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1. Motivation and previous research

Evolving of free trade agreements creates not just a free, mu-
tually beneficial trade exchange between actors, but may re-
sults in elimination of non-tariff barriers. Since the 1950s, due
to global processes, their number has increased exponentially,
and this trend is likely to continue in the coming decades. At
the same time, their nature has gradually changed, so that to-
day's world trade involves a number of rapidly integrating ac-
tors who are forming ever deeper and more complex collabora-

tions.

The examination of cooperative trade policies is made nec-
essary by the increasing relevance of free trade agreements,
which the dissertation intends to implement with game-theo-
retic oligopoly models. There are currently two groups of tools
most commonly used to quantify trade agreements in the inter-
national literature: oligopoly models illustrate situations before
and after negotiations with micro-level profit analyzes — they
create the profit function with the help of income and cost func-
tions, and then, based on the first-order condition of optimiza-

tion, the they show the equilibrium emission levels by using
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reaction functions. (Such analyzes are dealt with, for example,
by Bagwell-Staiger (1999, 2002, 2009), Zissimos (2009), or
Soegaard (2013).) Gravity and Computable General Equilib-

rium (CGE) models based on macroeconomic elasticity are
macro-level economic/commercial impact analysis is carried
out. (Arkolakis et al. 2012, Felbermayr et al. 2013, Kutasi et al.
2014) With this thesis, our aim is to include a third category,
the extension of the microeconomics-based game theory oli-
gopoly toolbox to the level of countries and regions in the com-

mercial to investigate effects.

Oligopoly models are most often given a game-theoretic ap-
proach, which is why we also apply this approach in the thesis.
According to this, to set up a game, players, strategies (choices)
and payoffs (consequences of choices) are needed. Basically,
we use a non-cooperative game for free trade agreements: this
means that during the game, if one of the parties puts the other
in a worse position, they can expect a response; and the indi-
vidual participants show essentially competitive behavior, — if
cooperation is established, it can only be realized because it is
in the interests of the parties individually. (Markusen 2002,
Kreps 2005, Kapas 2017)
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The basis of the concept is determined by the interactions

between global economic actors. In the course of their deci-
sions, trade partners can form agreements or maintain tariffs,
which divert profits towards the internal market at the expense
of foreign trade partners. Strategies can only be maintained
through repeated interaction, but they can be changed at any
time. The application of customs duties is unilateral or multi-
lateral, while cooperation is the result of a multilateral decision.
The main goal of economic actors is to achieve maximum pros-
perity, therefore during their interactions with each other — be
it cooperation or conflict — they certainly make decisions that
can improve their original situation; therefore, considering
their own circumstances (rules, options), the actors always
choose the most favorable option available to them. Economi-
cally oriented decisions are illustrated by reaction functions,
which can be used to show the equilibrium situations that de-
velop during the game, the optimal strategies of the participat-

ing parties, and determine the possible winners and losers.

Although the literature generally agrees that trade policies
are aimed at maximizing economic profit, we often encounter

situations where economic profit takes a backseat and is
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replaced by other geopolitical or security policy interests. The

actors of the agreements make their strategic decisions in the
light of these. (Laidi 2008, Dieter 2014, Kutasi 2015, Eichen-
green et al. 2019)

The difficulty of elections lies in determining the degree of
interaction between the participants: competition results in spe-
cial advocacy; collusion is a willingness to move in the other's
direction; cooperation means compliance with the rules result-
ing from commitment; integration is an in-depth form of con-
nection where economic policies and norms are harmonized;
coordination results in the greatest dependency through joint,

supranational governance. (Blaho et al. 2004)

The payouts of the actors depend on the choice of strategies,
so the expected profits change. The most optimal version avail-
able to everyone is illustrated by the Nash equilibrium, its ex-
tended versions show the best strategy combinations created
during oligopoly corporate competition. (Neumann—Morgen-
stern 1944, Axelrod—Hamilton 1981, Kreps 2005, Koczy 2006,
Colman—Gold 2017)
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In our dissertation, based on what has been said so far, we

are looking for answers to the two central questions: what type
of interaction brings greater economic benefit, and where is the
point where it is worth going to for the parties to break down
customs barriers; along the lines of these two questions, we ex-

amine the impact of trade agreements on economic well-being.

2. Applied method

The structure of our generalized commercial
model

The economies in the model are actors in a trade agreement
that export products and services to each other. In the pre-co-
operation period, customs duties are applied against each other,
but afterwards they are abolished, but at least the existing ob-

stacles are reduced.

Setting up the game is made possible by the combined ex-

istence of three factors:

{N' (pi)' (ni)' S N}
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Players: economic spots (states, regions, integrations):N =
1;2;..n ugy, hogy i =1,—i = 2ési # —i. In this created
environment, players interact with each other in such a way that
they are strategically interdependent. This means that a player's
payoff depends both on his own strategy and on the strategy of

the other (others) and vice versa.

Strategies: maintaining the status quo or establishing a free

trade agreement: p = pre, post.

Payoffs: players' trade profit and welfare levels for each
strategy: T[f, n?., which in all cases denote a rational number

—i°

(P, mP; € R) for all elements of the strategy set.

The game consists of a series of actions, which the players
perform based on their decisions, taking into account their own
and others' strategies based on the existing set of information.
For formulation and mathematical tractability, we write our

model in normal form.

Export revenue

The export revenue function for the players is as follows:
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P _ PP
tr; = v; q; , where

v (qf,q%;) = af — (aF+4%); o

P _ P D
trl; = v_,q_;, where

v (g% a?) = a®; — (a7 +4,).

In the export income function, a? the general coefficient, gP
it shows the exported quantity before and after the conclusion
of the trade agreement (p: pre, post) period, while v? the es-

timated value of the export.

Export costs

The export cost function is the general coefficient (B?), tar-
iff (tP), transport (sP) and administrative (aP) cost occurs

along costs depending on the exported quantity:

tef = (B +c))ay»

tc?; = (BE; + c2)ql;, where 22)

e’ (ql) =tf(qF) +sP(q)) + al (g]),

Cfi(qfi) = tfi(qfi) + Sl_ji(qfi) + afi(qfi),
10
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We note that in our theoretical model, although we show the

shipping and administration costs, during the calibration we
consider them as part of the total income (profit) in accordance

with professional statistics.

Trade profit

The profit from exports is determined by the difference
between the total export revenue for products and services and
the related costs. The markets are identified according to the
two nominated groups, which simplifies but does not harm the

operation of the model.

Based on this, the complete profit functions for products and

services are characterized by the following equations:

p

PP PN _ gD
ni,s (qi,s' q—i,s) - tri,s tci,s’

(2.3)

p p PN _ 4D LD
n—i,s (q—i,s' qi,s) - tr—i,s tc—i,s’

where s = pro, ser.

If this breakdown is applied, the total profit of trading farms in
period p is:

11
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bp __Dp 14
z ni,s - T[i,pro + 7Ti,ser'

(2.4)

p — P p
Z T[—i,s - T[—i,pro + 7T—i,ser'

Opportunities for optimization under uncertainties

The determination of the optimum point of the commercial
oligopoly model works on the same principle as the basic
Cournot model. The actors recognize the conditions existing
during the interaction and then maximize their objective func-
tion based on them. It is advisable for both players to follow
the optimum point, as none of them can get into a better posi-

tion.

The maximization is therefore realized as follows:

anfg
p =0,
aqi,g
(2.5)
E)nfilg
5 0
aq_i’g

12
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The shape of the reaction functions:

14 14
D P _ (ai,s - Ci,s) P
ri,s(qi,s) - 457 —bis
Bis (2.6)
(a®. . —cP.
p P\ _ i,s i,s p
r—i,s(qi,s) - Zﬁp- - O’Sq—i,s'
—-i,s

Then the trade balance occurs as follows:

Bl = (af + 67 - 2¢]) 5
(2.7)

E@") = (@ + B~ 267) 3

However, the available profit of the players is affected by
external uncertainties (Uip ); as long as the players have full in-
formation about customs and transport costs, they cannot price
the bargaining position, risk behavior and geopolitical factors
of the participants with complete certainty. As a result, we in-

troduce the uncertainty variable (U) to show the profit:

13
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nP|UP, qf|UP, vP|UP, cP|UP,

(2.8)
|U—l’ P |U—l’ vfilUfi’ |U—l’
where UP s U?,, vagy U? = U?..
The expected profit then occurs as follows:
i |GP = (af + B = T |UDa?,
(2.9)

P |GP, = (a?; + BP, — P, |UP)qP;

The reaction functions of the actors are illustrated by the fol-

lowing equations:

(af) = (af + 57 - —C”IU”)—
(2.10)

rhi(ar) = (a2 + B2 —qf = <L U2 )—-

The predicted trade balance in case of uncertainties:

E(@q)) = (af +pF - —Zcf|Uip])%, o1
2.11

1
E@") = (a? + 8% —qf - Zcfilufi])z-

14
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In the event that the participating economies are fully in-

formed, point E represents the equilibrium situation. If there is
uncertainty, the actors step aside and optimize at another point.
The greater the risk, the further they are from the original equi-
librium state. With regard to commercial relations, it may also
be the case that certain events do not affect the players and
therefore do not pose a risk; this can also apply to 1,2,...n play-
ers, but others can strongly influence the behavior of the char-

acters.

We add that if the players are able to price the entire set of
risks surrounding them, then they are fully informed in the cre-
ated situation, if they are not, then they are not fully informed.
It 1s important to note that information is only complete in our

model if we do not account for uncertainties.

3. Results of the thesis

o The literature carries out and describes wide-ranging im-
pact assessments related to trade liberalization. Micro-
level theories mainly examine the effects on consumer util-

ity, product and production factor prices, as well as

15
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corporate output, marginal cost, marginal benefit and

profit depending on various variables. Approaches that ex-
amine macroeconomic factors typically explore the conse-
quences for trade, growth, consumption, and public invest-
ment. As a complement to the previous ones, by extending
oligopoly models to economies, the dissertation presents a

new, novel point of view in such a way that it realizes:

» the transfer of microeconomics theory to interna-

tional trade;

» the integration of the newly created "trade model"

into the theoretical models of trade.

o The so-called trade model describes precisely the decision
sequences and also how two countries/groups of countries
can be inserted in place of companies by making modifi-

cations to the basic settings of the original Cournot model.

o It can also be described as a novel result that the thesis
matches the concepts of the financial results of the compa-
nies with the definitions related to international trade, so it
becomes possible to interpret, among other things, the cus-

toms level, or the income from exports, and the costs.

16
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Additional results of the model:

o it is possible to examine the roles that economies play in

trade interactions;

o ceteris paribus, the level of benefits at given export and
customs levels can be revealed, in addition, it is also pos-
sible to show the profit of commercial actors for each level

of output;
o the entire decision-making process can be modelled,
o the winners and losers of the game can be determined,

o the possibilities of the direction of displacement compared

to the original state can be compared in such a way that:

= strategies can be changed and thus the position of the

actors can also change,

* individual inputs can also be changed in order to
seek greater profits, by means of which it is possible
to find out what effect, for example, changes in the
export volume, export price, or customs have on the

players and, as a result, on the level of trade;

17
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(@]

it can be seen within what framework the conclusion of a
trade agreement can bring profit; since it is possible to as-
sess what proportion of customs reduction is necessary in
order for all actors to obtain mutual benefits; at the same
time, it can be observed at which levels the application of

restrictions becomes harmful;

conclusions can be drawn from the observed reactions,
which can be used to deal with commercial situations that

arise later;

as aresult of all this, false-possible assumptions can be for-
mulated that help in understanding commercial situations,
in resolving conflict situations of this kind, and thus in se-
lecting the strategies that are likely to generate the highest
profit.

It should be noted that in the case of free trade agreements,
the size of the profit always matters, therefore the profits

assigned to each output level are given special importance.

The main benefit of the dissertation is that it wants to prove
an applied economic assumption (i.e. the analysis of inter-

national trade agreements with a newly created trade

18
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model), and thereby wants to convey a new, innovative ap-

proach to trade theory itself, based on a broad theoretical

synthesis.
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