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Exposure to trade disruptions in case of the Russia-Ukraine conflict: a

product network approach

The recent outbreak of the Russia-Ukraine military conflict is expected to affect the
world economy through global value chains due to sanctions imposed on the Russian
economy and a severe decline in Ukrainian production. This study provides a first-cut
analysis of the possible economic impact of this war on third countries. Using product-
level export data from international trade statistics, we first identify the most important
products exported by Ukraine and Russia. Then, applying a comprehensive indicator of
exposure, we measure the dependence of third countries on products imported from
Ukraine or Russia, taking into consideration indirect trade connections and the
substitutability of imports with domestic production. The results show that Ukraine is
dominant in global trade through exporting iron products and agricultural products,
while Russia is important through exporting energy sources, raw materials, and iron
products. Analysing countries’ total exposures, we found that the post-Soviet and
European countries have high exposure to Russian imports, confirming the energy
dependence of these countries. The Middle East and African countries heavily depend
on Ukraine, especially for grain imports, possibly causing food security problems.
Finally, the results explain why some European countries hesitate to apply sanctions on

Russia in the field of energy sources.

Keywords: international trade, global value chains, Russia-Ukraine war, network

analysis, exposure

Introduction

Recent decades have witnessed a significant increase in global trade. While
specialization and trade has always been an important channel of economic development, the
spatial fragmentation of production activities has led to globally organized supply chains and
production networks, which resulted in an increased interconnection of economies (Johnson
and Noguera 2012; Baldwin and Lopez-Gonzalez 2015; Wang et al. 2017). A complex system
of economic relations emerges from this increased interconnectedness with mutually

dependent countries and actors sitting at the nodes of this system.



While this process undoubtedly brings efficiency and provides opportunities for
developing countries to get involved in the global division of labour (Cristelli, Tacchella and
Pietronero 2015; Straka, Caldarelli, and Saracco 2017), the price that must be paid for these
benefits is the systematic risk emerging from the increased interconnectedness (Fang et al.
2020; Iloskics, Sebestyén and Braun 2021; Barrot, Grassi and Sauvagnat 2020; Bonadio et al.
2021; Guan et al. 2020; Sheng 2010; Schweitzer et al. 2009; He and Deem 2010). Through
the process of specialization, the nodes and the edges of the global production network
become increasingly exposed to certain disruptions, when adjustment of the supply chains
requires longer periods of time. As a result of the strong interconnectedness, these disruptions
can lead to cascades of shock transmission across countries, even if the disruption is localized
(Barrot, Grassi and Sauvagnat 2020; Fang et al. 2020; Guan et al. 2020).

The Covid-19 pandemic illustrated a truly exogenous, but global shock, where
countries had to implement restrictions on economic activity in general, almost
symmetrically, leading to serious disruptions in supply chains and transportation. Although
these restrictions have been released since then, the gradual adjustment and connected price
effects are still influencing the economic landscape (Vidya and Prabheesh 2020; Baldwin and
Freeman 2020; Barrot, Grassi and Sauvagnat 2020; Guan et al. 2020; Bacchetta et al. 2021;
Castafieda-Navarrete and Lopez-Gomez 2020; Simola 2021). A more local, but emblematic
episode was the grounding of the Ever Given vessel in the Suez Canal, the estimated cost of
which was 40 million USD per hour, considering the hundreds of other ships forced to wait on
the sea for days (Lee and Wong 2021). While the Covid-19 pandemic is an example of
disruptions in the operation of the nodes of the global production network, thus expected to
affect all countries to certain levels, the blocked transportation route by the vessel showcases

a disruption at one edge in this complex system and how it affects other parts of it.



The recent war between Russia and Ukraine is another example of such disruptions. In
this case, two nodes of the production and supply network are the origin of the causal links of
economic consequences. The Russia-Ukraine war has negative impacts on these countries’
economic activity for different reasons. In Ukraine, the armed conflict has destroyed the
infrastructure, stopped transportation, including international trade, and chased away a
significant share of the workforce. In contrast, Russia has found itself in a difficult position
through various economic sanctions, such as restrictions on international financial operations,
a ban on Russian import and export of certain products in several other countries or breaking
the connections of Western companies with the Russian partners and economy.*

The present situation is not without antecedents, as in 2014, when Russia annexed
Crimea and Sevastopol, the European Union, the United States and some other countries,
responded by imposing sanctions against Russia. As a result of the embargo, Cheptea and
Gaigné (2020) estimated the loss of the European Union exports to Russia at an average 125
million euro per month. However, exports of the banned products have been redirected from
Russia, so total exports of EU have even increased under the Russian embargo.

Based on analyses using CGIl models Boulanger et al. (2016) have found similar
results, Russia suffered the heaviest losses with an income loss of roughly 3.4 billion euro.
This has been accompanied by a significant welfare loss of 1.84% in Russia according to the
calculations of Hinz and Monastyrenko (2022). Food prices increased by 7.7%-14.9% in the
short term, but prices have remained permanently higher for at least 2 years. This price shock
has trickled down to the non-embargo sectors through domestic input and output links (Hinz
and Monastyrenko 2022).

These shocks hit international relations directly and strongly in the case of both Russia
and Ukraine, which can also lead to supply disruptions in other countries. The position of

Russia and Ukraine in the global value chain has long been a subject of interest in the



literature. These studies focus on the heavy economic dependence between the two countries
on the one hand (Smolansky 1999), and on the energy dependence of the EU on Russia on the
other (Laurila 2003).

After the Russia-Ukraine conflict in Crimea, several studies (Giiney 2014) drew
attention to the risk of the energy dependence of the EU on Russia. However, this dependence
is not one-sided. Kuzmenko et al. (2017) examined Russia’s dependence on crude oil between
2000 and 2014. According to the study, the Russian economy should focus on export-oriented
development based on “non-oil” exports. Despite the recommendation of the study, the role of
crude oil exports will remain dominant in the Russian economy.

Bearing these in mind, this study focuses on the extent to which third countries depend
on imports from (exports of) Ukraine and Russia within product networks. We provide a first-
cut analysis of the potential economic impact of the war between Russia and Ukraine. We
build on trade data to estimate the exposure of countries to these economies, which, albeit for
different reasons, suffer from the economic consequences of military actions. These economic
developments are spread across the globe through intensive trade relations and supply chains,
leading to adjustment pressures in the short run and potential restructuring in the long run.
This study focuses on the short-term impacts by looking at the relative exposure of countries
to these shocks. In this attempt, we rely on commodity trade data, which has at least two
advantages over industry-level input-output data. First, instead of the typical aggregation level
of world input-output data (e.g., WIOD (Timmer et al. 2015) or ICIO (OECD 2021)), we have
a very detailed overview of different commodities and trade. Second, comprehensive input-
output datasets are relatively limited in their geographical coverage, most importantly the key
countries of the present conflict are not included in either the WIOD or ICIO datasets.
Commaodity trade data, on the other hand, provides a much broader geographical scope of the

data, including these key countries. A clear limitation of commodity trade data is that we miss



the fine overlook of input-output datasets on intra-country commaodity flows between
economic actors. However, we try to compensate for this drawback by using a network
approach in the analysis, applied to the commaodity-level trade network, which can proxy
some aspects of traditional input-output analysis. Also, we point out that relying on
commodity trade data at the country level is suitable for tackling the question of short-term
exposure and impacts, input-output and computable general equilibrium (CGE) models may
provide a better understanding of long-term effects and restructuring of the global economy.

The rest of the paper is structured as follows. Next, we provide an overview of the
applied data sources and the methods that we used to filter the relevant commodities and to
construct country-specific exposure indices. Then, we present the empirical findings based on
this data and methodology, while a further section discusses the results and draws our

conclusions from the study.

Data and method

Data

In this study, we rely on international trade statistics provided by the UN Comtrade Database
to identify the most important goods exported by Ukraine and Russia on the one hand, and to
analyse the dependencies of other countries from the latter two countries on the other. In order
to separate the potential effects of the Russia-Ukraine war on global value chains from the
structural changes in international trade caused by the COVID-19 pandemic, we use data for
2019, reflecting trade structure in the pre-pandemic period. Along with these principles, we
collected product-level trade data for 152 countries, using SITC revision 4 classification at the
4-digit level. This sample of countries accounts for 93.6 percent of total world GDP, thereby

covering a significant part of the world economy.?



In contrast to aggregated sectoral input-output data, product-level trade data provide
an opportunity for a much deeper and focused analysis with a broader coverage of countries.
As we have mentioned in the Introduction, multiregional input-output data (for example,
WIOD (Timmer et al. 2015) or ICIO tables (OECD 2021)) can provide a basis of more
accurate economic analysis through input-output and CGE models, but these tables contain
fewer countries, most importantly, data for Ukraine is not available. On the other hand, these
databases contain information on sectoral trade flows at a much higher level of aggregation
and the key unit of analysis, an aggregated industry may cover very heterogenous sets of

commaodities both at the input and output sides.

Methodology

This section consists of three different parts. In the first part, we describe the calculation of
revealed comparative advantage of Russia and Ukraine based on their export data. This
method allows the identification of those products in which these two countries play an
important role. In the second step, we define the product-level networks and the measurement
of countries’ position in these networks. By degree-centrality and eigenvalue-centrality, we
can check whether Ukraine or Russia is a central actor in the trade of these identified
products. Finally, we introduce a dependency indicator that captures the countries’ exposure

to Ukrainian and Russian imports.

Revealed Comparative Advantage

Economies export hundreds of different goods and services. Most of them represent a small
weight, while few products have a much higher role in the export portfolio. We calculate the
role of the products in countries’ export by measuring the revealed comparative advantage
(RCA) method, proposed by Balassa (1965). In this concept, we compare a product’s share

within the export portfolio of a given country to this product’s share in the entire global trade.



A country has a revealed comparative advantage in a product if it exports this product more

intensively than expected, according to world average. We introduce x; ,, as the export value

of country i in product p, and using this notation, RCA can be defined as

RCA. . = xl_p/ﬂ (1)

ip = :
P Spxip! TipXip

If RCA;, > 1, country i has revealed comparative advantage in the export of product
p, butif RCA; , < 1, it has a revealed comparative disadvantage in terms of this product.
Larger values of RCA; ,, indicates that country i has a more dominant role in global trade in
terms of producing and exporting product p. In a case of a shock, like a lockdown triggered
by COVID-19 or a military conflict, this country may have a strong effect on others through
international relations, causing product shortages and rising prices. We use this indicator to

reveal those products in the global trade Ukraine and Russia play an important role in.

Product networks and the position of countries

Once the relevant products are selected on the basis of RCA, we map the product-level trade
networks and examine how central Ukraine and Russia are in these networks. By RCA, we
can measure how important a product is in a country's export basket relatively to the world
average. In contrast, using different centralities, we can determine how important a country is
in the global trade of this product.

These networks are described by the adjacency matrices W?, where the vertices are
the countries and the (weighted) edges are export values of product p. Thus, the general
element w;;,, of this matrix shows the value of export in product p going from country i to
country j. This network is directed, reflecting that export of country i to country j is different
from the export of country j to country i. In what follows, we also refer to the network of

export connections in terms of a given product p as network p.



The simplest way to determine the position of a country is to calculate how much it
exports to others. Mathematically, it means that we sum the weighted links from this country

to others:

Xip = 2jWijp- 2)

In terms of network analysis, x; ,, is the out-degree centrality of country i. Similarly,

we can also determine the total import, in other words, the in-degree centrality of a country:

m;, = Zj Wiip- 3)

Due to the better comparison of countries’ positions in different product networks, we

normalize the out-degree in the following way:

= _ xi_p
Xip = max(xip)' (4)

An advantage of the previous measures is that they are straightforward to calculate and
have a clear interpretation: out- and in-degree reflect total exports and imports of product p in
case of country i, while normalized out-degree reflects the export share of product p. But
these measures only reflect the direct links and do not consider the embeddedness of nodes
(countries) within the broader network. However, due to tax optimization, circumventing
import and export restrictions and critical transportation routes, products may often reach their
destination through an intermediate country (see e.g. Lemmers and Wong 2019; Lau, Chen
and Xiong 2017; Ferrantino and Wang 2008; Fisman et al. 2008). In one case, a country may
simply re-export the products that it imported from elsewhere, being an intermediate country
on a transportation route between the origin and target countries. However, it may also
happen that this intermediate country consumes the imported products and exports its own

production. In this case, if import drops out, the country can substitute it by reducing its



export. For this reason, the origin country from which this intermediary country imports can
exert an indirect impact on target countries, which import from the intermediate country. This
way or the other, countries’ position in the broader product network also depends on these
intermediary roles measured by high export volumes between an origin and target country.
Because of this, we also apply eigenvector-centrality to detect most central countries. This
centrality takes into account the neighbours’ position in the network of a country and can be

defined as follows (Bonacich 1987):
1
Cip = 7 2 WijpCip: (5)

where c; ,, is the eigenvector-centrality of country i in network p and 4,, is the dominant
eigenvalue of matrix WP, The definition in equation (5) is recursive, and collecting the c; ,,
centrality scores into the vector c,, (5) can be written in the matrix form as c,4, = WPc,,
which is an eigenvector problem. Solving this problem and choosing the eigenvector c,

corresponding to the dominant (largest) eigenvalue of matrix WP gives the needed centrality
scores. This approach to capture the wider embeddedness of a given node within the whole
network is based on the intuition that a node or actor is more central, if it is surrounded by
other more central nodes or actors. The same logic is used in other centrality measures like the
PageRank centrality (Brin and Page 1998) or the Scimago Journal Rank (SJR) scores. Also,
eigenvector centrality as defined in (5) has a close connection to the Leontief-inverse in input-
output analysis. The Leontief-inverse matrix represents how a given sector is affected by a
demand-side shock in any other sector. The row-sums or row-means of the Leontief inverse
matrix thus reflects how a given sector is affected, on average, by demand side shocks.
Aldasoro and Angeloni (2015) show that these averages, also known as Rasmussen-
Hirschman indices, converge to the eigenvector centrality in the limit. It follows that

eigenvector centrality, apart from being a measure of wider embeddedness of nodes within a



network, also captures the extent to which these nodes play important roles in the
transmission of economic shocks.

In the study, we use eigenvector centrality to support the choice of product categories
to be analysed. In addition to revealed comparative advantage and export volume, which
reflect the importance of a given product within a specific country’s export portfolio,
eigenvector centrality reflects the relative importance that this country plays on the global

market in terms of a given product category.

Measuring exposure

In the previous subsection, we have shown some methods to measure the countries’
position in the trade network as exporters. In the next step, we define an indicator to calculate
the total exposure of a given country to another which is determined by several factors.

In the first place, if a country imports a product directly from Ukraine or Russia at a
larger extent, then the breakdown of this import relationship is more likely to lead to a
shortage of this product within the domestic production activities. We can formalize this

direct exposure (DE) of country j from country i in network p as follows:

Wi j,
DEij,p = P (6)

1)
Mjp

where m; ,, is the total import, in other words, the in-degree centrality of country j. If DE;;,, =
1, country j imports product p exclusively from country i, but if DE;; ,, = 0, there is no
import links in this direction.

As mentioned earlier, indirect connections can play a crucial role in international trade
due to the tax avoidance and transportation hubs (see e.g. Lemmers and Wong 2019; Lau,
Chen and Xiong 2017; Ferrantino and Wang 2008; Fisman, Moustakerski, and Wei 2008).

This means that a country may also have indirect exposure to another country because it



imports a given product through an intermediate actor. This indirect exposure (IE) can be

written as follows:

IEj , = Yizk, j=k DEikp * €xp * DEy », (7)

where

Xk,p Xk,p
ek,p = . mk_p (8)
1, if H >1

The first term in the right-hand side of equation (7) denotes the direct exposure of
intermediate country k to the origin country i, while the third term shows the direct exposure
of the target country j to intermediate country k. The second term, e, ,, shows the ratio of the
intermediate country’s import and export of the product. If the export volume is larger than its
import, this intermediate country produces a large part of the export itself, which reduces the
exposure of the target country on the origin country. This indirect exposure is IE;; , = 1 if the
target country j imports a product p exclusively from intermediate country k and the latter
imports the same product exclusively from origin country i, while the intermediate country is
a net importer of this product. Also, this must be true for all possible intermediate countries.

Indirect exposure is IE;;,, = 0, if any of the terms in equation (7) is zero, i.e. either the target

country is independent of the intermediate country k, or the latter is independent of the origin
country i in terms of importing product p, or the intermediate country does not import this
product at all. Also, this must be true for all possible intermediate countries.

This formulation also draws attention to the third factor of exposure. Countries have
the opportunity to mitigate the effect of disruptions in imports from Ukraine or Russia by
constraining their own export of these products, thus still satisfying domestic demand.® In this

context, we assume that imports of product p can be replaced by exports of the same product



category. This assumption is supported by the relatively detailed disaggregation level of
product categories (4 -digit SITC) that we use in the analysis which ensures a relatively close
substitutability on the import and export sides. However, potential significant quality
differences may hinder this substitutability, but we do not have information on this. The
intuition behind the formulation in (7) and (8) is that exposure may be low even if the direct
and indirect exposure is high, but the country can replace imports through reducing its exports
of the same product. Based on this, we define the substitutability of imports (SI) with exports

as follows:

b if P <,
Ship,=1{ "7 i 9)
TP, ipEE s,

Mjp

where the numerator reflects the out-degree of country i, while the denominator is the in-
degree.
Finally, the total exposure of country j on country i can be written as

DE;;, + 1E;;,, — Slijp, if DEjj,

TEijp = {0, if DE;

> SIL_],p’
+IE; (10)

Jp J.p < Slij,p'

Using this exposure indicator, we can measure how countries depend on Russia and
Ukraine in the product networks, taking into account direct and indirect relations, and the

substitutability of imports by exports.

Empirical analysis

In this section, we first identify the most important export products of Ukraine and Russia,
then measure how central these countries are in the product-level networks. In the second
part, we present the extent to which third countries are dependent on imports from Ukraine

and Russia, also illustrating the role of indirect exposure and the substitutability of imports



with exports of the same product. At the end of the section, we show the role of indirect trade

relations and the substitutability of imports through two different examples.

Product selection

According to the international trade statistics provided by the UN Comtrade database, Ukraine
exported 948 different products in 2019, while Russia exported 1002. We calculate the
revealed comparative advantage (RCA) for all products in both countries as in equation (1).
These calculations show that Ukraine has revealed comparative advantage (i.e. RCA > 1) in
the production of 190 goods, while Russia is shown to have revealed comparative advantage
in 133 goods. Considering this high number of products, we restrict further analysis on third
countries’ exposure to trade with Ukraine and Russia only to the most important products
exported by these two countries. As a starting point, we select five-five products in both
countries which have the highest RCA score. This corresponds to approximately 0.5% of all
exported products. As a second step, we ordered the export products of the two countries
according to their volumes (exports in USD). Naturally, these products also have high RCA
values, although not necessarily in the top five. In the third step, we choose the union of these
two sets of top five products (RCA and export volume) as the relevant product portfolios for
the two countries respectively.

Applying these selection methods, we found seven different products in the case of
Ukraine, and ten in the case of Russia. As expected, Ukraine is dominant in global value
chains mainly through exporting iron products and agricultural products, such as wheat and
maize. An interesting result is that Ukraine is the largest exporter of typewriter machines in
the world market and the RCA of this product for Ukraine is 328.10. However, its export
value is negligible, 579 US dollars, and because of its low importance, we do not examine the

network of this product in more detail. In contrast, Russia has a comparative advantage



primarily in raw materials and energy sources, such as asbestos, anthracite, and pig-iron, and
it sells the most from crude oil, mineral oil, and natural gas on the world market. The export
value of not classified special transactions is the third largest in Russian export at more than
58 billion US dollars. The reason is that natural gas transported via pipelines appears in this
product category.* It is important to note that this category also contains other transactions, so
we cannot purely measure the countries' total exposure in terms of natural gas, especially in
the case of Central Eastern European Countries. We found two of the relevant products (pig-
iron and semi-finished products of iron (> 0.25% carbon)) that are among the most important
export products for both countries. These relevant products are shown in Table 1 and 2.

Thus, in the next step, we examine the trade network of these 15 different products,
and measure how central Ukraine and Russia are in the networks. These product networks are
plotted in Figures 1-3, where the red and yellow dots indicate Russia and Ukraine
respectively, all other countries are grey, and the size of the vertices reflects the countries’
normalized out-degree centrality (x; ,,, according to equation (4)). The main property of these
networks is that their density and the number of dominant actors vary in a wide range. For
example, there is only one country (Russia) which exports asbestos to a large extent on the
global market, and only a few countries trade with this because most countries banned this
product for health reasons. On the other hand, the network of flat-rolled products of iron being
denser and there are multiple dominant exporting countries. These structural properties point
out that shocks, like a war or a natural disaster, can have a more intense impact on the rest of
the world if these shocks hit one of the most dominant countries. Especially in those cases,
where the number of dominant countries is fewer, or the network is denser.

The results also show that Ukraine or Russia has central positions in these networks,
confirming that the export of these countries is globally relevant in terms of the given

products. For instance, Ukraine is the world leader in the export of sunflower oil, while



Russia is first in the trade of asbestos, anthracite, crude petroleum, different products of iron,
and nuclear reactors and parts. If we also consider the indirect trade relations through
calculating eigenvector-centrality (c;,, according to equation (5)), Ukraine and Russia are
still shown to be central in these networks. On the other hand, we also find that in some cases,
such as crude petroleum or wheat, their eigenvector-centrality is lower than their normalized
out-degree, and they are also ranked lower. It means that their partners do not export as much
as the partners of the other countries, and their partners play a less important role as
intermediate country towards the rest of the world.

Analysing the export structure of Ukraine and Russia, we found that both countries
have strong comparative advantage in the cases of pig-iron and semi-finished products of iron
(>0.25% carbon). In addition, their centralities also suggest that both countries are among the
largest and most influential exporters in the global market. On the other hand, wheat, semi-
finished products of iron (<0.25% carbon), and sunflower oil have a prominent role in the
Ukrainian export portfolio as shown by the export volume and RCA values, while the
importance of these products within the Russian export structure is not so prominent.
Nonetheless, the centralities of both countries are among the highest values in these product
networks. For these 5 products, thus, the effects of the Russia-Ukraine war on global trade

might be exceptionally strong.

Countries’ exposures

We calculated the total exposure of the 152 countries in the dataset to Ukraine and
Russia respectively, according to equation (10). This results in a TE value for every country-
pair, which are depicted in Figure 4, where shades towards red reflect higher and shades
towards white reflect lower exposure. Third countries in the rows and product categories in
the columns are ordered according to their average TE value. In the case of Russia, the

average total exposure of all other countries is largest in anthracite, followed by asbestos and



mostly energy sources, like coal and crude petroleum. The average total exposure towards
Ukraine is outstanding in sunflower oil, followed by different types of iron, and other
agricultural products. Iron materials provide an interesting case, as both Ukraine and Russia
are large exporters of all listed types (see their networks Figures 1-3). As centrality in product
networks already indicated, countries’ average exposure towards Russia is stronger than
towards Ukraine.

Among all the countries, Armenia (0.50 average TE), Belarus (0.42) and Moldova
(0.34) as being post-Soviet countries, have the largest average exposure to Ukrainian and
Russian imports of the listed products. These numbers are extremely high, considering that
there are some listed products in which these countries have 0 exposure. These three countries
are also the most exposed considering solely Russian imports. Generally, all post-Soviet
countries are very exposed to Russia, with some nearby European countries like Finland (0.44
average Russian TE), Bulgaria (0.36), Slovakia (0.35) and Hungary (0.31) also having
considerable exposure. If we consider only Ukrainian exposure, interestingly Costa Rica (0.41
average Ukrainian TE) comes out as the most exposed. Otherwise, mostly Middle Eastern and
African countries: Jordan (0.38), Israel (0.34), Tunisia (0.33), Ethiopia (0.29), Lebanon (0.26)
are on the top of the list.

Generally, it is assumed that countries are exposed through a certain product if they
have a non-zero TE in that product, while the level of exposure depends on the value of TE.
This way, Figure 4 also reveals that all countries in the world are exposed to Ukraine and
Russia to a certain extent. There are some South American, Caribbean, Oceanian and South
African countries that are only exposed through 2 or 3 products. The rest of the world is
generally exposed through 5+ products. Despite taking own export volumes into account via
S1, large countries are still not protected. For example, China and India both have an average

of 0.2 TE, which are among the largest average exposures. There are some countries with



their whole import of a certain product coming from solely Russia or Ukraine. These are
mainly post-Soviet countries, but there are other examples, like the whole Bulgarian import of
nuclear reactors and parts, and the whole Lebanese and Albanian other coal arrive from
Russia, while more than 90% of sunflower oil import in Bermuda, Guyana, and Costa Rica
arrives from Ukraine.

Some territorial patterns are already visible in Figure 4, but to make them even clearer
Figure 5 displays the average total exposure of each geographic region. It is noticeable,
although hardly surprising, that post-Soviet countries are largely exposed to Russian trade in
all of the listed products, but not particularly to Ukrainian trade, except for flat-rolled
products of iron. Europe, even without the post-Soviet area, is also heavily exposed to Russia
mainly through energy sources: natural gas, crude petroleum, and particularly coal imports
(anthracite and other coal). Russian imports of other raw materials like asbestos and types of
iron are less important for Europe. However, Europe is considerably exposed to Ukraine
through different types of iron materials and maize. Patterns are different in the exposure of
Asia, as there are three outstanding products in which Asia, on average, is heavily exposed,
namely anthracite, asbestos and sunflower oil. American and Oceanian countries are much
less exposed to the Russian energy sources than the rest of the world, which can be explained
to a large extent by their geographical distance and other accessible energy source supplies.
The only remarkable exposure here is through Ukrainian sunflower oil. Interestingly, African
economies are much more exposed to Ukraine than Russia through the listed products, mainly
due to considerable exposure to agricultural imports like sunflower oil, maize, and wheat.

The total exposure of each country consists of three elements as shown in equation
(20). Figure 6 shows the decomposition of total exposure in two important products: crude
petroleum from Russia, and sunflower oil from Ukraine. Among the 20 biggest crude

petroleum importers, 15 have some exposure to Russia. Most of these countries do not export



the product at all, so instead of re-exporting, they are final users of crude petroleum. Only the
USA, Australia, the UK, and Canada can benefit from being major exporters themselves.
Direct exposure (ratio of Russian imports) is the main driver behind the countries in close
geographical proximity having the largest TE, namely Belarus, Finland, Poland, and Turkey.

The decomposition of total exposure to Ukrainian sunflower oil is much more mixed.
India and China with the largest total exposures only have direct exposure, and no re-export.
Some other countries, like Spain, Malaysia and the Netherlands also have considerable direct
exposure, but they are major re-exporters, so substitutability comes into effect. Indirect
exposure is also significant in some — mostly western — countries, like the United Kingdom,
Belgium, Germany, the USA, and France. This indicates that these countries import large
amounts of sunflower oil from re-exporter countries. For example, 46.1% of the German
import arrives from the Netherlands, while the Netherlands imports 55.9% of their sunflower
oil from Ukraine, also being among the largest exporters in the world. This way Netherlands
is an important intermediary actor between Ukraine and Germany.

The decomposition also reveals that trade patterns and the resulting exposures are very
different across products. In the trade of crude petroleum re-exporting is not common, as most
large importers utilize their imported amount for final use. While in the trade of sunflower oil
it is common that a country is a major importer and exporter at the same time. This trade
pattern results in a much denser product trade network than one that does not involve re-
exporting to a large extent, as visible in Figures 1-3. Therefore, for products with denser trade

networks indirect exposure is important to be considered.

Discussion

In this study, we provided a first-cut analysis of the possible impact of the Russia-
Ukraine conflict on global value chains. In the first step, we examined the export structure of

both countries and identified the key export products for both countries. Then, we measured



how central the two countries are in these relevant product networks. Finally, using an
exposure indicator, we determined the exposure of other countries to Ukrainian or Russian
export, considering the indirect relations and substitutability of imports.

The results show that the post-Soviet countries have the highest exposure to Russia,
but European countries, especially East-Central European countries, also depend on Russian
imports heavily. The main difference between them is that post-Soviet countries do not
impose any economic sanctions on Russia, but the EU members apply strict restrictions on
financial operations and trade. Thus, despite their higher exposure, post-Soviet countries may
be less adversely affected by the direct economic consequences of the war. On the other hand,
the results confirm the high exposure of the European countries to energy sources exported by
Russia (Paillard 2010; Casier 2011; Krickovic 2015, Liuhto 2015), which can provide an
explanation for why these countries, such as Hungary or Slovakia, do not support import
restrictions on energy sources. The results also indicates that the dependence of the USA on
Russian imports, especially for energy sources, is much smaller than for the European
countries. It suggests that the restrictions applied by the USA can have a lower impact on both
economies than those by the EU. In addition, it is important to note that the application of
sanctions is a double-edged sword because these have negative impacts on both parties, such
as in 2014 (Cheptea and Gaigné 2020; Hinz and Monastyrenko 2022).

In many developing countries, such as in Pacific Islands (Barnett 2011), Asia (Kim,
Kim and Park 2020), or Middle Easters and African countries (Sadler and Magnan 2011),
preserving food security remains a problem because they are not self-sufficient and need to
import several types of staple food. However, the cultivation and import of grains are
significantly affected by weather and climate conditions (Barnett 2011, Sadler and Magnan
2011), pest infestations (Sadler and Magnan 2011), and restrictions on exports and imports,

for example, triggered by COVID-19 (Kim, Kim and Park 2020; Mohamed et al. 2021). Our



findings suggest that the Russia-Ukraine war can also result in food security problems in
certain countries because Ukraine is one of the largest grain exporters on the global market
(Vasylkovska et al. 2021), and several countries have high exposure to Ukrainian imports.
Egypt is a typical example of this situation because it has a significant import exposure to
grains such as wheat, and Ukraine is the largest partner for Egypt (Veninga and Ihle 2018).
On the other hand, because Russia is also an important grain-exporter country, the applied
sanctions against it can further exacerbate the food security problems through even higher
price increases and transportation difficulties. Finally, it is also important to note that falling
Ukrainian and Russian grains exports could raise product prices which can have a global
impact, not just on some heavily dependent countries.

Several industries, such as the construction, automotive industry, and manufacturing
machinery, use different products of iron in production processes as input. Meanwhile, the
analysis of these products networks reveals that Ukraine and Russia are central actors as
exporters of iron materials on the global market. Many countries (e.g., Armenia, United Arab
Emirates, Greece, Bulgaria) have high exposure to Ukraine, and others (e.g., post-soviet
countries, Finland, Jordan, Turkey) to Russia. Due to the war, the EU banned iron and steel
products imported from Russia, and the stoppage of production in Ukraine could lead to a
decrease in imports of these products. Consequently, there can be a shortage of iron and steel
materials used in production, which can turn to supply problems and price increases at higher
stages of the value chains.

Some countries seem to be heavily affected by the economic consequences of the war
through direct relations, but the results also show that indirect relations and re-exports also
influence countries' total exposures. The products often reach their destination through an
intermediary country due to tax optimization, circumvention of import and export restrictions,

and transportation routes (see e.g. Lemmers and Wong 2019; Lau, Chen and Xiong 2017,



Ferrantino and Wang 2008; Fisman, Moustakerski and Wei 2008). For instance, 54 % of the
total export of the Netherlands comes from imports (Lemmers and Wong 2019). It also
emerges from our results, that the Netherlands is an important intermediary actor in the
network of several products between the initial countries (Ukraine, Russia) and many target
countries. Overall, this pattern draws attention to the effects of indirect links in the shock
propagation processes that were also observable in the case of Brexit (Vandenbussche,
Connell, and Simons 2022), the US-China trade war (Mao and Goérg 2020; Wu et al. 2021), or
COVID-19 (Giammetti et al. 2020).

In this study, we examined the countries' exposure only through trade relations which
can be a primary indicator of the possible shortage of products in large amounts exported by
Russia and Ukraine on the global market, especially in the short term. However, other
economic factors can influence the impacts of this war on the global economy. In our
analysis, we do not consider the effects on price, the possible other import sources, and the
substitutability of a product by other products. Furthermore, we did not use an input-output or
general equilibrium model to estimate the welfare losses of the countries triggered by the war
due to the availability of data and the coverage of the country. These methods would provide

a different approach to estimate of possible economic impacts.

Footnotes

1. See e.g. the article of Kowsmann and Talley (2022), and Stiff (2022) in Wall Street Journal, and
Blenkinsop et al. (2022) reports in Reuters.
2. For this calculation, we collected data from World Bank (https://data.worldbank.org/). The data

were available for 148 countries from selected 152 countries in 2019.

3. For example, the Hungarian government announced to ban all grain export due to curbing price
raises (Reuters 2022). Another example for banning export is Egypt (Safty and Lewis 2022)
which imports wheat from Ukraine (and Russia) at a high ratio.

4. According to the data provided by international trade statistics (UN Comtrade Database), Russia
does not export liquified natural gas to Hungary on code 3431 of the SITC revision 4.

classification. However, the Hungarian Central Statistical Office shows that Hungary exported


https://data.worldbank.org/

natural and other gas in more than 1.5 billion US dollars in 2019, which is approximately equal
to the value of special transactions from Russia to Hungary

(https://statinfo.ksh.hu/Statinfo/haViewer.jsp?lang=en).
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Table 1. The most important products in Ukrainian export according to RCA and export

volume.

Rank | SITC 4-digit Name of product RCA Total export

code (in thousand US $)
Top 5 products by RCA

1 7511 Typewriters 328.10 0.58

2 4215 Sunflower seed oil 136.58 427347381

3 6712 Pig-iron 70.40 801 834.21

4 0449 Other maize, unmilled 56.92 5209 733.99

5 6727 Semi-fin. products of iron (> 0.25% carbon) 53.35 596 089.91

Top 5 products by total export

1 0449 Other maize, unmilled 56.92 5209 733.99

2 4215 Sunflower seed oil 136.58 4273473.81

3 0412 Other wheat 35.17 3655172.71

4 6726 Semi-fin. products of iron (< 0.25% carbon) 46.43 2263914.28

5 6732 Flat-rolled products of iron 15.53 1952 098.04

The values of revealed comparative advantage (RCA) are calculated according to equation (1).



Table 2. The most important products in Russian export according to RCA and export

volume.

Rank | SITC 4-digit Name of product RCA Total export

code (in thousand US $)
TOP 5 products by RCA

1 2784 Asbestos 28.52 187 936.53

2 3211 Anthracite 27.55 2 354 086.25

3 6712 Pig-iron 14.82 1440 816.22

4 7187 Nuclear reactors and parts 13.99 889 573.21

5 6727 Semi-fin. products of iron (> 0.25% carbon) 13.65 1301379.31

Top 5 products by total export

1 3330 Crude petroleum 7.15 122 228 578.65

2 3346 Petroleum oils 4.10 66 946 527.97

3 9310 Special transactions (not classified) 2.20 58 314 876.12

4 3212 Other coal 5.28 13632 532.88

5 3431 Natural gas, liquefied 3.61 7 920 048.41

The values of revealed comparative advantage (RCA) are calculated according to equation (1).




Figure 1: The trade networks — Part I.
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The red and yellow vertices indicate Russia and Ukraine respectively, all other countries are gray. The
size of the vertices reflects the country's normalized out-degree centrality X; ,,, according to equation
(4) - square root of the original values are used for proper visualization. The panels show the
normalized out-degree centrality (x; ), the eigenvector-centrality (c; ,,, according to equation (5)) for

Russia and Ukraine, as well as their rank in the respective rankings (in parentheses). The panels also



contain information about the density of the network (d) and the concentration of exports (out-degree
centrality) by Herfindahl-Hirschman-index (HHI).



Figure 2: The products network — Part 1.

Other coal Other maize
Russia Russia
x:0.3217 (3.) . x: 0.0307 (13.) )
c:0.2313 (6.) B W ci-() A
ook _. .°. - O ’.
Ukraine B, = ey Ukraine oL R T
x:0.0000 (46) - . © ..O_ 2 x:06535(4) - .O.. . °%
c:0.0000 (58.) e Liienui iR . ci-(-) S e
d: 0.0294 B d: 0.0674 - Cb A
HHI: 0.2179 [ o5 o ol HHI: 0.1641 SRR
Other wheat Petroleum oils
Russia Russia
x:0.9927 (2.) - x:0.8181 (2. o
c:0.1446 (12)) i iRy ¢:1.0000 (1.) _dinling,
o s TS . oM
Ukraine o[ R ‘e Ukraine T O~ P o U MY
x:05719(4) -*+" O ..o_ _.,~ x:00032(61) o O .. . @:
€:0.0560(21.) °. " .- . *° 7 o c:0.0010 (71.) SR
' o-e .:':.. . "'o q
d: 0.0577 LN d: 0.2578 0.0% o . %00
HHI: 0.0979 Q e HHI: 0.0651 Bt O iy
TN oy b= -o..'~
Pig-iron Semi-fin. products of iron (< 0.25% carbon)
Russia Russia
x:1.0000 (1.) o x:1.0000 (1.) o
c:0.8822 (2 et c:0.4418 (4.) .
Ukraine W Ukraine REZEES 2 L
x:05700(3) ot .« .. @ x:05893(3) .- . @
c:0.4141 (3) Dol AR s, c:0.7913(2) S EEEEEEERA -
23 q. o 'q
d: 0.0249 T G0 0 d: 0.0487 s 0
HHI: 0.2272 R HHI: 0.1163 K a2
LY TIReNES.

The red and yellow vertices indicate Russia and Ukraine respectively, all other countries are gray. The
size of the vertices reflects the country's normalized out-degree centrality X; ,,, according to equation
(4) - square root of the original values are used for proper visualization. The panels show the
normalized out-degree centrality (x; ,,), the eigenvector-centrality (c; ,,, according to equation (5)) for

Russia and Ukraine, as well as their rank in the respective rankings (in parentheses). The panels also



contain information about the density of the network (d) and the concentration of exports (out-degree
centrality) by Herfindahl-Hirschman-index (HHI).



Figure 3: The products network — Part 1.
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The red and yellow vertices indicate Russia and Ukraine respectively, all other countries are gray. The
size of the vertices reflects the country's normalized out-degree centrality x; ,,, according to equation
(4) - square root of the original values are used for proper visualization. The panels show the
normalized out-degree centrality (¥; ,), the eigenvector-centrality (c; ,,, according to equation (5)) for
Russia and Ukraine, as well as their rank in the respective rankings (in parentheses). The panels also
contain information about the density of the network (d) and the concentration of exports (out-degree
centrality) by Herfindahl-Hirschman-index (HHI).



Figure 4: Total exposure of all countries based on selected products



a
Uzbekistan
Azerbaijan

n
Kayzrg hstan
Ukraine
Russia

Bulgaria
Finland

" Malta
unga

Siovakia

Czechia
North Macedonia
Serbi

a
Netherlands

Bosnia Herzegovina
lovenia

Poland

Luxembourg

France

Portugal

Spain

Ireland

Iceland

Belgium
United Kingdom

Jordan

Philippines
United Arab ELmlra:es

Japan

Rep. of Korea
Cambodia
Saudi Arabia
G

atar
Sri Lanka

Viet Nam
Mongolia
Indonesia

Laos

__ Malaysia
Brunei Darussalam
Bahrain

Maildives
Singapore

acao

Kuwait

Palestine
Afghanistan

Costa Rica
El Salvador
Mexico

Canad:
Dominican HEJ).
Bermuda
Guatemala
Suriname
USA

Australia
Jamaica
eru
Aruba

Fili
Bolivia
Ar?snhna
French Polynesia
Brazil
Paraguay
Colombia

Antigua and Barbuda

St. Vincent & the Grenadines
Uruguay

Saint Lucia

Belize

Samoa

Ethiopia
Tunisia

~ Angola
Céte d'|voire
Kenya

Uganda
Mauritania
Ghana
Comoros
Madagascar
DR of the Conge
Eongo

Benin

Mauritius

0go
Burkina Faso

Mozambique
‘Sao Tome and Principe
Seychelles

Botswana
Zimbabwe
Eswatini
Namibia
Malawi

Burundi
South Africa

Anthracite
Asbestos
Other coal

LAk

.ﬁ[

Russian exposure

2
c
]
a 2
E 5 e B
@ @ — 5 %
2] £ 2 E = ]
1 Q o
=] 3 38 ) c 2
s 2 & = @ -
@ o =] o c @
@ = ac £ © @
2 o oy = o
o a c £33 ] = =
@ 5§ €n B ] T
) Q S Lo o o =
S = ol 5 = 2 3
] S o Eo & o £
3 = 2 o 4 @ Q @
=4 o o o (0] =z
I
|
]
I
|
I
__
|
_— -
I
I
|
|
—_—

IIIIIII IIII I I|1I

Ukrainian exposure

c c
g 8
B o o
[} =]
= 0~ @
° E oS ©
° S 39 3
@ - De 7
2 o g S
ey N go a
[l N
S < EgR e
5 s - 28 %
= = o =% =
€ 0 c Eo E
=1 =2 = 0, @
1] o o wlwn
|
_—— |

(< 0.25% carbon)

. Flat-rolled products of iron

Other wheat

Ji

I IIIMﬂ 1N |

III

."'III" "I

i

'|

o
|

-
o
o
17,
)
=
[
m
c
5}
°
o
b
w
&
1.00
0.75
0.50
0.25
0.00
>
3
@
3
o
20
[}
Q
@
©
2,
o
=
g.
o



Within each territory, countries are ranked according to their average total exposure.

Figure 5: Average total exposure of each territory based on selected products
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In the calculation of average total exposure each country was treated with equal weights.



Figure 6: Breakdown of total exposure (TE) in two important products (top 20 countries in import

volume displayed)
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