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Abstract

Geopolitical tensions have put the use of strategic trade policy instruments back on the
agenda of policy makers. In this paper we investigate the interaction of the threat and use
of three unilateral trade policy instruments: embargoes, import price caps and tariffs. In a
game-theoretic framework with different scenarios and game variants, we show that the
strategic use of the right combination of the respective trade policy instruments can be
used to achieve more desirable outcomes for the players. In our setup, a credible threat of a
tariff supports the successful implementation of an import price cap. While the results can
be generalised, we show the concrete functioning of the interplay of these strategic trade
policy instruments in a hypothetical game of resumption of natural gas sales from Russia to
the EU. Following the application to this example, we derive policy suggestions to improve
the EU’s position in the specific game.
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1 Introduction

Given the increasing geopolitical tensions, in the recent past, public signalling of Western
trade policy is shifting from a general pro-free market stance towards a narrative focusing
more on resilience and de-risking to counter perceived imbalances in the trade relations
with and threats from geopolitical opponents (European Commission 2023). Current trade
policy is embracing strategic trade policy instruments such as punitive tariffs and trade
embargoes with the aim to achieve desirable political outcomes. !

These are typical political decision situations that lend themselves to game-theoretic
analysis. When making such decisions, policymakers are expected to carefully weigh the
advantages, disadvantages, and strategic implications of the use of different policy instru-
ments, which renders the use of these tools “eminently susceptible to game-theoretical
analysis” (Harsanyi 1965; Brams 1975, p.1).2

The central aim of this paper is to examine the interaction of specific trade policy instru-
ments — embargoes, import price caps and tariffs — in a game theoretic setting.> We do this
for the precarious case of the interaction between the EU and Russia on gas supplies. This
involves analysing the conditions under which a player can achieve a more desirable out-
come in an embargo game and how the player can influence the outcome of the game to its
advantage. Concretely, we study the leverage effect of an additional trade policy instrument
on the opponent’s decision by introducing the threat of a punitive tariff into a game where
a trade embargo and an import price cap are explicit policy choices. This paper thus con-
tributes to the literature on the game-theoretic analysis of sanctions, which considers their
political and economic aspects, their appropriateness and effectiveness as well as their ter-
mination (e.g., Eaton & Engers 1992, 1999; Fearon 1994; Dorussen and Mo 2001; Morgan
& Bapat 2003, Kaempfer et al. 2004, and Baliga & Sjostrom, 2023).

We start the analysis of the EU-Russia interaction with the hypothetical case of a
resumption of gas supplies from Russia to the EU. This describes the possible strategic
interaction on the EU-Russia gas market since September 2022 when Russia de facto intro-
duced a supplier embargo on most of the EU.* A key aspect of our analysis is the question
of whether and under which conditions the EU can successfully implement an import price
cap for Russian gas if Russia has resumed supplies. Since this presupposes Russia’s will-
ingness to resume gas supplies, this question is also included in the game. From our analy-
sis, we derive the EU’s options in the game to shape the terms of supply.

We analyse some variations and extensions of the game that we consider useful in
the context of EU-Russia relations. First, we assume a sequentiality of player moves as

! Examples are the United States’ punitive tariffs on China (USTR 2023) and the European Union’s trade
embargo on Russia (European Council 2023a).

2 Since its beginnings with Morgenstern & von Neumann (1944) and Nash (1951), game theory has been
used to analyse politics and derive optimal policy decisions (see, e.g., Ordeshook 1986; Pahre & Papayo-
anou 1997; McCarty & Meirowitz 2007).

3 The game-theoretic approach is applied in many political cases, such as politics of global warming (Ward
1996), EU bargaining processes (Schneider, Finke & Bailer 2010), oil sanctions (Javadian 2021), and fur-
ther international crises (Snyder & Diesing 2015).

4 In the beginning of September 2022, preceding the Nord Stream pipeline explosions, Russia completely
stopped deliveries via the Nord Stream 1 pipeline, citing issues with a compressor station, and reduced the
overall deliveries to the European Union to less than 15% of the normal level (Zachmann et. al, 2024), in
fact only delivering to selected countries in the EU via alternative routes. It also did not use the remaining
pipeline capacities to the full extent since.
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reciprocal reactions and model a game in extensive form with observable moves (e.g.,
Osborne & Rubinstein 1994). Later, we integrate simultaneous player decisions into the
game. Furthermore, we analyse the implementation of a credible threat in the game.> This
is also related to the applied game theoretic solution concept of subgame perfect equi-
librium (Selten 1965). The analysis is complemented by the consideration of incomplete
information to capture the players’ uncertainty about the opponent’s preferences.

We account for the simplifications of our game by integrating different variants, exten-
sions and uncertainties, strengthening its validity. The analysis varies the EU’s and Rus-
sia’s evaluations of the game outcomes and compares the corresponding solutions, where
the evaluations of the outcomes are not modelled by fixed utility values (payoffs), but by
individual preference orders over subsets of game outcomes. On this basis, our analysis
involves a comparison of the equilibrium outcomes in different scenarios (games) resulting
from different orders of preferences. It is also examined whether and how the structure of
the game can be varied, e.g., by changing, adding, or omitting policy decision options.

Our game-theoretic framework enables the design, analysis and comparison of different
policy scenarios determined by different assumptions about players’ preferences over the
outcomes. It could also support the EU in redesigning the game to achieve the best possible
outcomes in a potential political decision-making situation.

2 Political Background

Russia’s military invasion of Ukraine in February 2022 was a watershed moment for the
political order in Europe and has led to a reassessment of the EU’s energy policy (Euro-
pean Commission 2022a). While the abundant availability of Russian pipeline gas had kept
EU natural gas prices low in recent decades, the crisis highlighted the EU’s dependence on
Russia’s reliability as a gas supplier. Following the military invasion and the imposition of
various sanction packages against Russia by the EU (which, notably, did not include sanc-
tions on gas), Russia responded by drastically reducing or cutting gas supplies to various
EU countries.® The market reaction resulted in gas prices at times reaching fifteen times
the long-term average.” After reinforcing supply cuts and flaring surplus gas, Russian gas
supplies to the main EU markets almost ceased in mid-September 2022 (Financial Times
2022a). On 26 September 2022, the destruction of three of the four Nord Stream pipe-
lines largely ended EU-Russia interaction in the EU gas market (CNN 2022), despite Rus-
sia’s continued physical ability to deliver through remaining routes. Russia claims that its

5 Threats and their credibility play an important role in strategic interactions (e.g., Brams 2000; Bolt &
Houba 2005) and are a typical game-theoretic topic (e.g., Luce & Raiffa, 1989). The issue of credible
threats in the context of sanctions is also addressed, e.g., by Krustev (2010) and Walentek et al. (2021).

® Gazprom completely ceased voluntary spot market deliveries in October 2021 after already having sup-
plied significantly less than usual during summer 2021. After the invasion, Russia also started to cut sup-
plies to long-term contract holding entities on 27 April 2022 with cuts to Poland and Bulgaria, followed by
cuts to the Netherlands, Greece, Denmark, and Finland as well as reductions to Germany, Italy, France, the
Czech Republic, Slovakia, and Austria later in spring and early summer 2022 (McWilliams & Zachmann
2022).

7 The historical average TTF gas price was 20 EUR/MWh in 20102019, while it rose to over 300 EUR/
MWh in August 2022 (European Commission 2022b). Even after a mild winter 2022/2023 and gas con-
sumption reductions of 19% (European Council 2023b), gas futures prices in the EU have stabilized around
50 EUR/MWh (Intercontinental Exchange 2023) due to the higher prices of LNG, which has come to
replace most Russian pipeline gas on the EU market.
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supplier embargo to the main EU markets will not be lifted until sanctions against Russia
are eased (Financial Times 2022b). On 19 December 2022, the EU consented to a price cap
mechanism for natural gas in the EU (Reuters 2022a), albeit at a high level of 180 Euro/
MWh which is unlikely to be binding under plausible circumstances and hence can only
be seen as a measure aiming at limiting extreme price peaks. As of spring 2024, Ukraine
is weighing the possibility of not prolonging the gas transit agreement with Russia, which
expires on 1 January 2025 (Sabadus 2024; European Commission 2024). This would fur-
ther reduce gas deliveries of Russia into Europe.

This situation provides a real-world example to examine the underlying rationale of the
players in a reciprocal embargo game, where they have the option of lifting or reintroduc-
ing the embargo and the importer can impose import price caps or tariffs.

There is a rapidly growing literature studying the design and potential effects of sanc-
tions in this context. Some literature focuses on the economic costs and appropriate condi-
tions for imposing embargos (Bachmann et al. 2022; Sturm 2022). While some scholars
and policymakers have pointed to tariffs as the preferred strategic trade policy instrument
in this context (e.g., Gros 2022; Hausmann et al. 2022, 2024; Chaney et al. 2022), which
make sense in the case of oil (Sturm et al., 2022), others recommend an import price cap
(e.g., Weder di Mauro & Martin 2022; European Council 2022) and show such a price
cap to be pareto-dominating for the given market structure (Ehrhart et al. 2023). The key
difference between the oil and the gas market with respect to the adequate trade policy
instrument is Russia’s market power in the gas market. At the same time, given the existing
pipeline infrastructure, the EU is currently the only potential foreign buyer of Russian gas
from the Western Siberian gas fields, but has in the past not chosen to exercise its result-
ing market power in the form of a monopsony. Our analysis applied to this real-world case
allows to examine the interaction between and strategic sequencing of all three trade policy
instruments discussed — embargoes, price caps and tariffs.

3 The EU-Russia Gas Market Game

The strategic interaction between the EU and Russia in the gas market is modelled in a
non-cooperative sequential two-player game with mixed motives (non-zero-sum game). It
is assumed that players have a set of given policy options (actions), consistent preferences,
and act rationally to maximise their utility, and that their decisions are observable. These
assumptions are common knowledge. Individual preferences encompass multiple dimen-
sions, such as one’s own economic welfare, the destruction of the economic welfare of oth-
ers, and short- and long-term political considerations. By including others’ welfare, sanc-
tions can be evaluated by one’s own benefits through the disadvantages (costs) of the other
player one wishes to harm.

3.1 Description of the Basic Game

The basic game is represented in Fig. 1. The circles EU, and EU, denote the decision
nodes of the EU, and RU,; and RU, those of Russia. The game outcomes are denoted by
oj,j= 1,2, ..., 5. The individual preference relations of the players i € {EU, Russia} are
represented by individual utility functions u; such that u,(0;) 2 u(o,) if player i weakly
prefers 0; 10 0 (e.g., Osborne & Rubinstein 1994, Ch. 2). The individual utilities are
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Fig. 1 Game tree of the basic
game

Supplier embargo

Supply gas

CITRA]
Buyer embargo Pay high prices
Impose
price cap

€ I €3 I3

Supplier embargo Accept price cap
Reject
price cap

ey €y, Iy

Buyer embargo Concede (pay high prices)

€y I €5, I

ordinal and not intersubjectively comparable. Let ¢;=ug(0;) and r;=ug,q;,(0;). For the
sake of clarity, only the utility values e; and r; for the EU and Russia are shown in Fig. 1.

The game in Fig. 1 assumes a certain sequence of alternate moves, which is modified
below. The game starts in RU,, where Russia has two options: not to supply gas (sup-
plier embargo), resulting in e, for the EU and r, for Russia, or to be willing to supply
gas. The latter leads to EU;, where the EU has three options: not to import Russian gas
(buyer embargo) leading to e, and r,, to import Russian gas and pay high prices leading
to e; and r3, or to import Russian gas, but only on condition that it pays no more than
a maximum price, i.e., the EU imposes a price cap. This leads to RU,, where Russia
then has three options: supplier embargo leading to e; and r;, to comply with the EU
price cap leading to e, and r,, or to reject the price cap and to continue to charge high
prices leading to EU,, where the EU has two options: either to stand firm and decide on
a buyer embargo leading to e, and r, or to concede and to pay high prices leading to e;
and rs.

The assumption of the first move by Russia is due to the underlying political situation in
which Russia, as described above, greatly reduced its gas supplies to the EU before the EU
acted. We will vary this assumption in two ways, with the EU deciding first (Section 4.2)
and the EU and Russia deciding simultaneously at the beginning of the game (Section 4.3).

3.2 Ranking of Outcomes

In the basic game in Fig. 1, preference orders are established separately for both the EU
and Russia for the embargo cases and the gas trade cases.

@ Springer



21 Page6of24 Journal of Industry, Competition and Trade (2024) 24:21

First, we examine for which subsets of outcomes one can assume fixed rankings. This
should be true for the embargo cases, where an active embargo is better for both the EU and
Russia than a passive embargo, which can also be interpreted as a first-mover advantage®:

e, > e, 1)

ry>r,. )

In the trade cases, the best outcome for the EU is assumed to be Russia accepting the
price cap, followed by the case where the EU accepts high prices immediately, which is
again better for the EU than accepting high prices after a price cap has not been enforced,
as this could be interpreted as weakness or a loss of face. For Russia, the order is reversed:

e, > e3> es, (3)

s > r3 > 1y, 4)

While we take the four orders (1) to (4) as given, this does not apply to their relative
positions, i.e., how e; and e, compare to e, e, and es, and r; and r, compare to r, r, and
rs. If Russia sees its benefits dwindling from the continuation of an embargo and the EU
is better able to cope with an embargo (for example, through heavy investment in LNG
capacities by many EU members and exclusion Russia from delivery), Russia’s utilities r;
and r, will decrease relative to r3, r, and rs5, while the EU’s utilities e; and e, will increase
relative to e;, e, and es. However, if Russia can ship its energy supplies to third countries,
Russia’s utilities r; and r, will increase relative to r5, r4 and r5, and the EU’s utilities e; and
e, will decrease relative to e, e, and e5. To capture these differences, different scenarios
are analysed.

3.3 Results

For each of the scenarios, which differ in the placement of e, in the EU’s utility order and
of r, in Russia’s utility order, the subgame perfect equilibrium is determined.” The inter-
pretation of the scenarios and the derivation of the results can be found in the Appendix.

Scenario 1: e, > e, orry > 13

SPE — Supplier embargo with e, and r,

Scenario 2: ey, > e, > eyand r3 > 1 > 1y

SPE — Supplier embargo with e, and r,

Scenario 3: e, > e, > esand ry > 1y

SPE — Russia accepts EU’s price cap with e, and r,
Scenario 4: e3> e, > esand ry > r; > 1,

8 Since we consider it more relevant who imposes the embargo and less relevant when the embargo is
imposed in the course of the game, we assume for simplicity that the latter plays no role in the EU’s and
Russia’s evaluation.

% A strategy profile is a SPE if it represents a Nash equilibrium of every subgame of the original game
(Selten 1965). The SPE solves the rationality problems that can arise with the Nash equilibrium, such as
credible threats. The SPEs are determined by backward induction (e.g., Fudenberg & Tirole, 1991). Due to
the assumptions (1) and (2), only the positions of e, and r, in the respective utility order are relevant for the
SPE, while the positions of e; and r, do not matter.
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SPE — EU pays high prices with e; and r3
Scenario 5: e5 > e, and r3 > ry
SPE — EU pays high prices with e; and r3

Scenario 1 with e,>e, and/or r;>r; results in a supplier embargo. The first condi-
tion means that a buyer embargo is better than the best non-embargo outcome for the EU,
namely, introducing a price cap. In this case, the EU could unilaterally improve by ceasing
to buy gas from Russia. Assuming common knowledge, Russia will predict this correctly.
The latter condition means that Russia prefers the supplier embargo to the case where the
EU immediately accepts high prices. Therefore, Russia will impose a supplier embargo.

In Scenario 2, the EU prefers a buyer embargo to paying high prices at EU, (e, > e3),
and Russia rather imposes a supplier embargo than accepting a price cap at RU, (r; >r,).
Thus, the SPE implies an embargo outcome.

Scenario 3 is based on the plausible assumption that the EU values Russian compliance
with the EU price cap more than a supplier embargo (e,>e,) and prefers to stand firm
after a Russian rejection of the price cap (e, > es). If the threat of a supplier embargo in the
event of a price cap, as announced by Russia (Reuters 2022b), is not credible (r,>r,), the
SPE would lead to Russia’s compliance with the EU price cap. The assumption e,> e, in
scenarios 2 and 3 is supported by the fact that the EU agreed on a price cap mechanism for
natural gas on 19 December 2022, i.e., the EU prefers a price cap to a buyer embargo.

The SPE in Scenario 4 leads to a high price situation, as both the EU and Russia value
the high price situation more than an active embargo (e3> e,, r3>r,), and Russia is better
off with the supplier embargo than when complying with the EU price cap (r, >r,). Here, it
would be not rational for the EU to threaten a price cap, although it is credible.

In Scenario 5, the EU cannot credibly commit to standing firm after a Russian rejection
of the price cap (es>e,). Since Russia is worse off with the supplier embargo than selling
gas at high prices (r;>r,), the SPE leads to the high price situation.

This means that by shifting the partial preference orders, different SPE outcomes are
possible — a supplier embargo, paying higher prices, and acceptance of a price cap. In
Scenario 3, it is optimal for Russia to resume gas supplies and even comply with an EU-
imposed price cap. Four possible EU policies can support this.

i. The EU could make the continuation of the supplier embargo costly for Russia, i.e.,
lower r| in relation to r; — rs. For example, the EU can threaten or implement addi-
tional economic sanctions, convince third countries to join an embargo / the sanctions,
or implement other political measures to change the relative payoffs for Russia.

ii. The EU could make a Russian gas embargo more bearable for itself, i.e., increase
e, and e, in relation to e; — e5. Measures that alleviate economic impacts and social
hardship could help limit the damage that a Russian gas embargo has on the EU.'°

iii. The EU could make its own backpedalling from a price cap as difficult and unattractive
as possible, i.e., lower es in relation to e, and e,. This could be achieved by credible
political signalling to both the EU audience and Russia that once it has announced
the price cap, the EU will not waver (‘locking in policy choices’).

10 These include efforts to replace Russian with non-Russian gas, construction of LNG import terminals,
accelerating the transition to renewables, as well as energy saving measures. The REpowerEU package
of the EU (European Commission 2022a) as well as Germany’s efforts to increase LNG import capacity
(Deutscher Bundestag 2022) are examples of such policies.

@ Springer



21 Page8of24 Journal of Industry, Competition and Trade (2024) 24:21

Fig.2 Extended game tree |

Buyer embargo Concede (pay high prices)

€y I3 €e: 15 €5, I'5

iv. The EU could make a price cap acceptable to Russia, i.e., make r, not too unattractive
by introducing a reasonably price cap that covers the Russian extraction costs and
leaves a profit margin.

This analysis also illustrates the limits of sanctions in the context of the game shown in
Fig. 1. Since Russia can secure r; for itself through a supplier embargo, this is the lowest
level to which the EU can push Russia. The EU can therefore try to make this as painful as
possible for Russia and, in conjunction, try to convince Russia to accept a price cap cali-
brated so that r, is slightly above r;, which is more attractive for the EU, as described in
Scenario 3.

4 Extension and Variations of the Game

This section presents some extensions and variations of the game. The changes in Sec-
tions 4.2 and 4.3 in particular are also intended to check the robustness of our results.

4.1 Extending the Game by a Credible Threat

In the basic game, the EU’s best non-embargo outcome from a price cap can only be
achieved in Scenario 3. We now examine whether this can be expanded if the game is
extended by threatening a tariff on Russian gas imports at decision node EU, (Fig. 2), lead-
ing to utilities e and r¢. According to Ehrhart et al. (2023), both a tariff and a price cap
can be designed to favour the EU and disadvantage Russia, and for any tariff there exists
a price cap that can keep Russia’s welfare/costs at the same level while the EU’s welfare
is higher than with a tariff.!' Therefore, the EU should design the tariff and the price cap
in such a way that it is better for the EU to impose a price cap than to impose tariff, which
in turn is better than to pay high prices. For Russia, the situation with high prices is bet-
ter than accepting a price cap, which is better than the tariff. That is, e,>es>e;>es and
rs>13>71,> 1. In this way, the tariff option can be used as a credible threat by the EU to
enforce the price cap.'

1" Given that the EU’s objective is not only to maximize its own welfare but also to impose a cost on Rus-
sia, the price cap can be an appropriate policy tool that dominates the tariff.

12 Thus, the conditions for a successful threat are fulfilled, i.e., the player knows the game well and have
the “power of threat”, i.e. the opponents must perceive the threat as credible (Brams 2000).
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When adding the tariff option to the basic game, the SPE outcome remains the same in
scenarios 1-4, but not in Scenario 5, which is therefore split into Scenario 5a and Scenario
5b. The derivation of the SPE is shown in the Appendix.

Scenario 5a: es > e,and r3 > 1 > 1,

SPE — EU pays high prices with e; and r3

Scenario 5b: e5 > e, and ry > r,

SPE — Russia accepts EU’s price cap with e, and r,

Unlike the basic game, the order of r; and r, now matters. If Russia values the supplier
embargo more than accepting the price cap (Scenario 5a with r; > r,), the SPE induces the
EU to pay high prices, as in Scenario 5 in the basic game. Conversely, if r,>r; (Scenario
5b), the SPE leads Russia to accept the price cap. Compared to the basic game, the condi-
tion r,>r, changes the SPE outcome from paying high prices to accepting the price cap,
despite concession being better than buyer embargo (es>e,). That is, with the tariff exten-
sion, the conditions for achieving the best EU outcome are easier to meet because e, > es is
no longer necessary to reach the price cap. In conclusion, the EU could support its policy
measure (iv) to impose a price cap by credibly threatening a tariff as an alternative policy
option that would make Russia worse off than the price cap.'?

The threat of a tariff can therefore help the EU to achieve a better solution than the sup-
plier embargo while hurting Russia. As this extension of the game is advantageous for the
EU, it will be retained in the following.

4.2 EU to Decide First

In the game in Fig. 1, Russia has a first-mover advantage in imposing the embargo. We
now analyse what changes if the EU has this advantage. We therefore assume that Russia
will supply gas and that the EU can decides first. This is implemented in the game in Fig. 1
by removing the decision node RU,; and starting the game in EU;. Thus, the first-mover
advantage of imposing the embargo switches from Russia to the EU. The SPE of the game
are as follows (for the derivation see Appendix). Compared to the game in the Figs. 1 and
2, the SPE outcome in the scenarios 3 — 5, including 5a and 5b, does not change. This is
because the first-mover advantage does not affect the SPE of these scenarios, as the out-
comes do not include an embargo. The SPE of Scenario 2 changes in that the embargo is
now imposed by the EU and not by Russia, resulting in e, and r, instead of e, and r,. This
is where the first-mover advantage that the EU now has comes into play. Scenario 1 is split
into Scenario 1a and Scenario 1b.

Scenario la: e3> e, and r| > 1y
SPE — EU pays high prices with e; and r3

13 Moreover, the imposition of a tariff in the extended game differs from the other outcomes in that there
may be relevant follow-up actions by Russia, such as a supplier embargo. However, this is not considered
relevant to the solution of the game, as it does not change the equilibrium in any scenario. If Russia were
to choose supplier embargo in response to an EU-imposed tariff, it would have already chosen the sup-
plier embargo action at decision node RU,. Similar to the high price situation following the EU’s failure to
impose a price cap (resulting in utilities e5 and rs), the imposition of the tariff is not a possible outcome in a
SPE. Nevertheless, this does not mean the tariff option is not relevant to the solution of the game, because
it could change the equilibrium in some scenarios: The tariff option allows the EU to make a credible threat
and therefore has a better chance of achieving the best EU outcome.
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Scenario 1b: e, > e, or (r; > ryand e, > e3)
SPE — Buyer embargo with e, and r,

In Scenario 1a the EU prefers paying high prices to a buyer embargo and thus to a sup-
plier embargo (e;> e, > e,), thus benefiting from the first-mover advantage.

4.3 EU and Russia to Decide Simultaneously at the Beginning of the Game

Now we vary the game and assume that Russia and the EU make their first decisions in
RU, and EU, at the same time, which is also a conceivable variation. That is, they play a
simultaneous game at the nodes RU; and EU,, which is described by a normal form game
represented by the following payoff matrix (Table 1).'*

If both the EU and Russia choose embargo simultaneously, the outcome of the game is
a bilateral embargo, which is not possible in the sequential game. In this case, the utilities
are ez and rp, assumed to be ¢; < ez < ¢, and r, < rz < r;. This means that for a player
the bilateral embargo is worse than the player’s unilateral embargo, but better than the uni-
lateral embargo set by the other player. If Russia continues to supply gas and the EU pays
high prices, the utilities are e; and r5. If the EU imposes a price cap, the outcome depends
on the further movements of the EU and Russia at nodes RU, and EU,. Thus ey and ry are
used to denote the equilibrium utilities of the subgame starting from RU, depending on the
utility orders.

Utilities ey and ry are determined for each Scenario 1 — 4, 5a and 5b via the respective
SPE in the subgame from the node EU, in the game in Fig. 1. The derivation of the results
can be found in the Appendix. In each scenario there exists a Nash equilibrium (NE) of the
bilateral embargo. In addition, the non-embargo SPE remains in scenarios 3, 4, 5a and 5b,
resulting in two NE in these scenarios, both of which are SPE. Thus, the initial order of the
moves does not influence the existence of the non-embargo equilibria. However, the exist-
ence of two NE raises the question of equilibrium selection. Prominent selection criteria
are the payoff (Pareto) and risk criteria.'®

In all scenarios with two NE, the non-embargo NE is payoff dominant over the bilateral
embargo NE. For the sensitive political situation considered here, we propose the applica-
tion of the maximin principle as risk criterion, which represents the strictest form of risk
avoidance. This criterion also has the advantage that it can be applied to ordinal utilities, as
required here. According to the maximin principle, a player prefers the NE where miscoor-
dination, in the form of the other players choosing any strategy, causes the least damage to
the player. In mathematical terms, this means that player i chooses strategy s* from the

player’s set of NE strategies S} for which max mig] u(s?,s_;) holds, i.e., for all strategies s_;
steSts_eS_;

of i’s opponents, denoted by -i, from the opponent_s’ set of all strategies S_;. Applied to the
game in Table 1 as for scenarios 3, 4, 5a and 5b with two NE, the embargo NE dominates

14 Equivalently, the game can be represented as an extensive form as in Fig. 1 with imperfect information
by extending the decision node EU, to a two-element information set containing both Russia’s execution of
the supplier embargo and the gas supply, i.e., the EU cannot observe Russia’s decision in RU,.

15 A NE is (weakly) payoff dominant over another NE if it is (weakly) Pareto superior, i.e., the utility of all
players is (weakly) higher. The concept of risk dominance is first proposed by Harsanyi and Selten (1988)
for a 2x2 normal form game, which is extended by Carlsson & van Damme (1989), Young (1993), Staub
(1995) and Peski (2010).
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the non-embargo NE in terms of risk according to the maximin principle.'® For example, in
scenarios 4 and 5a, in addition to the embargo NE with the utilities ey and ry, the strategy
combination “Pay high prices” for the EU and “Supply gas” for RU with ey=e; and ry=r;
forms the second NE. Because of e;> ey and r;> rp, the second NE payoff dominates the
first NE. However, e,>e; and r; >r, imply that the first NE dominates the second NE in
terms of risk according to the maximin principle. This means that from a risk avoidance
perspective, the embargo NE is the better one, although the second NE of gas supply at
high prices is better for both players.

The risk dominance property of the embargo NE can also serve to capture the current
situation between the EU and Russia, which can be described as a bilateral embargo.

4.4 Modelling of Uncertainty

In the following, complete information is no longer assumed, i.e., a player is uncertain
about the other player’s preferences. If a player misjudges the other player’s preferences
and decides on the basis of this misjudgement, the game may end to the player’s disadvan-
tage.!” In games with incomplete information, players’ uncertainties are captured by prob-
ability distributions.'® To compare the expected utilities of different options using probabil-
ity distributions, we assume in this section that the utilities are cardinal.

In the extended and variant games, when the EU is uncertain about Russia’s prefer-
ences, the outcomes that differ from the equilibria in the complete information game are
always worse for the EU, while in some cases in Russia’s favour. In each of the uncertain
cases, the EU can influence Russia’s preference order in favour of the EU through the level
of the price cap (and, in one case, through the level of the tariff). The higher the price cap,
the higher the probability that Russia will accept the price cap, leading to the best outcome
for the EU.

Similarly, when Russia is uncertain about the EU’s preferences, the outcomes that
differ from the equilibria in the complete information game always worse for Russia,
while in some cases it is better for the EU, namely when the complete information equi-
librium is supplier or bilateral embargo, but it deviates towards buyer embargo under
incomplete information. As long as the EU’s best possible outcome is not the buyer
embargo (as justified above, in reality it should be e,>e,), the EU has an incentive
to promote the best possible outcome, namely Russia accepting the price cap imposed
by the EU. To ensure this, the EU can benefit from revealing its own preferences and

16 The meaningful application of the maximin criterion and other criteria that use payoffs other than the
equilibrium payoffs requires that the application of the criterion selects an equilibrium and does not lead to
a non-equilibrium outcome, which is fulfilled in the game here. This requirement is one of the reasons why
Harsanyi & Selten (1988) restricted the definition of risk dominance to 2x2 normal form games.

17" A real-life example of a failed deal was Carter’s approach during the Iran hostage crisis, where U.S.
President Carter seemed to misread Iran’s preferences regarding the outcome, and his threat did not work
(Brams 2000).

18 Games with incomplete information can be modelled and analysed (under certain quite general condi-
tions) as games with imperfect information, where a player’s type (i.e., utility order) is initially determined
by a random move that cannot be observed by the other players (Fudenberg & Tirole, 1991). The solution
concepts for the extensive form games considered here, with incomplete information and observable player
moves, are the sequential equilibrium and the perfect Bayesian equilibrium, both of which allow players’
risk attitudes to be taken into account (e.g., Osborne & Rubinstein 1994).
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Table 1 Payoff matrix of the simultaneous game

EU RU | Supplier embargo Supply gas
Buyer embargo eg, g e,
Pay high prices e, n es, 13
Impose price cap e, n ex, Ty

influencing Russia’s preference order in favour of the EU through the level of the price
cap as well as tariff.

The derivation of the results can be found in the appendix. Consider, for example the
extended game and assume that the EU only knows its own preferences but is uncertain
about the position of r; in Russia’s preference, while Russia knows both preferences. If
Russia imposes a supplier embargo, the game is over. If Russia chooses to supply gas,
meaning r;>r;, the EU will impose a price cap if e,>e;. In this case, the EU’s ini-
tial beliefs about Russia’s preferences do not matter, i.e., the EU does not have to take
uncertainty into account in its decision. Consequently, the outcome corresponds to the
equilibrium in the complete information game. However, if e;>e, (as in Scenario 4,
5a, 5b or in a subcase of Scenario 3), the EU’s decision depends on whether r,>r, or
r3>r; >r, At EU, the EU’s decision is based on the expected utility of the rest of the
game. Let p denote the probability of r,>r; and 1 — p the probability of ry>r >r,. If
the EU decides to impose a buyer embargo, the game ends in o,, if it decides to pay high
prices in o3, and if it imposes a price cap in o, with probability p and in o, with prob-
ability 1 — p. The EU evaluates the outcomes o; by means of an individual utility func-
tion €= uEU(oj) which, in the form of a von Neumann-Morgenstern function, allows the
modelling of risk attitude (Morgenstern & von Neumann, 1944). Since e;> e,, the EU
compares e; of paying high prices with the expected utility pe,+ (1 — p)e; of imposing a
price cap. The EU will pay high prices if e; > pe,+ (1 — p)e; and will impose a price cap
if e;<pe,+ (1 — p)e,. Note that the EU can influence p by the level of the price cap in its
favour: The higher the price cap is, the higher is p, the higher is the probability that Rus-
sia will accept it, and the lower is the resulting EU welfare. The equilibrium outcome in
the complete information game is o, if r,>r; and o5 if 3> r; > r,. This means that under
incomplete information, the complete information equilibrium outcome o, may deviate
to o5 if the EU decides to pay high prices, or o; may deviate to o, if the EU imposes a
price cap. Both deviations are worse for the EU compared to the equilibrium outcome in
the complete information game (e, > e;>¢;), while Russia benefits from the first devia-
tion (r3>r;>r,).
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5 Conclusion and Policy Implications

Recent international political conflicts have led to increased use of strategic trade policy
instruments. Modelling a non-cooperative game, we examine specific strategic trade policy
instruments: embargoes, import price caps and tariffs. We show how these strategic trade
policy instruments interact in a hypothetical game of resumption of natural gas sales from
Russia to the EU.

Several scenarios are analysed and compared, varying in the preference orders of
the EU and Russia on the possible outcomes. It is shown that a possible resumption of
Russian gas supplies under an import price cap is possible in a subgame perfect equi-
librium if (i) a continued gas embargo is more costly for Russia than the status quo, (ii)
a Russian gas embargo is bearable for the EU, (iii) the EU is able to credibly commit to
stand firm even if Russia rejects the price cap, and (iv) the conditions of the price cap
are still acceptable to Russia. In particular, we show that the threat of an EU tariff can
increase the likelihood that Russia will agree to a price cap.

The analysis is extended by changing the starting point of the strategic interaction,
through including simultaneous decisions. Since these variations have no impact on
the existence of the non-embargo equilibria in the extended game and thus on the rec-
ommended EU policies, this speaks in favour of the robustness of our results. In addi-
tion, we model the players’ uncertainty about the opponent’s preferences in a game
with incomplete information and observable player moves, which does not affect our
policy recommendations above.

In the model with simultaneous decisions, the risk dominance criterion selects the
bilateral embargo equilibrium, although a non-embargo equilibrium is better for both
players, but riskier. This result can help to capture the current situation between the
EU and Russia, which can be described as a bilateral embargo.

While the derived conditions are obviously not an automatic recipe for the success-
ful implementation of an import price cap, this analysis can contribute to structuring
the debate in the event of a potential resumption of gas trade between the EU and Rus-
sia, whenever this may happen.

Furthermore, it can inform policymaking on similar issues, such as the interac-
tion of specific trade policy instruments more generally. We show that the strategic
use of the right combination of trade policy instruments can be used to achieve more
desirable outcomes. This underlines a player can shape the game in its favour, e.g., by
changing, adding, or excluding trade policy options or changing the opponent’s value
for an outcome. It should also be examined whether and how a credible threat can be
successfully implemented. These are lessons for international policy makers that more
generally can be drawn from our modelling setup.

When using game-theoretic models, it is important to acknowledge the simplifica-
tion of reality. This is especially true for assumptions about the opponents’ evaluations
of the game outcomes. Uncertainty can be addressed by incorporating this into the
game or by analysing different scenarios, as we have done.

Our game-theoretic analysis of the EU-Russia gas game is subject to several addi-
tional limitations. First, although we model different game variants and consider
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different scenarios, the structures of the games are not uncontroversial. While we have
tried to map the strategic interaction that was (to some extent) common knowledge, the
evolution of the situation may change the structure of the game. Second, the game the-
ory model focuses only on the two main actors, whereas other actors may be involved
in the game, even if they only influence the preference orders and strategies of the
main actors. This requires an extended analysis. Third, our approach uses ordinal pref-
erences and thus provides qualitative results. For policy making, it is often necessary
to quantify the utility and impact of policies.

Appendix
A.1 Determination of the Subgame Perfect Equilibria (SPEs) in the Basic Game

The subgame perfect equilibria (SPEs) of the game are derived by backward induction. The
orders (1) — (4) are given.

Starting with the subgame from the decision node EU,, the decision of the EU in EU,
depends on the ratio of e, and es. If e, > e5, the EU will impose a buyer embargo. If e5 > e,,
the EU will concede.

In RU,, Russia takes the EU’s decision in EU, into account and compares r, r, and its
expected outcome in the subgame from EU,:

e If e,>e5, Russia compares r, r, and r,. Since r; > r,, Russia will not reject the price
cap. If r; > r,, Russia will impose the supplier embargo. If r,> r|, Russia will accept the
price cap.

e If e5>e,, Russia compares ry, ry, and rs. Since r5>r,, Russia will not accept a price
cap. If r; > r5, Russia will impose the supplier embargo. If 5> r|, Russia will reject the
price cap.

Consequently, the EU’s decision in EU, is considered a function of the previously
derived decisions in the subgames starting in RU, and EU,. Thus, the EU decides by com-
paring the expected outcome in the subgame from RU, with e, and e;.

e If e;>e5 and 7 >r,, the EU compares e, e, and e;. Since e,>¢e;, the EU will not
impose a price cap. If e, > e;, the EU will impose the buyer embargo. If e; > e,, the EU
will pay high prices.

e If e;>e5 and r,>r|, the EU compares e,, e; and e,. Since e, > e;, the EU will not pay
high prices. If e,>e¢,, the EU will impose the buyer embargo. If e, >e,, the EU will
impose a price cap.

e If es>e, and r; >rs, the EU compares e, e, and e;. Since e;>e5 and e,>¢;, the EU
will pay high prices.

e [If e5>e, and r5>r), the EU compares e,, e; and es. Since e;> e5, the EU will pay high
prices.

Finally, in RU,, Russia decides by comparing the expected outcome in the subgame
from EU, with r; whether to impose the supplier embargo or supply the gas.
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Table 2 SPE outcome in the basic game under different utility orders

outcome (utilities) — ry>ry>ry>r, rs>ry>r>1y rs>r>1r3>7y r>rs>r3>7y

e,>e3>es>e, pay high prices pay high prices supplier embargo supplier embargo
(e3 and r3) (e3 and r3) (e; and r)) (e; and ry)

e,>e3>e,>e; accept price cap pay high prices supplier embargo supplier embargo
(eyand ry) (e3 and r3) (e; and r)) (e; and ry)

e,>e,>e3>e;5 accept price cap supplier embargo supplier embargo supplier embargo
(e4 and ry) (e, and r)) (e; and r)) (e; and ry)

e,>e >e3>e; supplier embargo supplier embargo supplier embargo supplier embargo
(e; and ry) (e; and ry) (e; and r)) (e; and ry)

e Ife,>e;and ry>r, or e,>e, and ry>r;, Russia expects that the EU will choose the
buyer embargo in EU, Since r; > r,, Russia will impose the supplier embargo.

e Ife;>e,>esand r;>r, or es>e, and r5>ry, the EU is expected to pay high prices in
EU,. Thus, Russia compares r; and r; for its decision. If r; > r;, Russia will impose the
supplier embargo. If ;> r|, Russia will supply gas.

e Ife,>e,>e5andr,>ry, the EU is expected to impose a price cap. Since Russia prefers
a price cap to a supplier embargo (r,> r,), Russia will supply gas.

e If es>e, and 1> rs, the EU is expected to pay high prices. Since Russia prefers a sup-
plier embargo to high prices (r, > rs>r3), Russia will impose the supplier embargo.

The above considerations are summarized in the following table (Table 2).
The SPE and its outcome for each of the five scenarios can now be determined:

e Scenario I: e;> e, and/or r; > r3. SPE leads to the supplier embargo with utilities e; and
r.

e Scenario 2: e,>e,>e; and r3>1, > 1, SPE leads to supplier embargo with utilities e,
and r;.

e Scenario 3: e,>e,>es and 1,>r,. SPE induces Russia to accept the EU’s price cap
with utilities e, and r.

e Scenario 4: e3>e,>es and 13>1,>r,. SPE induces the EU to pay high prices with
utilities e; and r3.

e Scenario 5: es>e, and 1;>r;. SPE induces the EU to pay high prices with utilities e,
and r;.

A.2 Determination of the SPEs in the Extended Game

The SPEs of the extended game are determined by backward induction: Starting with the
subgame from EU,, the EU compares e,, es_and ¢g. Since eg> es, the EU will not concede.
If e, > ¢, the EU will impose the buyer embargo. If e, > e,, the EU will impose a tariff.

In RU,, Russia compares r; and r, with its expected outcome in the subgame from EU,.
Since r| > r, and r, > r4, independent of the expected outcome in EU,, Russia will not reject
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a price cap. If r; > r,, Russia will impose the supplier embargo. If r, > r,, Russia will accept
a price cap.

Subsequently, the EU’s decision in EU, is decided by comparing the expected outcome
in the subgame from RU, with e, and e;.

e If r,>ry the EU compares e, e, and e;. Since e,> e, the EU will not impose a price
cap. If e, > e;, the EU will impose the buyer embargo. If e3> e,, the EU will pay high
prices.

e If r,>r;, the EU compares e,, e; and e,. Since e, > e;, the EU will not pay high prices.
If e, > ¢,, the EU will impose the buyer embargo. If e, > ¢,, the EU will impose a price
cap.

Finally, Russia’s decision in node RU; compares r; with its expected outcome in the
subgame from EU,.

e If ry,>r, and e,>e; or r,>r; and e,>¢,, the EU is expected to impose the buyer
embargo in EU,. Thus, Russia compares r; with r, and will impose the supplier
embargo.

e If r;>r, and e;>e,, the EU is expected to pay high prices. Thus, Russia compares r,
with ry. If | > r5, Russia will impose the supplier embargo. If r; > r|, Russia will supply
gas.

e Ifr,>r, and e,>e,, the EU is expected to impose a price cap in EU;. Since Russia pre-
fers the acceptance of a price cap to a supplier embargo (r, >r)), it will supply gas.

For the sake of clarity, only the relevant utility orders are listed in Table 3.
The SPE and its outcome for each of the scenarios of the extended game are as follows:

e Scenario 1-4: the SPEs and their outcomes are the same as in the basic game.

Table 3 SPE outcome in the extended game under different utility orders

outcome (utili-  rg>r; ry>r>T r3>r>71y rs>r>13 r>rs
ties)
es>e, accept price cap accept price cap pay high prices supplier supplier embargo
(ey and r,) (ey and r,) (e3 and r3) embargo (e; and ry)
(e; and ry)
e3>e,>e; accept price cap accept price cap pay high prices supplier supplier embargo
(ey and r,) (e and r,) (e3 and r3) embargo (e; and r))
(e; and ry)
eg>e,>e; accept price cap accept price cap supplier supplier supplier embargo
(ey and r,) (ey and r,) embargo embargo (e; and ry)
(ey and ry) (e; and 1))
ey,>e,>eq accept price cap accept price cap supplier supplier supplier embargo
(ey and r,) (ey and r,) embargo embargo (e; and ry)
(e; and r) (e; and 1))
e,>ey supplier supplier supplier supplier supplier embargo
embargo embargo embargo embargo (e, and r))
(e; and r)) (e; and r)) (e; and ry) (e; and ry)
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Table 4 SPE outcome in the game where the EU decides first under different utility orders

outcome (utili-  rg>r, > > r3>1>71, rs>1 >0 r>rs

ties)

es>e, accept price cap accept price cap pay high prices pay high prices pay high prices
(e4 and ry) (e4 and ry) (e3 and r3) (e3 and r3) (e3 and r3)

e3>e,>e; accept price cap accept price cap pay high prices pay high prices pay high prices
(e4 and r,) (e4 and r,) (e3 and r3) (e3 and r3) (e3 and r3)

eg>e,>e; accept price cap accept price cap buyer embargo buyer embargo buyer embargo
(e4 and ry) (e4 and ry) (e, and r,) (e, and r,) (ep and r,)

e,>e,>eq accept price cap accept price cap buyer embargo buyer embargo buyer embargo
(e4 and ry) (e4 and ry) (e, and r,) (e, and r,) (e, and r,)

e,>ey buyer embargo  buyer embargo  buyer embargo buyer embargo buyer embargo

(e, and r,)

(e, and r,)

(e, and r,)

(e, and r,)

(e, and r,)

e Scenario 5a: es> e, and r;>r; > r,. SPE induces the EU to pay high prices with utilities
ez and r.

e Scenario 5b: e5s>e, and r,>r;. SPE induces Russia to accept EU’s price cap with utili-
ties e, and 7.

A.3 Determination of the SPEs in the Game Where the EU Decides First

If the EU decides first, the SPEs are determined by backward induction under all possible
utility orders, which are summarised in the table below (Table 4).
The SPE and its outcome for each of the scenarios of the extended game are as follows:

e Scenario la: e; > e, and r| > r;. SPE induces the EU to pay high prices with utilities e,
and r;.

e Scenario 1b: e, > e, and/or (r; > ry and e, > e;). SPE leads to buyer embargo with
utilities e, and r,.

e Scenario 2: ey, > e, > ey and r; > r; > r,. SPE leads to buyer embargo with utilities e,
and r,.

e Scenario 3—4, 5a and 5b: the SPE and its outcome of each of these scenarios are the
same as in the extended game.

A.4 Determination of the Nash equilibria (NE) in the simultaneous game

In order to determine the Nash equilibria (NE) for the simultaneous game, the payoffs ey
and ry are first determined under different utility orders (Table 5).

Table 5 Equilibrium payoffs of the subgame from RU, under different utility orders

ey, I'y Fe > 1 Py > > T r3>r >0y rs> 1 >, r>rs
es > e, €4, Ty TN e, 1y €T e’
e3> e, > es ey 1y ey 1y e, e, e,
€ > e > ey ey 1y ey 1y e, e, e,
ey > e > e ey 1y ey 1y e, e, e,
e, > ey ey 1y ey 1y e, e, e,
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Table 6 NE outcome in the simultaneous game under different utility orders

outcome (utili- r4 > r; Ty > 1> T r3>T >0y rs > 1 > Ty > T
ties)
es > e, accept price accept price pay high prices bilateral bilateral embargo
cap cap (e5 and r3) embargo (ez and rp)
(eyand ry) (e, and ry) bilateral (eg and ry)
bilateral bilateral embargo
embargo embargo (egand rp)
(eg and rp) (eg and rp)
e3> e, > e accept price accept price pay high prices bilateral bilateral embargo
cap cap (e5 and r3) embargo (ep and rp)
(eyand ry) (e, and ry) bilateral (eg and ry)
bilateral bilateral embargo
embargo embargo (egand rp)
(egand rp) (eg and rp)
eg > e, > ey accept price accept price bilateral bilateral bilateral embargo
cap cap embargo embargo (ez and ry)
(e4and ry) (ey and r,) (egand rp) (ep and ry)
bilateral bilateral
embargo embargo
(eg and ry) (eg and rp)
ey > ey > e accept price accept price bilateral bilateral bilateral embargo
cap cap embargo embargo (egand rp)
(eyand ry) (e, and ry) (egand rp) (egand ry)
bilateral bilateral
embargo embargo
(egand ry) (eg and rp)
e, > ey bilateral bilateral bilateral bilateral bilateral embargo
embargo embargo embargo embargo (ep and rp)
(eg and ry) (eg and rp) (egand rp) (eg and ry)

Subsequently, the NE in the game in normal form are determined under different utility
orders, whose outcome are given in the following table (Table 6).
The NE and their outcome for each of the scenarios of the extended game are as follows:

e Scenario 1-2: NE leads to bilateral embargo with e, and rp.
e Scenario 3 and 5b:

o One NE induces Russia to accept EU’s price cap with e, and r, (payoff dominant).
o The other NE leads to bilateral embargo with e and ry,.

e Scenario 4 and 5a (as well as Scenario 5 in the non-extended game):

o One NE induces the EU to pay high prices with e; and r5 (payoff dominant).
o The other NE leads to bilateral embargo with e, and 5.
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A.5 Modelling of Uncertainty
Extended Game

Consider the extended game and assume that Russia only knows its own preferences
but is uncertain about the position of e, in the EU’s preference, while the EU knows
both preferences. If r, > r;, Russia imposes a supplier embargo, the game is over. If
ry>r;>r, (as in Scenario 2, 4, 5a or in a subcase in Scenario 1), Russia’s decision
depends on whether e;> e, or e, > e;. Let g denote the probability of e;>e, and 1 — g
the probability of e, >e;. If Russia decides to impose a supplier embargo, the game
ends in oy, if it decides to supply gas in o; with probability ¢ and in o0, with prob-
ability 1 — g. Thus, Russia compares r, of a supplier embargo with the expected util-
ity g r3+ (1 — g)r, of supplying gas. Russia will impose a supplier embargo if r; >¢g
r3+ (1 — g)r, and will supply gas if r; <q r3+(1 — g)r,. The equilibrium outcome in
the complete information game is o5 if e;>e, and o if e,>e;. That is, under incom-
plete information, the complete information equilibrium outcome o; may deviate to
o, if Russia decides to impose a supplier embargo, or o, may deviate to o, if Russia
decides to supply gas. Both deviations are worse for Russia compared to the equilib-
rium outcome in the complete information game (r;>r; >r,), while the EU benefits
from the second deviation (e, > e;). At RU,, if r,>ry, r, (as in Scenario 3, 5b or in two
subcases in Scenario I), the Russia’s decision depends on whether e,>e, or e,>e,.
Let g’ denote the probability of e,>e, and 1 — g’ the probability of e,>e,. If Russia
decides to impose a supplier embargo, the game ends in o, if it decides to supply gas
in o, with probability ¢’ and in o, with probability 1 — ¢’. Thus, Russia compares r; of
a supplier embargo with the expected utility g’ r,+ (1 — g")r, of supplying gas. Russia
will impose a supplier embargo if r; >q’ r,+ (1 — g")r, and will supply gas if r,<q’
ry+ (1 — g)r,. The equilibrium outcome in the complete information game is o, if
es> e, and o if e, > e,. Under incomplete information, the complete information equi-
librium outcome o, may deviate to o, if Russia decides to impose a supplier embargo,
or o, may deviate to o, if Russia decides to supply gas. Both deviations are worse
for Russia compared to the equilibrium outcome in the complete information game
(r4>r;>r,), while the EU benefits from the second deviation (e, > e;). In the follow-
ing subgame, Russia does not have to take uncertainty into account in its decision.

EU to Decide First

Consider the game where the EU moves first and assume that the EU only knows its own
preferences but is uncertain about the position of r; in Russia’s preference, while Russia
knows both preferences. If e,>e,, the EU imposes a buyer embargo, the game is over.
Otherwise, the EU’s decision depends on whether r,>r, or r;>r,. Let p’ denote the prob-
ability of r,>r; and 1 — p’ the probability of r, >r,. If e,>e,>e; and the EU decides to
impose a buyer embargo, the game ends in o,, if it decides to impose a price cap in o, with
probability p’ and in o, with probability 1 — p’, if it decides to pay high prices in o5 with
probability p’ and in o; with probability 1 — p’. Since e, > e, the EU will impose a buyer
embargo if e,>p’e,+ (1 — p’)e; and will impose a price cap if e, <p’e,+(1 — p’)e,. The
equilibrium outcome in the complete information game is o, if r,>r, and o, if r; > r,. That
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is, under incomplete information, the complete information equilibrium outcome o, may
deviate to o, if the EU decides to impose a buyer embargo, or o0, may deviate to o, if the
EU decides to impose a price cap. Both deviations are worse for the EU compared to the
equilibrium outcome in the complete information game (e,>e,>e;), while Russia ben-
efits from the second deviation (r, > r,). If e;>e, and the EU decides to impose a buyer
embargo, the game ends in o,, if it decides to pay high prices in 05, and if it imposes a price
cap in o, with probability p” and in o, with probability 1 — p’. Since e;> e,, the EU will
pay high prices if e;>p’e,+ (1 — p”)e; and will impose a price cap if e;<p’e,+(1 —ple,.
Note that the EU can influence p’ by the level of the price cap, the higher the price cap is,
the higher is p’, the higher is the probability that Russia will accept it. The equilibrium out-
come in the complete information game is o, if r,>r| and o5 if r; >r,. Under incomplete
information, the complete information equilibrium outcome o, may deviate to o5 if the EU
decides to pay high prices, or o; may deviate to o, if the EU decides to impose a price
cap. Both deviations are worse for the EU compared to the equilibrium outcome in the
complete information game (e, > e3> e;), while Russia benefits from the first and if r; > r;
also from the second deviation (r;> r,). In this game, Russia’s initial beliefs about the EU’s
preferences do not matter, i.e., Russia does not have to take uncertainty into account in its
decision.

EU and Russia to Decide Simultaneously at the Beginning of the Game

Assume that if two NE exist, the bidders will coordinate to the risk dominant one. Then
the game always ends in bilateral embargo.

Assume that if two NE exist, the bidders will coordinate to the Pareto-dominant one.
Consider the game with simultaneous movement at the beginning and assume that the
EU only knows its own preferences but is uncertain about the position of r; in Russia’s
preference, while Russia knows both preferences. If e, > e,, the EU imposes an embargo,
the game ends with a bilateral embargo. Otherwise, the EU’s decision depends on its
beliefs about Russia’s preferences. Let p; denote the probability of r,>r,, p, the prob-
ability of r;>r;>r,, and I — p; — p, the probability of r, > r;. In case e, > e, > e;, if the
EU decides to impose an embargo, the game ends in a buyer embargo with probability
p; and in a bilateral embargo with probability 1 — p,, if the EU decides to impose a price
cap in Russia accepting the price cap by Russia with probability p; and in a supplier
embargo with probability 1 — p,, if the EU decides to pay high prices in high prices
with probability p; and in a supplier embargo with probability 1 — p,. Since e,> e,
the EU will prefer imposing a price cap than paying high prices. Thus, the EU will
impose an embargo if p;e, + (1 — p;)eg >p;e4+ (1 — p;)e; and will impose a price cap if
pie,+(1 —pleg<pe,+ (1 — pye;. The equilibrium outcome in the complete informa-
tion game is Russia accepting the price cap if r,>r; and bilateral embargo if r; > r,.
Under incomplete information, the complete information equilibrium outcome Russia
accepting the price cap may deviate to a buyer embargo if the EU decides to impose an
embargo, or the bilateral embargo may deviate to a supplier embargo if the EU decides
to impose a price cap. Both deviations are worse for the EU compared to the equilib-
rium outcome in the complete information game (e,>e,>ez>e;), while Russia ben-
efits from the second deviation (7, > rg). In case e;> e,, if the EU decides to impose an
embargo, the game ends in a buyer embargo with probability p; +p, and in a bilateral
embargo with probability I — p, — p,, if the EU decides to impose a price cap in Russia
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accepting the price cap with probability p; and in a supplier embargo with probability
1- p,, if the EU decides to pay high prices in high prices with probability p; +p, and in
a supplier embargo with probability / — p; — p,. Thus, the EU compares the expected
utilities of (p; +p,)e, +(1 — p; — p,leg, pres+ (1 —ppe;, and (p;+p,) es+(1 —p; —p,)
e, and decides to the policy option with the highest expected utilities. Note that the EU
can influence p; by the level of the price cap, the higher the price cap is, the higher is
p;» the higher is the probability that Russia will supply gas and accept the price cap. The
equilibrium outcome in the complete information game is Russia accepting the price
cap if r,>r, high prices if r;>r;>r,, and bilateral embargo if r, > r;. Under incom-
plete information, the complete information equilibrium outcomes Russia accepting the
price cap and high prices may deviate to a buyer embargo if the EU decides to impose
an embargo, or high prices and the bilateral embargo may deviate to a supplier embargo
if the EU decides to impose a price cap, or Russia accepting the price cap may deviate
to high prices and the bilateral embargo may deviate to a supplier embargo if the EU
decides to pay high prices. All deviations are worse for the EU compared to the equi-
librium outcome in the complete information game (e, > e;>e,>ep>e;), while Russia
benefits from some of these deviations (13> ry, ;> 1p).

Consider the game with simultaneous movement at the beginning and assume that
Russia only knows its own preferences but is uncertain about the position of e, in the
EU’s preference, while the EU knows both preferences. If r;>r;, Russia imposes an
embargo, the game ends with a bilateral embargo. Otherwise, Russia’s decision depends
on its beliefs about the EU’s preferences. Let g; denote the probability of e; > e,, g, the
probability of e,>e,>e;, and I — gq; — g, the probability of e,>e,. In case r3>r; >r,,
if Russia decides to impose an embargo, the game ends in a supplier embargo with
probability p; and in a bilateral embargo with probability 1 — p,, if Russia decides to
supply gas in high prices with probability p; and in a buyer embargo with probabil-
ity 1 — p;. Thus, Russia will impose an embargo if p;r|+(1 — p)rg=p;r3+1 — ppr,
and will impose a price cap if p;r;+(I — p;)rg <p;r3+ (1 — ppr,. The equilibrium out-
come in the complete information game is high prices if e;> e, and bilateral embargo if
e, > e;. Under incomplete information, the complete information equilibrium outcome
high prices may deviate to a supplier embargo if Russia decides to impose a supplier
embargo, or the bilateral embargo may deviate to the buyer embargo if Russia decides
to supply gas. Both deviations are worse for Russia compared to the equilibrium out-
come in the complete information game (r;>r,>rp>r,), while the EU benefits from
the second deviation (e, > eg). In case r,>ry, if Russia decides to impose an embargo,
the game ends in a supplier embargo with probability p;+p, and in a bilateral embargo
with probability /- p; — p,, if Russia decides to supply gas in Russia accepting the price
cap with probability p;+p, and in a buyer embargo with probability I p; — p,. Thus,
Russia will impose an embargo if (p; +p,)ri+(1 —p;— pa)rg > (p;+p)ry+(1 —p; —p))
ry and will supply gas if (p;+py)ri+(1 — p; — p))rg <(p;+p2)rs+(1 — p; — py)ry. The
equilibrium outcome in the complete information game is Russia accepting the price cap
if e,> e, and bilateral embargo if e, >e,. Under incomplete information, the complete
information equilibrium outcome Russia accepting the price cap may deviate to a sup-
plier embargo if Russia decides to impose a supplier embargo, or the bilateral embargo
may deviate to the buyer embargo if Russia decides to supply gas. Both deviations are
worse for Russia compared to the equilibrium outcome in the complete information
game (r,>r,>rp>r,), while the EU benefits from the second deviation (e, > ep).
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