTHbIE CTpaTeruu. [Ing pocCMMCKUX PETMOHOB OCTAETCS HEU3YYEHHONM ponb
rnobanbHOM KNMMaTUYECKOW MOBECTKM M MpoLLecca SHepreTM4eckoro nepexona B pasBUTUM 3KCMOPTa.
HamepeHus cTpaH No AOCTUXEHMUIO 3KONIOTMYECKMX Liefiei CO34ak0T HOBbIM TUM 3KOHOMUYECKUX PUCKOB
[N 3KCNOPTEPOB — NEPEXOAHbIE KIMMATUYECKME PUCKM, KOTOPbIE B 3HAYUTENbHOM Mepe MHTEHCUDULK-
poBanucb nocne despans 2022 r. B nccnenoBaHnn paccMaTpmMBaETCS KOMMNEKCHOe BAUsSIHME rnobanb-
HOro 3HepreTMYeckoro nepexoAa Ha 3KCNOPTHble MOTOKM POCCUICKMX pernoHoB. Kpome Toro, Lenb pa-
60Tbl — BbISIBUTb pErMOHasbHble PaKTOPbI, ONpefensiowmue BAUSHUE SHEPreTUYECKOrO NePEXOAa Ha 00b-
eMbl 3KcnopTa. B uccnepoBaHum BbiABMHYTA rMNoOTE3a O TOM, YTO FN06aNbHbIA SHEPreTUYeCKUin Nepexos,
MOXET reHepupoBaTb KaK PUCKM, TaK M BOZMOXHOCTU NS POCCUIMCKUX PETMOHOB, NpuyeM 3 eKT MOXeT
BapbMpPOBaTbCS B 3aBUCMMOCTU OT BbIOPAHHOTO KOMMOHEHTA SHEPreTMYEeCKOro Nepexoaa, a Takxke coum-
aNbHO-3KOHOMMYECKMX U 3KOIOTMYECKMUX XapaKTEPUCTUK pernoHa. OLeHKa rpaBUTaLMOHHOTO YPaBHEHUS
C MOMOLLbI0 MeToAa NCeBAOMaKCMManbHOro npaeaononobus NyaccoHa (PPML) nokasbiBaeT, Yto BAuS-
HMe rnobanbHOro 3HEepPreTMYeCckoro Nepexosa Ha 3KCNOPTHbIE NOKA3aTeNn POCCUMCKUX PErMOHOB HOCUT
pa3HOHanNpaB/eHHbIV xapakTep. Bo-nepBbix, 3KONOrnyeckoe peryimpoBaHmne TOProBbiX NapTHEPOB CO3-
[laeT pUCKM AN MHOTUX pernoHoB Poccuu, cokpalas akcnopt Ha 0,3 %, HO yBeNMUYMBAET IKCMOPT U3 pe-
TMOHOB C Haubonee 6MaronNpuATHbIMKU COLMANBHO-3KOHOMUYECKUMU YCIOBUSIMWU AN UHHOBALMOHHOWM
pestenbHocTH (Ha 0,3 %) M akKTMBHOM perMoHanbHOM 3Konoruyeckon nonutukon (Ha 0,7 %). Bo-BTopbIX,
MPOW3BOACTBO aNbTEPHATUBHbLIX MCTOYHMKOB IHEPTUM B CTPaHAX-NapTHEPAX CHUXKAET POCCUMCKMIA 3KC-
nopt Ha 0,2 %. HakoHel, B yC/10BUSX rN106ANbHOMO IHEPreTUYECKOro nepexona yCUanBaeTcs aKCnopT pe-
rMoHoB Poccuu, 6oraTbix NonesHbIMKM UCKOMaeMbIMKU. Pe3ynbTaThbl MCCefoBaHMS PacUMpPSIOT CYLLECTBY-
tOLLYIO NUTEPATYPY MO CTUMYNMPOBAHUID POCCUIACKOW BHELIHEIKOHOMMUYECKOW AeaTeNbHOCTU M Cnocob-
CTBYIOT BbIpabOTKe CTpaTerunii pa3BuTMs 3KCNopTa.

KntoueBble c10Ba: 3KCMOPT, r106abHbIA IHEPrETUYECKMUIA NepeXOa, NEPEXOHbIE KNMMATUYECKUE PUCKHM, IKONOTUYECKOE pe-
ryfnMpoBaHue, pervoHsl Poccuu, rpaBuUTaLMOHHAs MOAENb.

BnaropapHocTtb: MccnedosaHue 8bin0HEHO Npu PuUHAHCOB0LU noddepike MuHucmepcmsa HAyku U 8biclie20 0b6pazosaHus
Poccutickoli @edepayuu 8 pamkax [Tpoepammsl pazeumus Ypaneckozo ¢pedepansHo20 yHugepcumema umeHu nepgozo lIpe3udeHma
Poccuu b.H. EneyuHa 8 coomsemcmesuu ¢ npo2pammoli cmpameauyeckoeo akademuyeckozo nudepcmea «llpuopumem-2030».

Ans untuposanusa: Cokonosa, t0.[. (2024). Pucku 1 nepcrnekTMBbl pa3BUTUS IKCMOPTa pernoHoB Poccum B ycnoBusix rno-
6anbHOro aHepreTMYeCcKoro nepexona. IkoHomuka peauoHa, 20(4), 1190-1207. https://doi.org/10.17059/ekon.req.2024-4-14

Introduction

influencing export development in Russian

Export promotion has become a key priority
for the Russian economy, with the national
agenda shifting in 2016 from import substitution
to enhancing exports, recognizing their role
in strengthening the country’s position in the
international market. An increase in export
activities can boost Russia’s economic growth by
expanding production, productivity, job creation,
and attracting foreign funds (Kadochnikov &
Fedyunina, 2013; Malca et al., 2019; Islam et al.,
2022; Lee & Zhang, 2022; Fedyunina et al., 2023),
which necessitates further research on the factors

regions.

Russian companies, however, face internal
constraints, including high production costs,
technological lag, limited product variety,
and misalignment with international market
demands, as well as external factors like market
requirements, trade restrictions, and geopolitical
risks (Volchkova, 2013; Glazatova & Daniltsev,
2020). These challenges have been widely
studied, and strategies to address them have been
integrated into export development frameworks.
In sum, to enhance Russia’s export capacity and
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Fig.1 Classification of Climate-Related Risks
Sources: Bank of Russia (https.//cbr.ru/Content/Document/File/143643/Consultation_Paper_21122022.pdf, accessed: December
2023), TCFD (https://assets.bbhub.io/company/sites/60/2021/10/FINAL-2017-TCFD-Report.pdf, accessed: December 2023)

economic growth, it is essential to address both
internal and external barriers.

Global climate agenda and energy transition
process can also be considered among the
international challenges faced by Russian
exporters. Countries’ intentions to achieve the
goals of the Paris Agreement create a new type
of economic risk — transitional climate risks!
(Fig. 1). The main difference between transitional
and physical climate risks is that financial losses
do not arise from climate change, but from
the actions of the public and private sectors
aimed at curbing these changes?. The drivers of
transitional climate risks can be categorized into
four groups: (1) regulatory, including national
climate policies and environmental regulations;
(2) technological, such as the development of
low-carbon technologies; (3) behavioral, referring
to the preferences of consumers, investors, and
counterparties  for  environmentally-friendly
products and companies; and (4) geopolitical,
focusing on countries’ efforts to secure energy
through the development of alternative energy
sources in response to growing geopolitical risks>.

Export activities, especially in countries
supplying environmentally sensitive products, can
be vulnerable to the negative impact of transition

! Climate risks in changing economic conditions. URL:
https://cbr.ru/Content/Document/File/143643/Consultation_
Paper 21122022.pdf (In Russ.) (Accessed: December 2023).

2 Recommendations of the Task Force on Climate-related
Financial Disclosures. URL: https://assets.bbhub.io/company/
sites/60/2021/10/FINAL-2017-TCFD-Report.pdf  (Accessed:
December 2023).

5 What is Energy Transition? URL: https:/www.spglobal.
com/en/research-insights/articles/what-is-energy-transition
(Accessed: January 2024); Energy Transitions Indicators. URL:
https://www.iea.org/articles/energy-transitions-indicators
(Accessed: January 2024); The Global Energy Transition: How
the World Sees It. URL: https://energytracker.asia/what-is-
energy-transition-an-ultimate-guide/ (Accessed: January 2024).
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climate risks. First, international trade is often
seen as a contributing factor to environmental
problems (LaPlue, 2019; Dardati & Saygili, 2021;
Ma & Wang, 2021). Second, limiting the global
temperature rise to below 1.5°C cannot be achieved
through the environmental policies of individual
countries alone. Copeland (1996) and Nordhaus
(2015) argue that all nations must be engaged in
the environmental agenda through global trade
mechanisms. Finally, it is essential to integrate
trade mechanisms to achieve carbon neutrality,
as countries with more relaxed environmental
regulations may gain a competitive edge in the
global market (Ederington, & Minier, 2003).
There is ample empirical evidence that
transitional climate risks, particularly the
stringency of environmental regulations in
importing countries, negatively affect export
values (Fig. 2). Beers & Ven den Bergh (1997), Xu
(2000), Cagatay & Mihci (2006), and Tsurumi et al.
(2015) argue that strict environmental regulations
increase production and distribution costs for
exporters, resulting in a loss of competitiveness.
On the other hand, transitional climate risks
can create opportunities for export growth.
This perspective is based on the dynamic model
of international competitiveness proposed by
Porter and Van Der Linde (1995), which suggests
that environmental requirements encourage
companies to innovate in environmental
protection technologies. Studies by Costantini
and Mazzanti (2012), Wang et al. (2015), Gong
et al. (2020), Xie et al. (2020), He & Huang (2021),
Wang et al. (2021), Qiang et al. (2021), Chen et al.
(2022), Hamaguchi (2023), and Yu & Zheng (2024)
show that this innovation-driven effect boosts
export values, diversifies export structures, and
enhances product quality. However, the extent
of this stimulating effect varies depending on
the type of environmental regulation, the stage
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Fig. 2 Influence of Environmental Policy Stringency on Export Values
Source: compiled by the author

of innovation and economic development, and
government support.

Moreover, since the global energy transition rests
heavily on mineral resources such as ferrous and
precious metals and rare earth elements, the exports
of countries with a specialization in the manufacture
of these commodities are increasing significantly
(Grandell, et al., 2016; Watari et al., 2019; Lundaev
et al., 2023; Liang et al., 2023). Thus, the global
energy transition process presents a promising
opportunity for the export development of mineral-
rich nations (Olawuyi, 2021; Islam et al., 2022; Zhu
et al., 2022; Sohag et al., 2023; Islam and Sohag,
2023; Srivastava, 2023).

Evaluating the export prospects of Russian
regions under transitional climate risks is a complex
task. Russia is one of the largest emitters of pollution,
with up to 20 % of the country’s emissions arising
from the production of export goods. Additionally,
countries with strong environmental policies
dominate the geographical structure of Russia’s CO5
exports. Meanwhile, Russia’s environmental policies
are lagging behind, which could lead trading partners
to push for more significant efforts from Russia to
meet global environmental goals through trade-
based environmental regulations (Makarov et al.,
2018; Mitrova & Melnikov, 2019; Makarov et al.,
2020). In this context, energy-intensive exports from
Russian regions, such as metallurgical, chemical,
and petrochemical products, may face significant
challenges (Martus, 2019). However, according to
Porter’s Hypothesis, environmental barriers can
serve as a strong incentive for innovation, potentially
boosting exports and opening access to new markets.

In 2021, Russia was the third-largest exporter of
fossil fuels, with a market share of 8.3 %. Over the
past two decades, developed countries have made up
the largest share of Russia’s energy exports. The high

dependence of these countries on Russian energy
imports has attracted significant attention from
policymakers in advanced nations (Fig. 3). Current
efforts to reduce reliance on Russian imports are
driven by goals to achieve zero emissions, economic
pressures, and geopolitical factors (Perdana et al.,
2022; Chepeliev etal., 2022; Crowley-Vigneau
et al., 2023). The development of the alternative
energy sector is seen as a key strategy for decreasing
dependence on Russian energy supplies (Krane &
Idel, 2021; Cergibozan, 2022). As a result, the global
energy transition poses risks for exports from regions
specializing in fossil fuel production (Sokhanvar &
Sohag, 2022).

While energy exporters face risks, the
global energy transition is creating new growth
opportunities for mineral producers in Russian
regions. Russia remains crucial to the global energy
transition, as it is the largest producer of critical
minerals such as cobalt, nickel, lithium, iridium,
palladium, platinum, zinc, copper, and uranium.
Cherepovitsyn & Solovyova (2022), Chupina
(2022), Cherepovitsyn et al. (2023), and Dmitrieva
et al. (2023) concluded that, given Russia’s resource
potential in critical minerals, several regions
could significantly contribute to global energy
transformation trends and boost their exports.

The vulnerability of the Russian economy to the
global energy transition has been apparent since the
Paris Agreement was signed, due to the significant
share of the energy sector in GDP and the high
carbon footprint of exports. However, since February
2022, there has been a significant intensification of
transitional climate risks for the Russian economy
since Western countries are accelerating their
plans to limit Russia’s carbon-intensive exports
and reduce reliance on Russian energy imports. In
addition, in the context of the current geopolitical
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Reliance of Developed Countries on Russian Fossil Fuel Imports
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Fig.3. Reliance on Russian Fossil Fuel Imports in 1991-2021, %
Resources: Compiled by the author based on the data of the International Energy Agency (IEA) (URL: https://www.iea.org/reports/
national-reliance-on-russian-fossil-fuel-imports/which-countries-are-most-reliant-on-russian-energy, accessed December 2023).

crisis, the importance of transitional climate risks
for country’s exports is emphasized by the fact that
redirecting export flows to states that have not
joined the imposition of sanctions against Russia will
not fully minimize such risks. Firstly, in “friendly”
states there is an acceleration of environmental
policy and introduction of environmental regulation
instruments (for example, China, Kazakhstan,
Turkey). Secondly, the execution of export contracts,
for example, for the supply of Russian energy, may
be hampered by the lack of necessary infrastructure.
Thirdly, the markets of “friendly” states are less
capacious and their solvency may be affected by the
imposition of sanctions by Western countries.

The aim of this investigation is to explore the
role of the global energy transition as a factor
influencing export development in Russian regions
through econometric modeling. Additionally, the
study seeks to identify regional characteristics
that shape the impact of the global energy shift
on export values. To achieve these objectives,
the global energy transition process is presented

Ekonomika Regiona [Economy of Regions], 20(4), 2024

from three perspectives: environmental policy
stringency, production of alternative energy, and
readiness for the energy transition. Russian regions
are categorized into subsamples based on mineral
endowment, the socio-economic conditions of
innovation activity, and the region’s openness to the
Green Deal. The investigation hypothesizes that the
global energy transition can generate both risks and
opportunities for Russian regions, with the effects
varying depending on the region’s natural resources,
innovation potential, and environmental policies.
This study contributes to the existing literature in
several ways. The multivariate relationship between
the global energy transition and export performance
has not been extensively examined for Russian
regions. This research examines this relationship
using the Extended Gravity Model, estimated with
the Poisson Pseudo-Maximum Likelihood (PPML)
technique. The analysis is based on data from 84
Russian regions and 204 trading partner countries.
Furthermore, while previous studies often generalize
findings for Russia’s exports, this study focuses on
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the heterogeneity of the global energy transition’s
effects on export values by dividing regions into
subsamples using a clustering method.

The research is structured as follows. The
introduction offers a review of the literature
and discusses the current situation, followed
by a description of the empirical model and
methodology. Finally, the empirical results of the
research are presented.

Data and Methodology

The exports dynamics of Russian regions in the
context of the global energy transition is examined
with regard to the Gravity Model, which enables to
explain trade patterns through economic masses
of countries, distance, socio-cultural, regulatory,
and environmental factors (Yotov et al., 2016).

The Gravity Model is modified as follows (see
Table 1 below). Export flows from each Russian
region to each importing country are considered as
the pair-wise dependent variable. The first group
of traditional gravity variables includes GRP and
population of Russian regions, GDP and population
of trading partner countries, distance, and a binary
variable for the common land border between the
region and the partner country. The second group of
explanatory variables consists of factors determining
the export potential of Russian territories. This
includes controls for resource endowment, human
capital, financial sector development, institutional
maturity, infrastructure availability, production
capacity, and regional market capacity. The
availability of natural resources is represented by the
share of the extractive sector in the GRP structure,
while other components are integrated using the
RAEX investment potential index. Additionally,
trade barriers driven by geopolitical tensions are
considered.

A distinctive feature of this analysis is the
examination of three aspects related to the
possible influence of the global energy transition
process on the export values of Russian regions.
First, transitional climate risks are captured by
the Index of Environmental Policy Stringency
of importing nations. The assumption is that a
higher index indicates stronger intentions to
limit the competitiveness of countries that do not
actively pursue environmental policies through
environment-related trade barriers. Second,
given that the global energy transition involves
increased use of alternative energy sources and
reducedreliance on fossil fuels, the total renewable
energy generation of trading partner countries is
integrated into the Gravity Model. This reflects
changes in export values of Russian regions
resulting from reduced dependence on Russian

energy imports. Third, the analysis recognizes that
the global energy transition heavily relies on the
use of mineral products. Variables sc,, WC, and
ETI, reflect the potential demand of importing
counties for mineral products of Russian regions.

The logic of the study is illustrated in Fig. 4. The
investigation consists of two key strands. The first
focuses on assessing the impact of each component
of the global energy transition on the exports of
Russianregions,categorized bymineral endowment.
The second examines the effect of environmental
regulation stringency—one of the components of
the global energy transition—on export values in
Russian regions. At this stage, the analysis explores
the role of regional socio-economic conditions,
innovation capacity, and environmental policies in
shaping how the environmental requirements of
host markets influence the export performance of
Russian regions.

Estimating the Gravity Model is complex due
to econometric challenges such as zero trade
flows, heteroskedasticity, endogeneity, and
unobservable factors (Yotov etal., 2016). The
Poisson Pseudo-Maximum Likelihood (PPML)
method effectively addresses most of these issues.
According to Correia et al. (2020), PPML allows
for the inclusion of exporter and importer fixed
effects, as well as pairwise effects, to control
for unobservable factors. This method directly
estimates the gravity equation using a Poisson
maximum likelihood function (Eq. 1) and accounts
for data heteroscedasticity.

E‘/ut eXp(BO + BlGRPit+ BZGD '33 it B4 1[

+ [35D” + Bé it BSMABI.[ + BQIPOT + BlOTS/.t +

+ B TCR, + 1+, +0,)) + ¢ (1)
where E V,, represents export flows from region i to
country j, GRP and GDP, stand for gross domestic
products of exportmg region and importing
country, P, and P, signify population of region i
and country j, D, portrays distance between the
economic centres of regions and trade-partner,
B, is the dummy variable for common border
between region i and country j, MAB, and IPOT,
represent the mineral abundance and investment
potential of region i, TS, typify trade sanctions
enacted by country j agamst Russia. TCR, stands
for transitional climate risks, represented by ES,
(environmental policy stringency), RE, (total
renewable energy generation), SC, (solar energy
generation), WS, (wind energy generation),
ETI, (Energy Transition Index). n, if fixed effects
of reglon i, y, is fixed effects of Country j, o, is
pairwise ﬁxecf effects, ¢, is standard error of the
gravity equation.
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Table 1

Variables and Data Sources

Variable | Definition Data Source
Dependent variable
. . Customs services of the Federal Okrugs of Russia
Value of exports from Russian region i to .
EVI./. . trading partner country j at time ¢ (URL: https://customs.gov.ru/structure/regional,
accessed December 2023)
Explanatory variables
GRP Gross domestic product of Russian region i at Rosstat (URL: https://rosstat.gov.ru/folder/210/
it time t document/13204/, accessed December 2023)
. . UNCTADstat (URL: https://unctadstat.unctad.org/
GDP jt Sgsrsltsrg(;rgf :itrlsep: oduct of trading partner datacentre/dataviewer/US.GDPTotal, accessed
December 2023)
. . e Rosstat (URL: https://rosstat.gov.ru/folder/210/
P, Population of Russian region i at time ¢ document/13204/, accessed December 2023)
World Development Indicator (URL: https://data.
. Population of trading partner country j at time t | worldbank.org/indicator/SP.POP.TOTL?y, accessed
December 2023)
Geographic distance between economic centers s .
D. - .. . . | Author’s calculations are based on Google maps
i of Russian region i and trading partner country j
=1 if Russian region i and trading partner
B,,l. country j have a common land boarder, Author’s calculations are based on Google maps
=0 otherwise
Share of Russian region i at time ¢ in the all- Russian .Rating Agency RAEX (URL: https://raex—fr.
IPOT, Russian investment potential com/regions/investment_appeal/investment_potential
of_regions/2020/, accessed December 2023)
- Lif trading partner gountry} _at time t‘ The Global Sanctions Data Base (Syropoulos et al.,
TS. introduced trade sanctions against Russia,
it . 2023)
= 0 otherwise
ES Environmental policy stringency index of OECDstat (URL: https://stats.oecd.org/Index.
it trading partner country j at time ¢ aspx?DataSetCode=EPS, accessed December 2023)
Total renewable energy generation of trading Energy Institute StatistiFal Review of World Energy
RE, partner country ; at time ¢ (URL: https://ourworldindata.org/grapher/modern-
renewable-prod, accessed December 2023)
Cumulative installed solar capacity of trading International Renewabl'e Energy Agency (IRENA)
SC/.t partner country j at time ¢ (URL: https://ourworldindata.org/grapher/installed-
solar-pv-capacity?tab=map, accessed December 2023)
International Renewable Energy Agency (IRENA)
we Cumulative installed wind capacity of trading (URL: https://ourworldindata.org/grapher/
it partner country j at time ¢ cumulative-installed-wind-energy-capacity-gigawatts,
accessed December 2023)
World Economic Forum (WEF) (URL: https://www.
ETI Energy Transition Index (ETI) of trading partner | weforum.org/publications/fostering-effective-energy-
it country j at time t transition-2023/country-deep-dives-a57a63d0d5/,
accessed December 2023)
Variables for cluster analysis
Share of the extractive sector in the GRP
structure of Russian region i at time ¢
Groups of Russian regions based on cluster
analysis (k-means method):
1) Mu'leral-scarc.e regions (the averag.e share' of Rosstat (URL: https://rosstat.gov.ru/folder/210/
MAB, extractive sector in the GRP structure is ranging d
ocument/13204/, accessed October 2023)
from O to 5 %);
(2) Regions with the medium level of natural
resource endowment (the average share of
extractive sector in the GRP structure is ranging
from 6 to 40 %)
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Oxkonuanue Tabn. 1

Variable Definition

Data Source

(3) Mineral-abundant regions (the average
MAB.

it

is ranging from 41 to 100 %)

share of extractive sector in the GRP structure

Index of socio-economic conditions of

Groups of Russian regions based on cluster
analysis (k-means method):

SECI,

innovative activity of Russian region i at time ¢

(1) Regions with a favorable socio-economic
environment for innovative development (the
average Index is ranging from 0.400 to 1.000)
(2) Regions with an average socio-economic
environment for innovative development (the
average Index is ranging from 0.250 to 0.399)
(3) Regions with a unfavorable socio-economic
environment for innovative development (the
average Index is ranging from 0.000 to 0.249)

Higher School of Economics (URL: https://www.
hse.ru/primarydata/rir, accessed January 2024)

region i at time t
Groups of Russian regions based on 2021
Survey:

(> 6 Green Deal measures, 1 breakthrough
OGDI, decision, no false solutions)

(< 6 Green Deal measures, no breakthrough
solutions, 1 false solution)

policy (< 6 Green Deal measures, no
breakthrough solutions, 2 false solutions)

Index of openness to the Green Deal of Russian

(1) Regions with active environmental policy

(2) Regions with moderate environmental policy

(3) Regions with lagging-behind environmental

Rating of Russian Regions’ Openness to the Green
Deal (URL: https://esg-library.mgimo.ru/publications/
reyting-otkrytosti-regionov-rossii-k-zelyenomu-
kursu/, accessed January 2024)

i=1, ..., 84 (Russian regions)
j = 1,..., 204 (Trading partners)
t = 2013, ..., 2021 (Time)

Source: compiled by the author.

Results and Discussion

The descriptive statistics (Table 2) show that:
(1) distance and trade sanctions negatively impact
export indicators, while GRP, population, mineral
endowment, and investment potential have a
positive effect on export values; (2) environmental
controls and renewable energy production in partner
countries are negatively associated with exports
from Russian regions; and (3) the deployment of
clean energy capacity and institutional readiness for
the energy transition process positively contribute
to the growth of Russian exports.

The association between transitional climate
risks and export values of Russian regions is studied
utilizing the Gravity Model of international trade
assessed by the PPML method. The results for the
general subsample of Russian regions are presented
in Table 3. The main drivers for the development of
Russian regional exports are the following: GRP of
the region, GDP of the trading partner, the common
land border between the exporting and importing
regions, the availability of natural resources and

investment potential. Transport costs and the
introduction of trade sanctions are negatively
related to the export values of Russian regions.

Environmental regulation of trading partner
countries is negatively related to the export values
of Russian regions, which is consistent with the
study by Makarov et al. (2020). This association
can be explained by the following: environmental
regulation acts as a trade barrier; environmental
requirements of importing countries increase the
costs of Russian exporters, which negatively affects
competitiveness; Russian companies respond
ineffectively to environmental requirements.

Table 3shows that theinfluence of the alternative
energy production in importing countries is adverse
as well, indicating the reduced reliance on Russian
energy, which is in line with Sokhanvar & Sohag
(2022). The results on the influence of SC,, WC,,
and ETI, variables are mixed.

Table 3 shows an inverse correlation between the
environmental and climate regulation sophistication
of importing countries and export flows from Russian

DKOHOMMKa pervoHa, T.20, Bbin. 4 (2024)
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Global Energy

Transition

Component

[ |

Installation of Renewable Energy
Capacities and Readiness for
Energy Transition

l J

Step 5
P e

<4 i >

Environmental Renewable Energy
Policy Stringency Generation

Export of Mineral-
Scarce Russian
Regions

Export of Russian Exports from
Regions Mineral-Abundant

Moderately Russian Regions

Export of All
Russian Regions

Endowed with
Mineral Resources

How does regional resource potential affect the global energy

Step 2 transition's impact on exports?
v v v
4 N7 N 7 )
Exports from Exports from Exports from
Russian Regions Russian Regions Russian Regions
with Favorable with Moderate with
Socio-Economic Socio-Economic Unfavourable
Conditions for Conditions for Socio-Economic
Innovation Innovation Conditions for
K / K / Innovation
N
i
Step 2 How do regional socio-economic conditions of innovation influence the

impact of environmental policy stringency on exports?

v v

Exports from Exports from
. . . . Exports from
Russian Regions Russian Regions . ]
. : . Russian Regions
with Active with Moderate )
. . with Inadequate
Environmental Environmental .
. - Environmental
Policies Policies

Policies

V
How does regional environmental policy shape the impact of
environmental policy stringency on exports?

Fig.4. Methodology
Notes: The empirical results of the steps are presented in the following tables: Step 1 — Table 3, Step 2 — Table 4, Step 3 — Table 5,
Step 4 — Table 6, Step 5 — Table 7.
Source: compiled by the author.
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Table 3
Relationship Between Transitional Climate Risks and Exports from Russian Regions
Variable Model 1 Model 2 Model 3 Model 4 Model 5
IGRP 0.802¢ 0.677¢ 0.672¢ 0.680° 0.674°
it (0.088) (0.069) (0.069) (0.071) (0.072)
IGDP 0.848¢ 0.804¢ 0.785¢ 0.755¢ 0.772¢
it (0.035) (0.027) (0.020) (0.021) (0.021)
P 0.008 0.069 0.050 0.063 0.049
it (0.070) (0.061) (0.062) (0.062) (0.064)
P —0.138° —0.045¢ —0.066¢ —0.046¢ —-0.059¢
it (0.017) (0.014) (0.014) (0.014) (0.013)
D —1.536¢ —1.583¢ —1.559¢ —1.555¢ —1.509¢
i (0.074) (0.042) (0.041) (0.046) (0.046)
I(1+B) 0.862¢ 0.676° 0.752¢ 0.661¢ 0.7134
i (0.221) (0.129) (0.129) (0.132) (0.143)
IMAB 0.315¢ 0.268¢ 0.263¢ 0.270° 0.271¢
it (0.123) (0.016) (0.016) (0.016) (0.017)
IIPOT 0.362 0,491¢ 0.508¢ 0.490¢° 0.505¢
it (0.135) (0.094) (0.095) (0.090) (0.099)
I(1+7T8) -0.951¢ —0.666 —0.731¢ -0.757¢ —0.608¢
it (0.123) (0.089) (0.088) (0.088) (0.099)
—-0.341°
IES/f (0.099)
—0.140¢
lRE/f (0.010)
0.030°
ISC” (0.010)
-0.010¢
IWC/‘ (0.006)
-0.189
IETIff (0.164)
Prob > F 0.000 0.000 0.000 0.000 0.000
Pseudo R? 0.580 0.652 0.673 0.640 0.510

Notes: a - significance at the 1 % level; b - significance at the 5 % level; ¢ - significance at the 10 % level; standard clustered regression
errors are presented in parentheses; i — indicator of Russian regions; j - indicator of trading partner countries; t — time. Estimation of the
gravity equation in Stata 17 using the Pseudo-Maximum Likelihood (PPML) method implies that the dependent variable is reported
without logarithms, while the explanatory variables are represented in logarithms. This is why letter [ before the variable name indicates
that it is represented in logarithmic form. Fixed effects of exporting regions, importing countries, pairwise fixed effects are taken into

account when estimating empirical models.
Source: Author’s calculations are based on Stata 17.

regions. However, our literature review suggests that
stricter environmental policies can also boost exports
for some Russian regions. This positive effect occurs
in regions with high innovation potential and active
environmental policies (Table 4). First, these regions’
well-developed innovation environments enable
companies to effectively adapt to environmental
regulations. Firms in these areas are better
positioned to introduce environmental innovations,
technologies, and product improvements.
Additionally, their higher productivity allows them
to more efficiently internalize environmental costs,
confirming the findings of Costantini & Mazzanti
(2012). Second, environmental regulations in trading
countries have minimal impact on regions with

Ekonomika Regiona [Economy of Regions], 20(4), 2024

strong environmental initiatives, as local companies’
products already meet most environmental
standards. Moreover, active regional environmental
policies can foster export diversification and the
development of new markets, supporting the
conclusions of Wang et al. (2022).

Table 5 presents the results for mineral-scarce
regions. It shows that the GRP of the region, GDP
of the importing country, and shared borders are
the most significant drivers of regional exports,
while geographical distance, trade sanctions, and
transitional climate risks negatively impact export
flows.

Table 6 shows that the impact of the global
energy transition on the export revenues of
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Table 4

Relationship Between Environmental Regulation of Trading Partners and Exports of Russian Regions:
The Role of Socio-Economic Conditions, Innovation Activity, and Regional Environmental Initiatives

Variable The role of innovative potential The role of regional environmental initiatives
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
IGRP. 1.143¢ 1.396¢ 3.2227 1.393¢ 0.752¢ 0.842¢
it (0.307) (0.101) (0.190) (0.168) (0.154) (0.210)
IGDP. 1.066° 1.112¢ 0.959¢ 1.581¢ 0.914¢ 0.657¢
it (0.077) (0.080) (0.258) (0.162) (0.075) (0.066)
P 0.121 —0.8824 —1.108¢ 0.406° —0.536" —-0.168
it (0.207) (0.118) (0.186) (0.162) (0.128) (0.145)
1P 0.057 0.166° -0.021 -0.056 0.115 —-0.002
jt (0.058) (0.058) (0.122) (0.087) (0.075) (0.045)
D -1.467° —-1.881¢ —-0.793¢ —2.415¢ -1.129¢ —1.560°
i (0.173) (0.077) (0.187) (0.133) (0.103) (0.130)
I(1+B) 0.956¢ 0.649° 0.910¢ 0.933¢ 0.198 0.671¢
i (0.211) (0.178) (0.248) (0.187) (0.081) (0.123)
IMAB 0.209¢ 0.278¢ 0.404¢ 0.311¢ 0.224¢ 0.221¢
it (0.060) (0.030) (0.067) (0.072) (0.042) (0.031)
1IPOT 0.347° 0.486“ —1.058 1.223° 0.961¢ 0.315
it (0.026) (0.123) (0.629) (0.358) (0.143) (0.207)
I(1+T8) —0.604¢ —0.7579 —1.934¢ —1.0657 —0.623¢ -1.056
it (0.281) (0.242) (0.789) (0.302) (0.302) (0.245)
IES. 0.307¢ —-1.004¢ —-0.321 0.765¢ 0.028¢ —0.634¢
it (0.120) (0.194) (0.371) (0.352) (0.016) (0.190)
Prob > F 0.000 0.000 0.000 0.00 0.000 0.000
Pseudo R* 0.640 0.581 0.529 0.601 0.612 0.590

Notes: a - significance at the 1 % level; b - significance at the 5 % level; ¢ - significance at the 10 % level; standard clustered
regression errors are presented in parentheses; i — indicator of Russian regions; j - indicator of trading partner countries; t - time.
Fixed effects of exporting regions, importing countries, pairwise fixed effects are taken into account when estimating empirical
models.

Source: Author’s calculations are based on Stata 17.

Table 5
Relationship Between Transitional Climate Risks and Exports of Mineral-Scarce Russian Regions
Variable Model 1 Model 2 Model 3 Model 4 Model 5
IGRP. 1.761¢ 1.420¢ 1.562¢ 1.479¢ 1.464°
it (0.143) (0.095) (0.099) (0.099) (0.102)
IGRP. 0.901¢ 0.674¢ 0.7294 0.707¢ 0.703¢
it (0.038) (0.026) (0.021) (0.020) (0.021)
P —0.804“ —0.550° —0.606 —0.600° —0.602¢
it (0.141) (0.093) (0.093) (0.096) (0.100)
1P —-0.120° 0.016 —-0.023 0.033¢ -0.016
jt (0.019) (0.014) (0.016) (0.017) (0.013)
D —-1.380" —-1.416° —1.437 —1.464¢ —1.353¢
i (0.055) (0.032) (0.032) (0.033) (0.035)
I(1+B) 1.025¢ 1.099¢ 1.129¢ 1.035¢ 1.021¢
ij (0.204) (0.127) (0.127) (0.124) (0.131)
IMAB. 0.230° 0.202¢ 0.193¢ 0.199¢ 0.219¢
it (0.030) (0.020) (0.020) (0.021) (0.022)
1IPOT 0.030 0.161 0.031 0.134 0.162
it (0.146) (0.100) (0.107) (0.104) (0.108)
I(1+TS) —1.149¢ -1.016° —1.023¢ —1.067¢ -0.811¢
it (0.132) (0.093) (0.091) (0.089) (0.099)
—0.582¢
ES, (0.108)

Oxonuanue Tabn. 5 na cned. cmp.
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Oxonuanue Tabn. 5

Variable Model 1 Model 2 Model 3 Model 4 Model 5
-0.018
RS, (0.012)
—0.040¢°
ISC, (0.011)
—0.058¢
WG, (0.008)
—0.883¢
IETE, (0.179)
Prob > F 0.000 0.000 0.000 0.000 0.000
Pseudo R? 0.520 0.580 0.610 0.590 0.550

Notes: a - significance at the 1 % level; b - significance at the 5 % level; ¢ - significance at the 10 % level; standard clustered
regression errors are presented in parentheses; i — indicator of Russian regions; j - indicator of trading partner countries; ¢ - time.
Fixed effects of exporting regions, importing countries, pairwise fixed effects are taken into account when estimating empirical

models.

Source: Author’s calculations based on Stata 17.

Table 6
Relationship Between Transitional Climate Risks and Exports of Russian Regions with Medium Mineral Resources
Variable Model 1 Model 2 Model 3 Model 4 Model 5
IGRP 0.700¢ 0.639a 0.701¢ 0.636* 0.526*
it (0.099) (0.108) (0.112) (0.104) (0.119)
IGDP 0.666* 0.721¢ 0.669* 0.647 0.696
Jt (0.036) (0.031) (0.025) (0.023) (0.023)
P 0.428¢ 1.098¢ 1.129¢ 1.165° 1.053¢
it (0.254) (0.219) (0.215) (0.222) (0.224)
P -0.094¢ —0.036° —0.066° —0.045¢ —0.043¢
it (0.019) (0.017) (0.018) (0.018) (0.015)
D —-1.373¢ -1.616° —1.5457 —1.479° —1.542¢
i (0.110) (0.059) (0.065) (0.066) (0.067)
I(1+B) 1.378¢ 0.695 0.786* 0.822¢ 0.808¢
i (0.289) (0.211) (0.213) (0.210) (0.232)
IMAB 1.189¢ 1.208¢ 1.225¢ 1.185¢ 1.112¢
it (0.193) (0.160) (0.159) (0.162) (0.160)
IIPOT 1.323¢ 1.1387 1.264° 1.172¢ 1.141¢
it (0.321) (0.256) (0.265) (0.265) (0.269)
I(1+T8) —0.477° —0.204° —0.460° —0.490° —0.4127
it (0.145) (0.059) (0.107) (0.108) (0.099)
—-0.261¢
IS, (0.101)
-0.017
IRE, (0.016)
0.061¢
ISC, (0.014)
0.028¢
IWC, (0.009)
0.077
ETL, (0.259)
Prob > F 0.000 0.000 0.000 0.000 0.000
Pseudo R* 0.520 0.610 0.630 0.599 0.584

Notes: a - significance at the 1 % level; b - significance at the 5 % level; ¢ - significance at the 10 % level; standard clustered
regression errors are presented in parentheses; i — indicator of Russian regions; j - indicator of trading partner countries; ¢ - time.
Fixed effects of exporting regions, importing countries, pairwise fixed effects are taken into account when estimating empirical

models.

Source: Author’s calculations are based on Stata 17.
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Table 7
Relationship Between Transitional Climate Risks and Exports of Mineral-Abundant Russian Regions
Variable Model 1 Model 2 Model 3 Model 4 Model 5
IGRP. 1.350¢ 1.345¢ 1.455° 1.352¢ 1.361¢
it (0.328) (0.291) (0.276) (0.293) (0.294)
IGDP. 0.928¢ 1.220° 0.919¢ 0.986° 0.979¢
it (0.067) (0.059) (0.059) (0.046) (0.045)
P 0.647¢ 0.571¢ 0.545¢ 0.568¢ 0.593¢
it (0.125) (0.109) (0.111) (0.108) (0.111)
P -0.204 -0.193¢ —0.235¢ —0.194¢ —0.153¢
it (0.030) (0.030) (0.028) (0.027) (0.030)
D —2.733¢ —2.732¢ —2.576° —2.599¢ -2.611¢
i (0.151) (0.093) (0.108) (0.110) (0.105)
I(1+B) 0.798¢ 0.604¢ 0.806° 0.760° 0.812¢
i (0.199) (0.243) (0.311) (0.102) (0.230)
IMAB. 5.739¢ 4.942¢ 5.001¢ 5.147¢ 5.135¢
it (0.526) (0.420) (0.443) (0.449) (0.448)
1IPOT 1.315¢ 1.596¢ 1.719¢ 1.407¢ 1.414°
it (0.468) (0.424) (0.407) (0.430) (0.434)
I(1+T8) —-0.934¢ -0.595¢ —0.688 —0.705¢ —0.984¢
it (0.261) (0.232) (0.220) (0.230) (0.263)
—0.427
ES, (0.277)
—0.143¢
IRE, (0.027)
0.145¢
ISC, (0.044)
0.155¢
W, (0.016)
1.809¢
IETL, (0.527)
Prob > F 0.000 0.000 0.000 0.000 0.000
Pseudo R? 0.500 0.645 0.589 0.572 0.525

1203

Notes: a - significance at the 1 % level; b - significance at the 5 % level; ¢ - significance at the 10 % level; standard clustered
regression errors are presented in parentheses; i — indicator of Russian regions; j - indicator of trading partner countries; t - time.
Fixed effects of exporting regions, importing countries, pairwise fixed effects are taken into account when estimating empirical

models.
Source: Author’s calculations are based on Stata 17.

Russian regions with medium mineral resource
endowment is mixed: stricter environmental
policies have a negative effect, while the
installation of renewable energy capacities in
importing countries boosts exports.

Table 7 shows that the energy transition
presents more export growth opportunities than
risks for Russianregionswith adominant extractive
sector. The readiness of partner countries for the
energy transition and the expansion of renewable
energy drive demand for Russian exports, which
aligns with the findings of Islam et al. (2022).

Conclusion

Export is a priority for Russian economic
development, driving sustainable growth,
industrial advancement, job creation, productivity
increases, foreign exchange earnings, and global

competitiveness. Currently, the government is
shifting focus from import substitution to export
development.

Russian exporters face constraints such as
high production costs, technological gaps, and
quality mismatches with international demand.
In the context of the global climate agenda, they
also encounter transitional climate risks driven
by regulatory and geopolitical factors. On the one
hand, Russia’s heavy reliance on the energy sector
and high carbon emissions make its economy
vulnerable to the global energy transition. On the
other hand, countries rich in mineral resources,
like Russia, may see increased exports due to
the rising demand for raw materials (e.g., rare
earth elements, non-ferrous metals) needed for
alternative energy technologies. Furthermore,
stricter environmental regulations are pushing

DKOHOMMKa pervoHa, T.20, Bbin. 4 (2024)
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companies to adopt green technologies, boosting
competitiveness.

This study empirically analyzes the impact of
the global energy transition on regional exports
in Russia using the Extended Gravity Model, while
alsoidentifying regional factors that influence how
the energy shift affects export values. While more
sophisticated environmental policies in importing
countries generally reduce export flows, regions
with strong innovation environments and active
environmental policies experience a positive
impact. Additionally, countries transitioning to
low-carbon development by expanding alternative
energy sources decrease their reliance on Russian
energy imports, which helps stabilize regions
dependent on energy exports. At the same time,
Russia’s mineral-rich regions benefit most from
the global energy shift, supplying essential
minerals for alternative energy and electric vehicle
production..

The study confirms the hypothesis that
the global energy transition presents both
risks and opportunities for Russian regional
exports. To mitigate risks and capitalize on
opportunities, tailored to different regional
groups, it is recommended to give attention to
fostering a favourable innovation environment to
harness the stimulating effect of environmental
regulations. Policies should focus on introducing
new technologies, wupdating infrastructure,
and developing regional educational potential
(Fedyunina & Radosevic, 2022; Yang et al., 2023).
Additionally, improving national and regional
environmental policies is crucial, which includes

prioritizing the environmental agenda through
information tools, setting clear environmental
goals, and choosing appropriate regulation
mechanisms, especially in the context of
transitional climate risks. Efficient regions should
lead in reducing pollution, while less efficient
regions can pay to offset their environmental
impact, contributing to the national budget (Chu,
2024). These measures are particularly relevant
for regions exporting environmentally sensitive
products like fertilizers and metals.

For regions specializing in energy exports,
strategies to minimize risks related to the growth
of alternative energy inimporting countries should
focus on diversifying energy sources, restructuring
state subsidies, and improving energy efficiency.

Mineral-abundant regions can best capitalize
on the global energy transition by focusing on the
extraction of rare earth elements and non-ferrous
metals. Maintaining the competitiveness of the
metallurgical sector through fiscal and monetary
policies, along with upgrading technological
infrastructure, is also essential.

This study offers several advantages, including
its multi-perspective approach to the global
energy transition and its consideration of regional
differences in the analysis of export impacts.
However, it relies on customs data that may
not fully capture export values, suggesting that
future research should incorporate data from
the Federal State Statistics Service. Additionally,
the study does not cover the 2022-2023 period,
when transitional climate risks intensified due to
geopolitical factors.

References

Cagatay, S., & Mihci, H. (2006). Degree of environmental stringency and the impact on trade patterns. Journal of
Economic Studies, 33(1), 30-51. https://doi.org/10.1108/01443580610639884

Cergibozan, R. (2022). Renewable Energy Sources as a Solution for Energy Security Risk: Empirical Evidence from
OECD Countries. Renewable Energy, 183, 617-626. https://doi.org/10.1016/j.renene.2021.11.056

Chen, X., He, J., & Qiao, L. (2022). Does environmental regulation affect the export competitiveness of Chinese
firms? Journal of Environmental Management, 317, 115199. https://doi.org/10.1016/j.jenvman.2022.115199

Chepeliev, M., Hertel, T., & Van Der Mensbrugghe, D. (2022). Cutting Russia’s fossil fuel exports: Short-term eco-
nomic pain for long-term environmental gain. World Economy, 45(11), 3314-3343. https://doi.org/10.1111/twec.13301

Cherepovitsyn, A., & Solovyova, V. (2022). Prospects for the Development of the Russian Rare-Earth Metal Industry in
view of the Global Energy Transition— A Review. Energies, 15(1), 387. https://doi.org/10.3390/en15010387

Cherepovitsyn, A., Solovyova, V., & Dmitrieva, D. (2023). New challenges for the sustainable development of the ra-
re-earth metals sector in Russia: Transforming industrial policies. Resources Policy, 81, 103347. https://doi.org/10.1016/j.

resourpol.2023.103347

Chu, L.K. (2024). Towards achieving energy transition goal: How do green financial policy, environmental tax, eco-
nomic complexity, and globalization matter? Renewable Energy, 222, 119933. https://doi.org/10.1016/j.renene.2023.119933

Chupina, D.A. (2022). Impact of the Green Deal on copper imports from Russia to the EU. Voprosy Ekonomiki, 1,
110-125. https://doi.org/10.32609/0042-8736-2022-1-110-125

Copeland, B.R. (1996). Pollution content tariffs, environmental rent shifting, and the control of cross-border pollu-
tion. Journal of International Economics, 40(3-4), 459-476. https://doi.org/10.1016/0022-1996(95)01415-2

Correia, S., Guimaraes, P., & Zylkin, T. (2020). Fast Poisson Estimation with High-Dimensional Fixed Effects. The
Stata Journal, 20(1), 95-115. https://doi.org/10.1177/1536867X20909691

Ekonomika Regiona [Economy of Regions], 20(4), 2024

www.economyofregions.org


https://www.economyofregions.org

Yulia D. Sokolova 1205

Costantini, V., & Mazzanti, M. (2012). On the Green and Innovative Side of Trade Competitiveness? The Impact of
Environmental Policies and Innovation on EU Exports. Research Policy, 41(1), 132-153. https://doi.org/10.1016/j.re-
spol.2011.08.004

Crowley-Vigneau, A., Kalyuzhnova, Y., & Ketenci, N. (2023). What Motivates the ‘Green’ Transition: Russian and
European Perspectives. Resources Policy, 81, 103128. https://doi.org/10.1016/j.resourpol.2022.103128

Dardati, E., & Saygili, M. (2021). Are Exporters Cleaner? Another Look at the Trade-Environment Nexus. Energy
Economics, 95, 105097. https://doi.org/10.1016/j.eneco.2021.105097

Dmitrieva, D., Chanysheva, A., & Solovyova, V. (2023). A Conceptual Model for the Sustainable Development
of the Arctic’s Mineral Resources Considering Current Global Trends: Future Scenarios, Key Actors, and
Recommendations. Resources, 12(6), 63. https://doi.org/10.3390/resources12060063

Ederington, J., & Minier, ]. (2003). Is Environmental Policy a Secondary Trade Barrier? An Empirical Analysis. Canadian
Journal of Economics, 36(1), 137-154. https://doi.org/10.1111/1540-5982.00007

Fedyunina, A.A., Simachev, Y. V., & Drapkin, I. M. (2023). Intensive and Extensive Margins of Export: Determinants
of Economic Growth in Russian Regions under Sanctions. Ekonomika regiona [Economy of Regions], 19(3), 884-897.
https://doi.org/10.17059/ekon.reg.2023-3-20 (In Russ.)

Fedyunina, A., & Radosevic, S. (2022). The Relationship between R&D, Innovation and Productivity in Emerging
Economies: CDM Model and Alternatives. Economic Systems, 46(3), 100998. https://doi.org/10.1016/j.ecosys.2022.100998

Glazatova, M., & Daniltsev, A. (2020). Main trends in the development of world trade and structural features of Russian
exports. Journal of the New Economic Association, 45(1), 183-192. https://doi.org/10.31737/2221-2264-2020-45-1-8 (In Russ.).

Gong, M., You, Z., Wang, L., & Cheng, J. (2020). Environmental Regulation, Trade Comparative Advantage, and the
Manufacturing Industry’s Green Transformation and Upgrading. International Journal of Environmental Research and
Public Health, 17(8), 2823. https://doi.org/10.3390/ijerph17082823

Grandell, L., Lehtila, A., Kivinen, M., Koljonen, T., Kihlman, S., & Lauri, L. (2016). Role of Critical Metals in the
Future Markets of Clean Energy Technologies. Renewable Energy, 95, 53-62. https://doi.org/10.1016/j.renene.2016.03.102

Hamaguchi, Y. (2023). Environmental Tax Evasion as a Determinant of the Porter and Pollution Haven Hypotheses in a
Corrupt Political System. Economic Analysis and Policy, 79, 610-633. https://doi.org/10.1016/j.eap.2023.06.032

He, L., & Huang, G. (2021). How can Export Improve Firms’ Energy Efficiency? The Role of Innovation
Investment. Structural Change and Economic Dynamics, 59, 90-97. https://doi.org/10.1016/j.strueco.2021.08.017

Islam, M. & Sohag, K. (2023). Mineral Import Demand and Wind Energy Deployment in the USA: Co-integration and
Counterfactual Analysis Approaches. Mineral Economics, 36, 697-717https://doi.org/10.1007/s13563-023-00382-2

Islam, M. M., Sohag, K., & Alam, M. M. (2022). Mineral Import Demand and Clean Energy Transitions in the Top
Mineral-Importing Countries. Resources Policy, 78, 102893. https://doi.org/10.1016/j.resourpol.2022.102893

Islam, M. M., Tareque, M., Moniruzzaman, M., & Ali, M. (2022). Assessment of Export-Led Growth Hypothesis: The
Case of Bangladesh, China, India and Myanmar. Ekonomika regiona [Economy of regions], 18(3), 910-925. https://doi.
org/10.17059/ekon.reg.2022-3-20

Kadochnikov, S. M., & Fedyunina, A.A. (2013). Economic Growth due to Export Externalities: A Spatial Econometric
Analysis for Russian Regions, 2003-2008. International Journal of Economic Policy in Emerging Economies, 6(4), 358.
https://doi.org/10.1504/ijepee.2013.057909

Krane, J., & Idel, R. (2021). More Transitions, Less Risk: How Renewable Energy Reduces Risks from Mining, Trade
and Political Dependence. Energy Research & Social Science, 82, 102311. https://doi.org/10.1016/j.erss.2021.102311

LaPlue, L.D. (2019). The Environmental Effects of Trade Within and Across Sectors. Journal of Environmental
Economics and Management, 94, 118-139. https://doi.org/10.1016/j.jeem.2019.01.007

Lee, D., & Zhang, H. (2022). Export Diversification in Low-Income Countries and Small States: Do Country
Size and Income Level Matter? Structural Change and Economic Dynamics, 60, 250-265. https://doi.org/10.1016/j.
strueco.2021.11.017

Liang, Y., Kleijn, R., & Van Der Voet, E. (2023). Increase in Demand for Critical Materials Under IEA Net-Zero
Emission by 2050 Scenario. Applied Energy, 346, 121400. https://doi.org/10.1016/j.apenergy.2023.121400

Lundaev, V., Solomon, A.A., Le, T., Lohrmann, A., & Breyer, C. (2023). Review of Critical Materials for the Energy
Transition, an Analysis of Global Resources and Production Databases and the State of Material Circularity. Minerals
Engineering, 203, 108282. https://doi.org/10.1016/j.mineng.2023.108282

Ma, T., & Wang, Y. (2021). Globalization and Environment: Effects of International Trade on Emission Intensity
Reduction of Pollutants Causing Global and Local Concerns. Journal of Environmental Management, 297, 113249. https://
doi.org/10.1016/j.jenvman.2021.113249

Makarov, I. A., Chen, H., & Paltsev, S. V. (2018). Impacts of Paris Agreement on Russian economy. Voprosy Ekonomiki,
(4), 76-94. https://doi.org/10.32609/0042-8736-2018-4-76-94 (In Russ.)

Makarov, 1., Chen, H., & Paltsev, S. (2020). Impacts of Climate Change Policies Worldwide on the Russian econ-
omy. Climate Policy, 20(10), 1242-1256. https://doi.org/10.1080/14693062.2020.1781047

Malca, O., Pena-Vinces, J., & Acedo, F. (2019). Export Promotion Programmes as Export Performance Catalysts for SMEs:
Insights from an Emerging Economy. Small Business Economics, 55, 831-851. https://doi.org/10.1007/s11187-019-00185-2

Martus, E. (2019). Russian Industry Responses to Climate Change: The Case of the Metals and Mining Sector. Climate
Policy, 19(1), 17-29. https://doi.org/10.1080/14693062.2018.1448254

JKoHOMMKa peruoHa, T.20, Bbin. 4 (2024)



1206 OTPACJIEBAY 3KOHOMMWKA

Mitrova, T., & Melnikov, Y. (2019). Energy Transition in Russia. Energy Transitions, 3, 73-80. https://doi.org/10.1007/
s41825-019-00016-8

Nordhaus, W. (2015). Climate Clubs: Overcoming Free-riding in International Climate Policy. American Economic
Review, 105(4), 1339-1370. https://doi.org/10.1257/aer.15000001

Olawuyi, D. S. (2021). Can MENA Extractive Industries Support the Global Energy Transition? Current Opportunities
and Future Directions. The Extractive Industries and Society, 8(2), 100685. https://doi.org/10.1016/j.exis.2020.02.003

Perdana, S., Vielle, M., & Schenckery, M. (2022). European Economic Impacts of Cutting Energy Imports from Russia: A
Computable General Equilibrium Analysis. Energy Strategy Reviews, 44(4), 101006. http://dx.doi.org/10.1016/j.esr.2022.101006

Porter, M.E., & Van Der Linde, C. (1995). Toward A New Conception of the Environment-Competitiveness
Relationship. Journal of Economic Perspectives, 9(4), 97-118. https://doi.org/10.1257/jep.9.4.97

Qiang, O., Tian-Tian, W., Ying, D., Zhu-Ping, L., & Jahanger, A. (2021). The impact of environmental regulations on
export trade at provincial level in China: evidence from panel quantile regression. Environmental Science and Pollution
Research, 29(16), 24098-24111. https://doi.org/10.1007/s11356-021-17676-z

Sokhanvar, A., & Sohag, K. (2022). What Does the Clean Energy Transition Look Like for Russian Oil Exports? Energy
Science & Engineering, 10(12), 4512-4519. https://doi.org/10.1002/ese3.1286

Srivastava, N. (2023). Trade in Critical Minerals: Revisiting the Legal Regime in Times of Energy Transition. Resources
Policy, 82, 103491. https://doi.org/10.1016/j.resourpol.2023.103491

Syropoulos, C., Felbermayr, G., Kirilakha, A., Yalcin, E., & Yotov, Y. (2023). The Global Sanctions Data Base
Release 3: COVID-19, Russia, and Multilateral Sanctions. Review of International Economics, 32(1), 12-48. https://doi.
org/10.1111/roie.12691

Tsurumi, T., Managi, S., & Hibiki, A. (2015). Do Environmental Regulations Increase Bilateral Trade Flows? The B.E.
Journal of Economic Analysis and Policy, 15(4), 1549-1577. https://doi.org/10.1515/BEJEAP-2014-0164

Van Beers, C., & Vanden Bergh, J.C.]. M. (1997). An Empirical Multi-Country Analysis of the Impact of Environmental
Regulations on Foreign Trade Flows. Kyklos, 50(1), 29-46. https://doi.org/10.1111/1467-6435.00002

Volchkova, N. (2013). How Costly is Exporting: An Empirical Assessment of Trade Model with Heterogeneous
Firms? SSRN Electronic Journal. https://doi.org/10.2139/ssrn.2243135

Wang, J., Jin, Z., Yang, M., & Nagvi, S. (2021). Does Strict Environmental Regulation Enhance the Global Value Chains
Position of China’s Industrial Sector? Petroleum Science, 18(6), 1899-19009. https://doi.org/10.1016/j.petsci.2021.09.023

Wang, L., Long, Y., & Li, C. (2022). Research on the Impact Mechanism of Heterogeneous Environmental Regulation on
Enterprise Green Technology Innovation. Journal of Environmental Management, 322, 116127. https://doi.org/10.1016/j.
jenvman.2022.116127

Watari, T., McLellan, B. C., Giurco, D., Dominish, E., Yamasue, E., & Nansai, K. (2019). Total material requirement
for the global energy transition to 2050: A focus on transport and electricity. Resources Conservation and Recycling, 148,
91-103. https://doi.org/10.1016/j.resconrec.2019.05.015

Xie, J.,Sun, Q., Wang, S., Li, X., & Fan, F. (2020). Does Environmental Regulation Affect Export Quality? Theory
and Evidence from China. International Journal of Environmental Research and Public Health, 17(21), 8237. https://doi.
org/10.3390/ijerph17218237

Xu, X. (2000). International Trade and Environmental Regulation: Time Series Evidence and Cross Section
Test. Environmental and Resource Economics, 17(3), 233-257. https://doi.org/10.1023/A:1026428806818

Yang, S., Jahanger, A., Hossain, M. R., Wang, Y., & Balsalobre-Lorente, D. (2023). Enhancing export product quality
through innovative cities: A firm-level quasi-natural experiment in China. Economic Analysis and Policy, 79, 462-478.
https://doi.org/10.1016/j.eap.2023.06.031

Yotov, Y. V., Piermartini, R., Monteiro, J., & Larch, M. (2016). An Advanced Guide to Trade Policy Analysis: The
Structural Gravity Model. https://doi.org/10.30875/abc0167e-en

Yu, H., & Zheng, C. (2024). Environmental Regulation, Land Use Efficiency and Industrial Structure Upgrading: Test
Analysis Based on Spatial Durbin Model and Threshold Effect. Heliyon, 10(5), e26508. https://doi.org/10.1016/j.heli-
yon.2024.e26508

Zhu, X., Ding, Q., & Chen, J. (2022). How does Critical Mineral Trade Pattern Affect Renewable Energy Development?
The Mediating Role of Renewable Energy Technological Progress. Energy Economics, 112, 106164. https://doi.
org/10.1016/j.eneco.2022.106164

Information about author

Yulia D. Sokolova — Research Engineer, Assistant Professor, PhD Student, Laboratory for the Natural Resources Policy
at the Graduate School of Economics and Management; Department of Economics at the Graduate School of Economics
and Management; Ural Federal University named after the first President of Russia B. N. Yeltsin, Scopus Author ID:
58172689100 ; https://orcid.org/0000-0002-5991-3061(19, Mira St., Ekaterinburg, Russian Federation, 620002; e-mail:
yu.sokoloval999@gmail.com, iu.d.sokolova@urfu.ru).

Nudopmamnms 06 aBTope

Coxkonona Onus [IMutpueBHa — MH)XEeHep-MCCIeI0BaTelb, aCCUCTEHT, aCIIMPaHT, J1ab0paTopusi SKOHOMUYECKO T10-
JIUTUKU Y TIPUPOINHBIX PECYPCOB, Kadenpa SKOHOMUKHU, VIHCTUTYT SKOHOMMKM U YTpaBIeHUs, YPaabCKuil (enepaibHblii

Ekonomika Regiona [Economy of Regions], 20(4), 2024 www.economyofregions.org


https://www.economyofregions.org

Yulia D. Sokolova 1207

yHuBepcurer umenu mepsoro Ilpesumenta Poccun B. H. Enbumnua r. Exatepmu6ypr; Scopus Author ID: 58172689100;
https://orcid.org/0000-0002-5991-3061 (620002, Poccuiickas @enmepatusi, r. Exkatepun6bypr, yia. Mupa, 19; e-mail:
yu.sokoloval999@gmail.com, iu.d.sokolova@urfu.ru).

Conflict of interests
The author declares no conflicts of interest.

KonduinKT MHTEpecoB
ABTOp 3asBJIsIeT 00 OTCYTCTBUN KOHd)J'II/IKTa MHTEepeCOoB.

Iata noctymnenus pykormicu: 02.08.2024.
IIpomwia penensuposanne: 29.03.2024.
[Tpuusaro pemenne o my6nmkamym: 27.09.2024.

Received: 02 Aug 2024
Reviewed: 29 Mar 2024
Accepted: 27 Sep 2024

DKOHOMMKa pervoHa, T.20, Bbin. 4 (2024)



