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Abstract: Brexit in 2020 has aroused widespread concern in the international community on the
relationship between the United Kingdom and the European Union. This article uses a review method
to summarize the reasons for Britain's entry into the EU and Brexit from the perspective of payoff in
game theory, and to predict the future relationship between the two parties. The first part combines
the changes in payoff between the two parties when the UK joined the European Community to
explain the reasons why the UK finally joined the EU. The second part is about the three main game
models of Brexit and the analysis of payoff. Finally, from the perspective of game theory to predict
and explain that the most likely future relationship between the UK and the EU is the Norwegian
model. This article is of great significance to the study of the current international situation. It has
analysis and reference significance for countries that may leave the EU in the future, such as Poland
and Sweden.

1. Introduction

The European Union is currently the world's largest economy [1]. If only considering the country,
the UK is the fifth largest economy in the world. In December 2020, the UK officially announced
Brexit. This behavior has brought about tremendous changes to the current international situation.
Brexit has set a precedent for countries to withdraw from the regional cooperation alliance. It will not
only put a huge test on the governance of global multilateral cooperation, but also weaken the EU's
international status and global influence. Therefore, since the UK announced its formal Brexit on
December 31, 2020, the interest relationship between the UK and the EU and the international
situation have become the focus of global attention.

Regarding Brexit, there have been many documents analyzing the interest relationship between the
UK and the EU from the perspective of game theory and establishing a game model. Because game
theory can more clearly analyze and solve the basis and feasibility of each player's choice of strategy
[2]. For example, game theory can easily solve the limits of hegemonic stability theory [3]. Most of
the literature only analyzes the game of Brexit, however, there are few studies on Britain's entry into
the European Union and predicting the future shape of the United Kingdom and the European Union.
Therefore, this article will use the timeline as a clue to summarize the relationship between Britain
and the European Union through the literature from the perspective of payoff.

Besides, game theory can help to study the predicted and actual behaviors of players in games and
their optimization strategies [2]. Among them, the rational person hypothesis is an important concept
and premise hypothesis in game theory. The hypothesis of rational person means that the subject of
decision-making is full of reason, neither emotionally nor blindly following, but proficient in
judgment and calculation [4]. National governments can be regarded as rational people, they will only
choose the most profitable decision.

Through game theory perspective, this article can help analyze the current international politics
and economy, predict the future international situation and the change of future status of the UK and
the EU. At the same time, it plays a role in predicting and analyzing the possible future choices of
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Germany and other EU countries, and can also provide references for other countries such as Denmark
and Poland.

The remaining paper reviews and summarizes different games from the perspective of payoff.
Section 2 reviews that payoff from the background analysis and then introduces the change of payoffs
from 1950 to 1973 that Britain did not want to join the European Community (EC) until it was rejected
twice. Section 3 mainly introduces the progress of Brexit based on Brexit three game models of
McCulloch and Guely. Section 4 mainly introduces papers about the prediction of future trade
relations between the UK and the EU through payoffs. Section 5 summaries the reasons for the UK’s
change, and discuss the impact of the Brexit game on other countries and the international situation.

2. 1950- 1973 Britain joined EC

Although there are very few games theory analyses on joining the EU in 1973, the analysis in many
scholars’ articles clearly reflects the concept of game theory’s payoff. Therefore, this article
summarizes the article that analyzes the decision-making between the UK and the EU from the
perspective of payoffs, and tries to help readers understand this issue from the perspective of game
theory.

2.1 Payoff and strategy of Britain not joining the EC from the geographical, economic and
political aspects

Before the establishment of the EC, the six Western European countries initiated the invitation to
the United Kingdom in the Schumann Plan [5]. Some scholars analyzed the payoff of different
strategies in the UK from the perspective of geography, politics and economy.

From geographical perspective, the payoff for Britain to join the European Community was less
than that for not joining [6]. Because the United Kingdom was an island country independent of the
European continent and other overseas colonies were also far away from the European continent, not
joining the European Community would enable the United Kingdom to strengthen its ties with the
colonies and increase its payoff. Payoff that joins the European Community was opposite. Therefore,
from a geographical point of view, the benefits of not joining the European Community were greater
than the benefits of the United Kingdom. The strategy of the United Kingdom was not to join.

In addition, in the further study, the reduction of political payoff was also one of the reasons why
Britain chose not to join the EC [7]. The geographical location had led British politics to adopt a
policy of non-interference in continental European affairs, which was not participating in continental
European politics and diplomacy. Joining would reduce the UK’s right to speak and affected its
relationship with the Commonwealth. As a result, the payoff reduced compared with keeping the
status quo. Therefore, from a political point of view, the payoff for the UK not to join the EC was
greater than for joining. The British strategy was not to join.

Scholars analyzed the payoff of Britain joining the EC and not joining the EC from an economic
perspective, and they believed that Britain’s strategy was not to join the EC [8-9]. Because joining
would make Britain separate from the independence of the empire and prevent Britain from free trade
with the Commonwealth and other countries and reduce Britain's economic payoff. If you didn't join,
you could keep the status quo. Therefore, from an economic point of view, the best strategy for the
UK should be not to join.

From the perspective of game theory, in terms of geographic location, politics and economy, not
to join the EC was a dominant strategy. Therefore, for the first time, Britain rejected an invitation to
join the EC.

2.2 Britain wanted to join the EC but was rejected by France twice

As the economic gap between the UK and the six EC countries continues to narrow, the UK's
payoff has changed. Therefore, the British strategy was changed to join the European Community,
but it was rejected by France because it was afraid of the decline of its status due to Britain's
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participation. Many scholars analyzed the game of France's two rejections of Britain's participation
in the EC from the perspective of Britain and France.
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Figure 1. Percentage difference between the UK's GDP per capita and EU founding members'
(EU6) and EU5 (excludes Luxembourg) between 1950 and 2011[10]

From the perspective of the UK, the British payoff has changed under the influence of the national
liberation movement, which led to the British wanting to join the EC [6]. British Commonwealth not
only began to gradually split politically, but also received worse and worse economic treatment [10].
Therefore, the payoff of trade with the Commonwealth was reduced and the benefit of not joining the
EC is reduced.

After Britain joins, it would receive the support of the EC, and the payoff would increase because
the strength of the EC had continued to increase [11]. Figure 1 intuitively showed that the gap in GDP
per capita between the UK and the EC was narrowing. So, the UK believed that the EC would help
Britain solve the problems caused by the domestic economic difficulties and the depreciation of the
pound sterling. At this time, the payoff for the UK to join the EC was greater than not to join.
Therefore, the British strategy was to choose to join.

However, France rejected the British request twice. Some scholars suggested that the entry of the
UK would affect the dominant position of France [7]. France was also worried that the United States
would intervene in more European affairs through the UK [8]. Although Britain's accession
strengthened the EC, the benefits for France would be small because it would reduce its influence
from the dominant position of the EC. Therefore, for France, the rejected payoff was greater than the
agreed payoff. In the end, France rejected the British application for accession twice.

2.3 Britain joins the European Union

Scholars studied the changes of French payoff with development of West Germany [12]. Due to
the severe economic imbalance and recession in France and the rapid economic development of West
Germany, France was worried that the re-emergence of West Germany would shake its dominant
position. So, it needed British power to contain West Germany [11]. At this time, the British economy
was gradually lagging behind the six countries of the European Community. Therefore, France did
not agree with the decline in the payoff of Britain's accession. In summary, France's dominant strategy
was to agree to Britain's accession.

For the UK, at this time, the strategy had not changed because the payoff for joining the EC was
still greater than the payoff for not joining. After more than ten years of negotiations, Britain finally
joined the European Economic Community commonly known as the Common Market.
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3. 2020 Brexit

This part would summarize the Brexit game from the perspective of the UK, the EU and the British
Prime Minister's perspective on three different game models. In order to better understand the content
of the following article, here are some basic concepts of game theory.

In game theory, if there is an optimal choice that has nothing to do with the strategies that other
competitors may adopt, it will be called a dominant optimal strategy. If each participant chooses the
dominant optimal strategy, then this situation will be defined as a Nash equilibrium [3]. Nash
equilibrium means that any player who changes his strategy unilaterally in this situation will reduce
his own profit [13]. A complete information game refers to a game in which each participant has
accurate information about the characteristics, strategies, and profit functions of all participants.
Incredible threat means that although it is optimal beforehand, it is not optimal afterwards, so it is
unreliable.

3.1 UK perspective of Brexit game

Many scholars thought that the most important factor leading to Brexit was economic factors [14-
15]. UK must bear high EU membership fees [16]. At the same time, the UK had to endure the
constraints of the EU single market [17]. Therefore, the payoff of UK for staying in the EU became
low. Therefore, changes in the background had led the UK to want to leave the EU.

3.2 EU perspective of Brexit game

offer
bad deal

offer
good deal

(0, -8)
Figure 2. Extensive form of the game proposed by McCulloch [18]

McCulloch's established a game model (as shown in Figure 2) to analyze the Brexit between the
EU and the UK. This paper pointed out that the only Nash equilibrium in this model was that the EU
provided bad deals and the UK stayed in the EU [18].

Through the further study of McCulloch's game model and analysis from political perspective,
scholars concluded that a good deal from the EU to the UK would bring a very bad payoff to the EU
[19]. Because if the UK not only leaved the EU smoothly but also got a good deal, it would accelerate
the division of other EU member states and caused confusion and decline in the status of the EU.
Therefore, in this game model, the EU's payoff for a good transaction was much lower than a bad
transaction. So, the EU would give a bad game and the UK would choose the strategy of not leaving
the EU.
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3.3 British Prime Minister's perspective of Brexit game

Boris Johnson
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Figure 3. Extensive form of the Brexit End Game in Guely’s model [19]

After the EU gave a deal to the UK, Boris announced in January 2020 that if the EU did not accept
the existing agreement, the UK would leave the EU without that deal [19-25]. However, some
scholars have concluded from the perspective of game theory that this had been an incredible threat.

In Figure 3, Guely raised a game theory model from Boris's perspective and pointed out that this
was a complete information game [19]. After analyzing Boris' payoff through reverse induction,
scholars concluded that there had been two Nash equilibriums in this game, where the UK had an
existing agreement to leave the EU and the UK did not leave the EU.

4. The game between the UK and the EU after Brexit

Some scholars predicted the relationship between the UK and the EU in the future. There were
three widely accepted options for the trade strategy between the UK and the EU after Brexit. First
option was to "be a Norway" and joined the European Economic Area. Second option was to "be a
Switzerland™ and negotiated a bilateral agreement with the EU. Third option was to act alone as a
member of the World Trade Organization [18]. The following summarized the research based on the
concept of payoff in game theory and explained why the future relationship had been most likely to
be the Norwegian model.

4.1 “Be a Norway”

From the perspective of the United Kingdom, some scholars believed that the Norwegian model
could minimize the trade costs of Brexit [26]. Because the Norwegian model would not damage the
British economy and allowed the free movement of people. The Norwegian model could bring the
highest payoff to the UK.

However, there still were some disadvantages for the UK in this situation. Because the UK still
needed to pay membership fees to the EU and must comply with most EU laws. Although the UK
did that, they had no seat in rulemaking [27]. So, the payoff of the UK’s Norwegian model strategy
might not be high as some scholars thought.

But in general, the Norwegian model still brought the highest payoff to the UK compared with
other options. The Norwegian model was also the favorite trade model of most parliamentarians who
supported Brexit in the future, and it was also the best strategy for the UK.
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Regarding the EU, the other side of this game, some scholars believed that the Norwegian model
could not only bring high economic payoff to the EU, such as the United Kingdom’s dues and trade,
but also politically [28]. Due to the particularity of the Norwegian model, the EU could formulate
new rules and laws. Therefore, the Norwegian model strategy was also the model that the EU most
hope to achieve, because it could bring positive returns to the EU.

4.2 “Be a Switzerland”

From the perspective of the United Kingdom, some scholars believed that the Swiss model would
bring less economic benefits to the United Kingdom than the Norwegian model. This paper had
shown that although the Swiss model would continue to trade with the EU to a certain extent, it had
been restricted in many ways like economic and political [29-30]. For example, under the Swiss
model, the banking industry and other service industries in the UK were subject to market access
restrictions. Since the British banking and financial industries account for 80% of the economy, the
Swiss model strategy would bring very negative returns to the British economy. In general, they
thought that the Swiss model would bring less payoff to the UK than the Norwegian model.

From the perspective of the EU, although the Swiss model strategy brought positive payoffs similar
to the Norwegian model economically and politically, the Swiss model tended to restrict the number
of EU labor forces [31]. This strategy greatly reduced the EU’s overall payoff. Because accepting this
guota meant the end of the free movement of people, which was unacceptable by the EU. Therefore,
the Swiss model’s payoff to the EU was lower than the Norwegian model. The EU preferred to reach
the Norwegian model.

4.3 “A member of the World Trade Organization”

From the perspective of the United Kingdom, some scholars believed that the decline in bargaining
power, the reduction in trade volume and the decline in income would have a very negative impact
on the benefits of the British economy [32]. Therefore, even if the UK completely abolished tariffs,
it would face a bad payoff economically. This strategy was the lowest payoff for the UK. Britain
wanted to avoid this strategy.

As to the EU, this model would also bring negative benefits because of tariffs and restrictions on
the import and export of services [33]. The payoff of this strategy was equivalent to the previous no-
deal Brexit strategy. Therefore, under this strategy, the EU's payoff was also the lowest. The EU
wanted to avoid this strategy either.

5. Conclusion

This article summarizes the relationship between the UK and the EU through three perspectives of
accession, Brexit, and future by game theory.

When joining, the UK did not join at the beginning because of the influence of geographical,
economic and political factors. However, with the development of the EU economy and the prominent
political problems in the UK, the payoff for joining had increased. The UK wanted to join, but it was
hindered by France. The UK could not join until 1973 that the payoff in France changed due to the
rapid development of Germany.

After a while, the economic payoff of the UK staying in the EU has been continuously reduced.
Facing Britain's proposal to leave the European Union, the European Union gave a bad deal based on
some game models. By analyzing the model, scholars found that British Prime Minister Boris made
an incredible threat statement about Brexit. Regarding Guely’s game model, there were two Nash
equilibriums where Britain's abandonment of Brexit and acceptance of the existing agreement to leave
the EU. In the end, Britain chose the latter.

In the future, there were three types of trade relations between the UK and the EU that are most
widely accepted and recognized by scholars. They were the Norwegian model, the Swiss model and
being a WTO member. The negative payoff brought by the Swiss model to the British banking
industry was too serious. Similarity, the negative economic impact of being a WTO member on the
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UK’s economy was equivalent to a no-deal Brexit. Therefore, the Norwegian model was considered
to have the least impact on the British economy and the most promising model for both the UK and
the EU. Although it also had some disadvantages, it was the best strategy in these options.

This article has the significance of analyzing the international situation and predicting the future
trade relations between the UK and the EU. At the same time, this article also provides some
experiences for other countries that want or are likely to leave the European Union, such as Denmark
and Poland.
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