CONTEMPORARY WORLD ECONOMY. VOL. 2. No 1(5) 2024

The Impact of Transitional Climate
Risks on Exports: Empirical Evidence
from Russian Regions

Yulia Sokolova

Yulia Sokolova — research engineer at the Laboratory of Natural Resources
Policy, assistant and postgraduate student at the Department of Economics,
Graduate School of Economics and Management of the Ural Federal University
named after the First President of Russia B.N. Yeltsin (UrFU).

ORCID: 0000-0002-5991-3061
Scopus Author ID: 58172689100

For citation: Sokolova, Yu., 2024. The Impact of Transitional Climate Risks
on Exports: Empirical Evidence from Russian Regions. Contemporary World
Economy, Vol. 2, No 1.

DOI: https:/doi.org/10.17323/2949-5776-2024-2-1-45-69

Keywords: exports, global energy transition, transitional climate risks,
renewable energy, Russian regions.

The research was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation under the Development Program
of the Ural Federal University named after the First President of Russia B.N. Yeltsin
in accordance with the Strategic Academic Leadership Program “Priority-2030.”

Abstract

In the face of the government’s exclusive attention to the issues of export
development, the investigation of the determinants of export operations of
Russian regions comes to the forefront. Exporting companies face the following
limiting factors: technological backwardness, inconsistency of goods quality with
international demand, complexity of customs procedures. In the context of the
modern climate agenda, there is a new type of economic risks for exporters—
transitional climate risks. This group of risks is emerging as a result of states’
intentions to achieve the environmental goals set out in the Paris Agreement and
move towards low-carbon development. Transition risks for exporters can appear
in the form of trade restrictions, environmental requirements for goods, and the
willingness of importing countries to substitute less environmentally friendly
exported products. Evaluating the export development of Russian regions
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in the context of transitional climate risks is a nontrivial task. The global energy
transition can generate both risks and opportunities for Russian exports. The
purpose of this paper is to model the impact of transitional climate risks on
the dynamics of Russian regional exports based on data for the period 2013-
2021 using an extended gravity model of international trade. The study has
two distinctive features: a comprehensive analysis is conducted, introducing
transition risks from three different aspects; regional factors determining
the sign of the impact of transitional climate risks on export volumes are
identified. The study reveals that the impact of transitional climate risks on
the export performance of Russian regions is diverse. Firstly, environmental
regulation of trading partners poses risks for many Russian regions, but
promotes exports from regions with the most favorable socio-economic
conditions for innovation and active regional environmental policies. Secondly,
the production of alternative energy sources in partner countries reduces
reliance on Russian energy imports, which jeopardizes the sustainability of
the economies of regions specializing in the extraction of traditional energy
resources. Meanwhile, Russian mineral-rich regions are making a significant
contribution to global energy transition trends as suppliers of critical mineral
resources and are increasing their exports.

Introduction

Export development represents a critical challenge for the Russian economy. In
2018, the government unveiled the ambitious “International Cooperation and
Export” initiative, which aims to significantly boost exports by 2030.! It is widely
acknowledged that the intensification of a country’s export activity is associated with
the strengthening of its economic position in the international arena. This is achieved
by building long-term relationships and providing unique products to the foreign
market. Furthermore, export activity contributes to the growth of the national economy
by expanding production, increasing labor productivity, creating new jobs, as well as
the inflow and redistribution of budgetary funds and foreign currency [Kadochnikov
& Fedyunina 2013; Islam et al. 2022; Fedyunina et al. 2023]. In light of the ongoing
economic crisis in Russia, an examination of potential factors influencing export
growth in different regions is a crucial area of research.

Exporters and companies in Russia that are planning to enter international markets
are confronted with a number of internal and external constraints. The group of
internal constraints includes high production costs, technological backwardness,
limited assortment, inconsistency of goods quality with international demand,
complexity of national customs procedures, ineffective national trade policy, and an

' How state support helps exporters overcome borders and barriers// https:/wwwyvedomosti.ru/
partner/articles/2023/10/19/1000547-gospodderzhka-pomogaet-eksporteram (accessed December 2023).
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unfavorable institutional environment.? Conversely, the list of external constraints
includes the requirements of host markets, trade restrictions, and geopolitical risks
[Volchkova 2013; Glazatova and Daniltsev 2020]. The aforementioned factors have been
extensively examined in the existing literature, and strategies to overcome them have
been partially incorporated into export development strategies.

Additionally, the global climate agenda and the energy transition process can be
considered international challenges faced by Russian companies when exporting.
Consequently, the intentions of countries to achieve the goals of the Paris Agreement
give rise to a novel category of economic risks: transitional climate risks. The primary
distinction between transitional climate risks and physical risks is that companies’
financial losses are not a direct consequence of climate change per se, but rather the
result of public and private sector initiatives aimed at mitigating these changes.

The relevance of transitional climate risks for exporters, especially those countries
that have not adapted to the new low-carbon paradigm, is determined by the following
facts. First, export flows may become subject to regulation due to the peculiarities of the
GHG accounting system, which does not distinguish between producers and consumers,
exporters and importers. Countries tend to shift responsibility to exporters, as they
are direct emitters of greenhouse gases [Makarov and Sokolova 2014]. Secondly, the
international community holds the view that it is impossible to resolve the issue of
global climate change without the involvement of all countries worldwide in the climate
agenda, achieved through the comprehensive dissemination of carbon regulation and
the unification of standards. In light of the current challenges to establishing a unified
global regulatory framework, the most viable approach for activating national climate
policies is through the utilization of carbon regulatory instruments in international
trade [Nordhaus 2015]. Thirdly, the utilization of trade mechanisms to attain carbon
neutrality is also substantiated by the fact that the absence of national climate
regulation serves as a means of sustaining competitive advantages in the international
market. It is postulated that exporters of states with weak climate regulation do not
incur supplementary costs associated with environmental protection and are thus
able to maintain prices at a low level [Makarov and Shuranova 2023]. In other words,
the phenomenon of “environmental protectionism” or “benevolent protectionism” is
becoming increasingly prevalent [Kutyrev et al. 2021; Makarov 2023].

In light of the structure of export supplies and the specific characteristics of
national climate regulation, the transitional climate risks facing Russian exporters can
be broadly classified into three key components: carbon regulation, the development
of alternative energy sources, and the electrification of transportation. Consequently,
the implementation of carbon regulation gives rise to the emergence of trade barriers,
which impose partial or complete restrictions on export flows. Additionally, the
introduction of requirements for Russian products directly impacts the capacity of
goods to compete in international markets [Shirov and Kolpakov 2016; Porfir’ev et al.
2020]. The development of renewable energy and the transition to electric vehicles, in

2 What hinders Russian export: the results of a survey of enterprises (analytical note) // https:/

cbr.ru/StaticHtml/File/120062/analytic_note_apr21_dip.pdf (accessed December 2023); Exporters are
confused by internal problems // https://www.kommersant.ru/doc/4763204 (accessed December 2023).
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turn, affects the demand for Russian traditional energy, which accounts for the majority
of the country’s exports [Saenko and Kolpakov 2021; Albert 2021]. Conversely, recent
literature indicates that the global energy transition presents novel opportunities for
export growth for countries endowed with mineral resources.’ It is well established that
the production of renewable energy capacity, including solar panels and wind turbines,
is dependent on the availability of rare earth elements and base metals [Elshkaki et al.
2016; Valero et al. 2018; Islam et al. 2022; Islam and Sohag 2023; Andersen et al. 2024;
Harpprecht et al. 2024]. Russia plays a pivotal role in the global energy transition,
given its status as the leading producer of numerous critical minerals, including coballt,
nickel, lithium, iridium, palladium, platinum, zinc, copper, and uranium. In light of
Russia’s substantial resource endowments, a number of regions stand to considerably
augment their export revenues [Chupina 2022].

Since the Paris Agreement was signed, the vulnerability of the Russian economy
and exports to the global energy transition has begun to emerge. This is due to the
significant share of the fuel and energy sector in GDP and the high carbon footprint
of exports [Makarov et al. 2020]. However, in the wake of the political upheaval that
unfolded in February 2022, there has been a notable intensification of transitional
climate risks for the Russian economy. Western states have accelerated their plans
to restrict Russia’s carbon-intensive exports and reduce their reliance on Russian
energy imports.*

Furthermore, the redirection of export flows from unfriendly to friendly states
will not fully mitigate the aforementioned transitional climate risks. Firstly, in states
with which Russia has friendly relations, there has been an intensification of climate
policy and the introduction of carbon regulation instruments (a case in point being
China, Kazakhstan, and Turkey®) [Makarov and Shuranova 2023]. Secondly, the
conclusion of export contracts, for example those pertaining to the supply of Russian
energy, may prove challenging due to the absence of the requisite infrastructure.
Third, the markets of friendly states are relatively limited in capacity, and their
solvency may be affected by the imposition of sanctions by Western states. Fourth, the
calculation of emissions across the entire value chain will result in direct purchasers
of Russian goods demanding a carbon footprint if they are to enter global markets
with their products.

In light of the prevailing geopolitical circumstances, the question of how to
effectively oversee the export activities of Russian regions, with due consideration
for the transitional climate risks, has become a pressing concern. The objective of this
study is to examine the impact of various aspects of transitional climate risks on the

3 Minerals for Climate Action: the Mineral Intensity of the Clean Energy Transition // https:/
elperiodicodelaenergia.com/wp-content/uploads/2020/05/20200510-WORLD-BANK-GROUP-Rprt-
MineralsforClimateAction-Transition.pdf (accessed December 2023).

4+ EU completely stops buying Russian coal // https:/www.rbc.ru/politics/10/08/2022/62e229b39a79
4791f3187fe3 (accessed December 2023); EU approves plan to reduce dependence on Russian energy //
https:/www.kommersant.ru/doc/5356577 (accessed December 2023); Carbon tax is still here // https://
www.kommersant.ru/doc/6097901 (accessed December 2023).

*  Carbon Pricing Dashboard // https://carbonpricingdashboard.worldbank.org/ (accessed
December 2023).

46 Yulia Sokolova



CONTEMPORARY WORLD ECONOMY. VOL. 2. No 1(5) 2024

export volumes of Russian regions using econometric tools. Furthermore, the study
seeks to elucidate the regional characteristics that determine the direction of the impact
of the global energy transition on export performance.

In order to address the aforementioned objectives, the study considers three
groups of variables related to the global energy transition. These are: the stringency
of environmental regulation (which can be considered a proxy variable for carbon
regulation), alternative energy production, and countries’ readiness for energy
transition. Secondly, given that regional characteristics may potentially exert an
influence on the impact of the global energy transition on territories, the Russian
regions are divided into subsamples based on their mineral endowment, an index of
socio-economic conditions for innovation, and an index of the region’s openness to the
Green Deal.

To the best of our knowledge, no previous study has examined the intricate
relationship between the global energy transition and export performance for
Russian regions in sufficient detail. This paper addresses this gap in the literature
and contributes to the existing body of knowledge by investigating the relationship
between the global energy transition and export performance using the gravity model
of international trade and estimating it using the FE PPML method based on data for
regions and partner countries for the period 2013-2021. Furthermore, while previous
studies have tended to generalize the findings on exports of the Russian economy, this
study focuses on the heterogeneity of the impact of transition risks on export volumes
by dividing regions into subsamples.

This paper is comprised of four sections. The first section provides an overview
of the concept of transitional climate risks. The second section offers an analysis
of Russia’s economic and export development in the context of the global energy
transition. The third section presents the empirical model utilized in the study. The
fourth section analyzes the empirical results obtained. The conclusion follows.

1. Transitional climate risks: classification and impact on foreign
economic activity

The concept of climate risk gained prominence on the international stage between
2017 and 2019, largely due to the efforts of the Task Force on Climate-Related Financial
Disclosures (TCFD), an initiative spearheaded by the G20.°

Risks pertaining to the environment are classified into two categories:
environmental and climate (see Figure 1 on p. 48). Environmental risks pertain to the
consequences of environmental degradation, depletion of natural resources, increased
emissions of pollutants, reduction of biodiversity, and inefficient waste management.
Climate risks, in contrast, refer to losses resulting from climate change and measures
undertaken by states to mitigate its effects.

The conventional presentation of climate risks is in the form of physical climate
risks, which may be the consequence of abrupt extreme climate conditions (emergency

¢  Task Force on Climate-related Financial Disclosures // https://www.fsb-tcfd.org/ (accessed
December 2023).
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risks) or gradual alterations in the climate system (systematic risks). A salient
characteristic of physical climate risks is their direct impact on the tangible assets of
companies and the state, as well as the quality of life of the population [Weezel 2020;
Buhaug et al. 2023].

A relatively novel category of climate risks pertains to the financial implications
of societal and governmental efforts to mitigate alterations in the Earth’s climate
system. These risks may manifest in various ways, including lawsuits and fines against
companies that fail to implement active measures to achieve carbon neutrality (climate
liability risks), or the “boycotting” of firms that emit significant amounts of greenhouse
gases by state entities, investors, and the public (reputational climate risks), or the need
to bear additional costs associated with the tightening of national climate regulations
(regulatory climate risks) [Sanderson and Stridsland 2022].

This is inextricably linked to the plans of states to shift to low-carbon development.
This involves actively producing alternative energy sources and limiting the
consumption of traditional energy resources, both at the national and global levels.
It also involves integrating “green” technologies into the daily practices of businesses.
This is especially the case through climate regulation and government support for
manufacturers. It further involves shifting preferences towards electric power
and reducing the use of alternative energy sources. Those countries, sectors, and
enterprises that are associated with fossil fuels or dirty production are most vulnerable
to the risks inherent in the transition process.

Figure 1. Classification of climate risks
Risks related to
the environment
Environmental risks Climate risks
Physical Transitional
climate risks climate risks
v v
Emergency risks Systematic risks

v v v

Climate liability Reputational Regulatory
risks climate risks climate risks

Source: compiled by the author from Task Force on Climate-related Financial Disclosures (URL:
https://www.fsb-tcfd.org/, accessed December 2023), Bank of Russia (URL: https://cbr.ru/Content/
Document/File/143643/Consultation_Paper 21122022.pdf, accessed December 2023).
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The impact of climate risks on foreign economic activity can be effectively analyzed
in terms of the impact of these risks on supply and demand (see Figure 2 on p. 49). A
negative impact on exports is a possibility due to the reduction of the country’s export
potential, which is driven by cost increases, higher prices for intermediate goods,
disorganization of business processes, reduced demand from host markets, logistical
problems, and the emergence of trade barriers [Sheng et al. 2022; Carattini et al. 2023].
An increase in exports is also a possibility, due to the rise in productivity (as postulated
by Michael Porter) and the recovery of material losses in importing countries, which
will lead to an increase in demand. Furthermore, diversification of exports is likely to
occur [Porter 1995; Gong et al. 2020; Wang et al. 2021; Chen et al. 2022; Hamaguchi 2023;
Yu and Zheng 2024].

Figure 2. Channels of climate risk impact on supply and demand
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Source: compiled by the author from Task Force on Climate-related Financial Disclosures (URL:
https:/www.fsb-tcfd.org/, accessed December 2023), Bank of Russia (URL: https://cbr.ru/Content/
Document/File/143643/Consultation_Paper_21122022.pdf, accessed December 2023).

2. Russian and regional exports under transitional climate risks:
constraints and opportunities

The assessment of export potential in Russian regions, taking into account the
impact of transitional climate risks, represents a significant challenge. Russia is
among the world’s leading emitters of carbon dioxide on an annual basis. Up to 20%
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of the country’s emissions are attributable to the production of export goods. The
geographical structure of Russian CO, exports is characterized by the prevalence of
groups of countries that have adopted an active stance on environmental issues and
climate policy: the G20 countries, the Organization for Economic Co-operation and
Development (OECD), and the European Union (see Figure 3 on p. 50). However, Russia’s
national climate policy is lagging behind, prompting trading partners to intensify
efforts to achieve global climate goals, including through carbon trading mechanisms
[Makarov and Stepanov 2017].

Figure 3. Dynamics of the Environmental Policy Stringency Index of Russia’s trading
partner countries in 1990-2020
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Source: compiled by the author on the basis of OECDstat (URL: https://stats.oecd.org/Index.
aspx?DataSetCode=EPS, accessed December 2023).

In consideration of the commodity and geographical structure of exports, the
vulnerability of exports of Russian regions to carbon regulation of trading partner
countries can be defined as follows, as illustrated in Figure 4 (p. 51). Conversely, as
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postulated by Porter, trade restrictions and regulations may serve as a catalyst for the
growth of exports from Russian regions, particularly those specializing in the production
of environmentally sensitive goods.

Figure 4. Vulnerability of Russian regions to climate regulation of trading partner countries:
statistical analysis of commodity and geographical structure of exports of the
regions

Not affected

Least affected
Moderately affected
Most affected

Note: the figure was constructed as follows. First, having identified environmentally “sensitive”
export industries and analyzed the commodity structure of exports of Russian regions in 2013-2020,
three groups of regions were identified: regions with absolute dominance of “sensitive” industries,
subjects where the share is in the average range, and those where the share is minimal. It turned out
that, according to the analysis of the export structure, the environmental agenda is not a challenge
for 37 regions. The remaining groups included 22 regions each. In the “red zone” were those regions
whose exports are not diversified and are represented by fuel, ferrous and non-ferrous metals.
Secondly, the 44 “sensitive” regions were given an additional criterion—the share of trading partners
with “strict” environmental policies, and we obtained three groups. We observe that 20 Russian
regions are in the most vulnerable position—they supply environmentally “unsafe” products to
countries that actively implement environmental measures. Hence, we conclude that for 38 Russian
regions the environmental agenda may be a challenge and an export-limiting factor.

The map of Russia is shown in the borders as of September 2022.

Source: compiled by the author on the basis of Customs Statistics of Federal Districts of the
Russian Federation (URL: https://customs.gov.ru/structure/regionalstructure/regional, accessed
December 2023).
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Secondly, 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 constituted the largest
proportion of the geographic structure of Russia’s energy exports. The high dependence
on Russian energy imports has been a significant concern for numerous governments
(see Figure 5 on p. 52). The current policy makers’ intentions to shift away from Russian
imports are driven by a number of factors, including the pursuit of zero emissions,
extreme economic conditions such as shocks in oil and gas markets or the impact of
the global pandemic, and geopolitical considerations that have become increasingly
prominent in 2022 [Perdana et al. (2022), Arndt (2023), Crowley-Vigneau et al. (2023),
Chepeliev et al. (2024), Shang et al. (2024)]. The advancement of alternative energy
sources is regarded as an effective strategy for curbing reliance on imports of Russian
energy carriers. In light of these considerations, the global energy transition process
presents a number of risks for regions that have developed a specialization in the
production of fossil fuels [Sokhanvar and Sohag 2022].

Figure 5. Dependence of trading partner countries on Russian traditional energy imports
in 1991-2021, %
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Source: compiled by the author based on 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).

Third, while energy exporters are at risk, the global energy transition opens up new
growth opportunities for mineral producers in Russian regions. Mineral resources such
as cobalt, nickel, lithium, iridium, palladium, platinum, zinc, copper and uranium in
Russian regions are in demand in the context of alternative energy capacity production in
trading partner countries (see Figure 6 on p. 53). Thus, given Russia’s resource potential,
a number of regions can make a significant contribution to the global energy transition
trends and increase their exports [Cherepovitsyn and Solovyova 2022; Chupina 2022;
Cherepovitsyn et al. 2023].
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Figure 6. Dynamics of demand for mineral raw materials for the production of clean energy
technologies in 2010-2040
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Source: compiled by the author according to IEA (URL: https:/www.iea.org/reports/the-role-of-
critical-minerals-in-clean-energy-transitions/mineral-requirements-for-clean-energy-transitions,
accessed December 2023).

The determinants of transitional climate risks for exports of Russian regions can
be summarized as follows—see Figure 7 (p. 53).

Figure 7. Determinants of transitional climate risks for Russian exporters
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Source: compiled by the author.
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3. Research methodology

The paper answers the research question about the impact of transitional climate risks
on the exports of Russian regions using econometric modeling tools. The theoretical basis
of the study is the gravity model of international trade. For the purposes of the study, the

traditional gravity equation is modified as follows—see Figure 8 (p. 54).

Figure 8. Empirical model

Explanatory variables

— GRPit GRP of the region i at a point in time ¢ Potential
supply of region i
i Population of the region i at a point in time ¢ atapointin time?
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J demand of country j
at a pointin time ¢
P}.t The population of the country j at a point in time ¢
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Dependent
variable 1 =common land border between the region i Logistical
EV,, B. and country j exporters' costs
1
’ ot 0 = otherwise from the region i,
trade barriers
1 = introduction of trade sanctions against Russia atapointintime
Volume of exports TS by the country j at a point in time ¢
from the Russian it | 0=otherwise
region i to a trading ||
partner country j Share of the extractive sector in the GRP structure
at thfe f“ome”t MABit of the region i at a point in time ¢ Potential of region i
oftime ata pointin time ¢
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IPOTit in the all-Russian investment potential
ES Environmental Policy Stringency Index
jt of the countryj at a point in time ¢
Total renewable energy production
RE v
jt in the country j at a point in time ¢
Transitional
sC Cumulative installed solar power capacity climate risks
jt in the country j at a point in time ¢ for the region i
at a pointin time ¢
wce Cumulative installed wind power capacity
jt in the country j at a pointin time ¢
~ ETI Energy Transition Index
jt of the country j at a point in time ¢

Note:i-1, ..., 84 (Russian exporting regions), j =1,..., 204 (foreign trading partner countries), t =2013,

..., 2021 (period of analysis). Data sources for dependent and explanatory variables: EV,, (Federal
Customs Service: Regional Customs Departments, https:/customs.gov.ru/structure/regional), GRP,, P,,
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MAB, (Rosstat, https:/rosstat.gov.ru/folder/210/document/13204/), P, (WDI, https:/data.worldbank.
org/indicator/SP.POP.TOTL?y), D, B, (author’s calculations based on Google Maps), TS, (Syropoulos
et al. 2023), IPOT).t (RAEX, https:/raex-rr.com/regions/investment_appeal/investment_potential of_
regions/2020/), ES, (OECDstat, https://stats.oecd.org/Index.aspx?DataSetCode=EPS), RE, (Energy
Institute Statistical Review of World Energy, https://ourworldindata.org/grapher/modern-renewable-
prod), SC, (IRENA, https://ourworldindata.org/grapher/installed-solar-pv-capacity?tab=map), wc,
(IRENA, https://ourworldindata.org/grapher/cumulative-installed-wind-energy-capacity-gigawatts),
ETI, (WEF, https:/www.weforum.org/publications/fostering-effective-energy-transition-2023/
country-deep-dives-a57a63d0d5/).
Source: compiled by the author.

The export flows from each region of Russia (84) to each trading partner country
(204) over the period 2013-2021 are considered as a pairwise dependent variable of
the empirical model. The total number of observations is approximately 155,000. The
explanatory variables are represented by five blocks, designed to capture the impact
of potential supply from the region and demand in the host markets, transportation
costs, trade barriers, and transitional climate risks on export volumes. In turn,
transitional climate risks are represented by three key components, which are as
follows: The stringency of environmental policies of importing countries (ES)),
alternative energy production in host economies, installed alternative energy
capacity (SC,, WC,), and the Energy Transition Index (ETL) in trading partner
countries are the explanatory variables. The study posits that an increase in the
index of environmental policy stringency indicates a greater likelihood of the
government implementing trade barriers to limit the competitiveness of countries
without active climate policies. The production volumes of alternative energy
in importing countries may be indicative of a potential reduction in demand for
conventional Russian energy. In conclusion, the global energy transition process
is contingent upon the utilization of mineral products to facilitate the production
of alternative energy capacity and electric vehicles. Consequently, the potential
demand of importing countries for mineral products from Russian regions is
represented by the accumulated alternative energy capacity and the Energy
Transition Index.

The study posits that the impact of transitional climate risks varies across
Russian regions, contingent on their respective socio-economic characteristics and
the idiosyncrasies of their climate policy. For this reason, the analysis is conducted
in two principal axes. The initial approach entails evaluating the influence of each
transient climate risk factor on the exports of Russian regions, with the analysis
stratified by the degree of mineral endowment. The second direction of the analysis
entails an assessment of the impact of the stringency of environmental regulation
(one of the components of the global energy transition) on the export performance
of Russian regions. At this juncture, the role of regional socio-economic conditions
of innovation and climate policy in shaping the impact of climate regulation of host
markets on the export performance of Russian regions is under investigation (see
Figure 9 on p. 56).
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Figure 9. Research methodology
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What is the role of regional climate pllicy in shaping the impact of importing
countries' climate policy stringency on export volumes?

Note: division of regions depending on mineral resources endowment is made by means of
cluster analysis (k-means method) on the basis of Rosstat data (https:/rosstat.gov.ru/folder/210/
document/13204/) on the share of extractive sector in the GRP structure of the region; division of regions
depending on socio-economic conditions of innovation activity is made by means of cluster analysis
(k-means method) on the basis of Higher School of Economics data (https:/www.hse.ru/primarydata/
rir) on the index of socio-economic conditions of innovation activity; the division of regions according
to the degree of climate policy development is based on data on the index of Russian regions' openness
to the Green Deal (https:/esg-library.mgimo.ru/publications/reyting-otkrytosti-regionov-rossii-k-
zelyenomu-kursu/).

Source: compiled by the author.
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The estimation of a gravity model is a challenging undertaking. The gravity model
is subject to a number of econometric issues, including the presence of zero trade
flows, heteroscedasticity, endogeneity, and the influence of unobserved factors [Yotov
et al. 2016]. The Poisson pseudo maximum likelihood (PPML) method is an effective
solution to the aforementioned issues. The method permits the incorporation of
exporter and importer fixed effects, in addition to pairwise effects, into the model. This
enables the control of the influence of unobserved factors. The approach employs the
Poisson maximum likelihood function to estimate the gravity equation directly from its
multiplicative form. Furthermore, this approach accounts for heteroscedasticity in the
data, as demonstrated by Correia et al. (2019).

4. Results of empirical analysis and discussion

This study investigates the relationship between transitional climate risks and the value
of exports of Russian regions using a gravity model of international trade, estimated by
the PPML method. The results for the total subsample of Russian regions are presented in
Table 1 onp. 57. The primary factors influencing the growth of exports from Russian regions
are: The gross regional product (GRP) of the region in question, the gross domestic product
(GDP) of the trading partner, the existence of a common land border between the exporting
and importing regions, the availability of natural resources, and the level of investment
potential are the primary factors influencing export performance. The costs associated
with transportation and the implementation of trade restrictions have been identified as
factors that exert a detrimental influence on the export performance of Russian regions.

A negative correlation is observed between the climate regulation of trading partner
countries and the export performance of Russian regions. This dependence can be attributed
to the following factors: carbon regulation acts as a trade barrier; the requirements of
importing countries increase the costs of Russian exporters, which negatively affects
competitiveness; Russian companies respond inefficiently to these requirements.

Table 1 also demonstrates that the influence of alternative energy generation in
importing countries on the exports of Russian regions is similarly adverse, indicating
the displacement of Russian energy by alternative energy sources. A similar conclusion
is reached by a study conducted by Sokhanvar and Sohag (2022).

Table 1. Results of modeling the impact of transitional climate risks on export volumes of
all Russian regions

Variables Model 1 Model 2 Model 3 Model 4 Model 5

IGRP,, 0.802*** 0.677*** 0.672*** 0.680*** 0.674***
(0.088) (0.069) (0.069) (0.071) (0.072)

LGDP, 0.848*** 0.804*** 0.758*** 0.755*** 0.772***
(0.035) (0.027) (0.020) (0.021) (0.021)

1P, 0.008 0.069 0.050 0.063 0.049
(0.070) (0.061) (0.062) (0.062) (0.064)
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Variables Model 1 Model 2 Model 3 Model 4 Model 5
lP).t -0.138* -0.045* -0.066* -0.046* -0.059*
(0.017) (0.014) (0.014) (0.014) (0.013)
lDij -1.536*** -1.583*** -1.559*** -1.555%** -1.509***
(0.074) (0.042) (0.041) (0.046) (0.046)
11 +Bii) 0.862*** 0.676*** 0.752*** 0.661*** 0.713***
(0.221) (0.129) (0.129) (0.132) (0.143)
IMAB, 0.315*** 0.268*** 0.263*** 0.270*** 0.271***
(0.123) (0.016) (0.016) (0.016) (0.017)
LIPOT, 0.362** 0.491*** 0.508*** 0.490*** 0.505***
(0.135) (0.094) (0.095) (0.090) (0.099)
11+ TSJ.t) -0.951*** -0.666*** -0.731*** -0.757*** -0.608***
(0.123) (0.089) (0.088) (0.088) (0.099)
lES].t -0.341**
(0.099)
lREjt -0.140***
(0.010)
lSCit 0.030*
(0.010)
lWCjt -0.010*
(0.006)
lETIit -0.189
(0.164)
Pseudo R? 0.580 0.652 0.673 0.640 0.510

Note: *** - significance at 1% level, ** - significance at 5% level, * - significance at 10% level. Models
1-5 show the impact of transitional climate risks on the export volumes of Russian regions. Since
transitional climate risks are considered in different aspects, 5 different models were formulated. Model
1 reflects the impact of environmental regulation stringency. Model 2 is designed to assess the role of
renewable energy production in trading partner countries. Models 3, 4, 5 analyze how readiness for
energy transition in importing countries affects exports.

Source: calculated by the author.

Table 1 illustrates a negative correlation between the climate regulation of trading
partner countries and the export earnings of all Russian regions. However, based on the
findings of the literature review, the study posits that the stringency of climate policy
may also contribute to the export growth of some Russian regions.

The empirical analysis permits the conclusion that the stimulating effect is observed
in the case of regions with favorable conditions for innovation activity and active climate
policy (see Table 2 on p. 59). When the innovation potential is considered separately,
a positive effect is observed for regions such as the Republic of Tatarstan, Moscow, St.
Petersburg, Sverdlovsk Oblast and Tomsk Oblast. Conversely, a negative effect is observed
in Altai Krai, Bryansk Oblast, Zabaykalsky Krai, Kurgan Oblast, and other regions. With
regard to the role of climate policy, a positive effect is observed in the case of Sakhalin
Oblast, Sverdlovsk Oblast, Tomsk Oblast, Ulyanovsk Oblast, Khanty-Mansi Autonomous
Okrug, and Yamalo-Nenets Autonomous Okrug. The negative effect is observed in the
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case of Amur Oblast, Voronezh Oblast, Lipetsk Oblast, and others. Firstly, the developed
innovation environment of the region allows companies to respond effectively to
regulations and requirements. In point of fact, companies in such regions are presented
with considerable opportunities to implement environmental innovations, technologies,
and qualitative changes in products. Moreover, due to the higher labor productivity
observed in these regions, firms are able to internalize environmental costs in an efficient
manner. Our findings corroborate those of Costantini and Mazzanti (2012). Secondly, the
implementation of climate regulation in importing countries has a negligible impact
on regions that have their own environmental initiatives in place, as the products
manufactured by firms in these regions already comply with the majority of environmental
requirements. Furthermore, the implementation of active regional climate policies can
facilitate export diversification and the development of new markets. This result lends
support to the findings of Wang et al. (2022).

Table 2. Modeling results of the impact of environmental regulation strictness on export
volumes of Russian regions: the role of socio-economic conditions of innovation
activity and regional climate policy

Variables The role of socio-economic conditions for innovation The role of regional environmental policy
Russian regions | Russian regions | Russian regions | Russian regions | Russian regions | Russian regions
with favorable with moderate | with unfavorable with active with moderate with “lagging”
socio-economic | socio-economic | socio-economic | climate policy climate policy climate policy
conditions conditions for conditions for
for innovation innovation innovation
activity activity activity
lGRPu 1.143*** 1.396*** 3.222%** 3.222%** 0.725*** 0.842***
(0.307) (0.101) (0.190) (0.190) (0.154) (0.210)
lGDPjt 1.066*** 1.112%** 0.959*** 0.959*** 0.914*** 0.657***
(0.077) (0.080) (0.258) (0.258) (0.075) (0.066)
an 0.121 -0.882*** -1.108*** -1,108*** -0.536*** -0.168
(0.207) (0.118) (0.186) (0.186) (0.128) (0.145)
lP}.t 0.057 0.166*** -0.021 -0.021 0.115 -0.002
(0.058) (0.058) (0.122) (0.122) (0.075) (0.045)
lDi). -1.467*** -1.881*** -0.793*** -0.793*** -1.129*** -1.560***
(0.173) (0.077) (0.187) (0.187) (0.103) (0.130)
1(1+ Bﬁ) 0.956*** 0.649*** 0.910*** 0.910*** 0.198 0.671***
(0.211) (0.178) (0.248) (0.248) (0.081) (0.123)
lMABit 0.209*** 0.287*** 0.404*** 0.404*** 0.224*** 0.221***
(0.060) (0.030) (0.067) (0.067) (0.042) (0.031)
lIPOTu 0.347** 0.486*** -1.058 -1.058 0.961*** 0.315
(0.026) (0.123) (0.629) (0.629) (0.143) (0.207)
11+ TS).) -0.604* -0.757*** -1.934* -1.934* -0.623* -1.056
(0.281) (0.242) (0.789) (0.789) (0.302) (0.245)
lESjt 0.307*** -1.004*** -0.321 -0.321 0.028* -0.634***
(0.120) (0.194) (0.371) (0.371) (0.016) (0.190)
PseudoR? 0.640 0.581 0.529 0.529 0.612 0.590

Note: *** - significance at 1% level, ** - significance at 5% level, * - significance at 10% level.
Source: calculated by the author.
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The results presented in Table 3 (p. 61) permit the formulation of a conclusion
regarding the role of mineral resource endowment in Russian regions in shaping the
impact of transitional climate risks on export volumes. The results indicate that the
impact of installed solar and wind power capacity and the Energy Transition Index of
the importing country have a positive impact on exports of regions that are moderately
endowed and rich in mineral resources. These regions include Magadan, Orenburg,
Sakhalin Oblasts, Komi Republic, Murmansk, Kursk, Sverdlovsk Oblasts, Perm Krai,
Republic of Karelia, and others. The study finds that the global energy transition presents
these regions with a greater number of opportunities than risks. This conclusion is
consistent with the findings of a recent study by Islam et al. (2022).

Conclusion

Russian companies that are contemplating the expansion of their operations into
international markets are confronted with a number of constraints, including elevated
production costs, technological backwardness, and a discrepancy between the quality
of their goods and the demands of the international market. In the context of the global
climate agenda, Russian exporting companies are exposed to a novel category of
economic risks, namely transitional climate risks.

From the perspective of the Russian economy and its exports, the global energy
transition represents a significant vulnerability. This is due to the considerable
contribution of the energy sector to GDP and the elevated carbon footprint associated
with exports. Conversely, existing literature suggests that exports from countries
with substantial mineral resources may increase during the energy transition. This
is due to the fact that the production of alternative energy technologies requires the
active use of mineral raw materials. Furthermore, the expansion of Russian regional
exports can be attributed to another factor: the intensification of climate regulations,
which are an integral aspect of transitional climate risks, compels companies to
integrate green technologies into their routine operations, thereby enhancing their
competitiveness.

The empirical results of the study demonstrate that, first, there is a negative
relationship between the strictness of environmental regulation of trading partners
and export volumes for the Russian economy. However, a stimulating effect is observed
in the case of regions with a favorable innovation environment and active climate policy.
Secondly, the process of global energy transition and the widespread use of alternative
energy sources in importing countries serve to reduce dependence on Russian energy
imports, which in turn undermines the economic stability of Russian regions that have
developed a specialization in energy exports. Conversely, Russian regions with rich
mineral resources, which are the primary suppliers of critical minerals essential for the
production of alternative energy sources and electric vehicles, stand to gain the most
from the energy transition process.

In light of these findings, recommendations can be formulated for the mitigation of
risks and the exploitation of opportunities for different groups of regions in the context
of the global energy transition (see Figure 10 on p. 62).
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Figure 10.  Directions of the research recommendations on minimizing risks and effective
use of opportunities for exporters of Russian regions in the context of the global

energy transition

Directions for
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of the Russian Federation,
taking into account
regional characteristics

Minimizing risks
associated with
displacement of Russian
traditional energy
by alternative energy
sources

Development of climate policy

Diversification
of the economy of the regions
of the Russian Federation

Orientation towards
high value-added products

— Participation in value chains

I Updating the technological base

Development
of the alternative energy sector

Effectively harnessing
the opportunities
generated
by the global energy
transition
process

Development of rare-earth
and non-ferrous metal reserves

Maintaining

the competitiveness
I—» of the steel sector

in the context

of carbon regulation

Upgrading the technological

L base of metallurgical
and mining enterprises

Stimulating the development
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The conclusions presented in this study are based on an analysis of trade flows for
the period between 2013 and 2021. Therefore, the analysis of the impact of transitional
climate risks on the export performance of Russian regions does not consider the
period of notable intensification of geopolitical risks, which resulted in alterations
to the structure and reorientation of exports. This is due to the unavailability of data
on the export volumes of each Russian region to each trading partner country after
January 2022. Notwithstanding the aforementioned limitations, the proliferation of
carbon regulation, coupled with the advancements in the field of alternative energy
and electric vehicles across an expanding number of countries, reinforce the continued
relevance of the primary conclusions and recommendations presented in Figure 10,
particularly in the context of the events that unfolded in 2022.
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