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Annomauus. Hepmo u 2az s61a10mces 0GUICYWUMU CULAMU MHOSUX GUOO8 IKOHOMUYECKOU U
NPOU3B00CMEEHHOU 0esTMeNbHOCU, NOIMOMY OHU 3AHUMAIOM 8AdCHElUee MECO 6 IKOHOMUYECKOM POCHE
u passumuu. I'azoeoe mecmopooicoenue FOcnvuii Ilapc/Cesepublii Kynon - KpynHeuuiee 6 mMupe 2a3080e
Mecmopodcoerue medxncoy Hpanom u Kamapom, xomopoe uyscoaemca 6 npasunvHou paspabomxe u
ucnonvsosanuu. Upan u Kamap coemecmno @radeiom smum MeCmOpPONCOCHUEM, U HA HUX JIeHCUm
O0MBEMCMEEHHOCYb 3d PA3PAOOMKY COOMEEMCMEYIOWUX Cmpameuti no dKCHIyamayuu Hegpmu u 2asa. B
OaHHOM UCCNIE008AHUU AHATUUPYIOMCS Yemblpe cmamuyecKue ucpogvle mooenu paerogecuss Howa u
onmumanvHvle cmpameeuu Mmedxcoy Hpamom u Kamapom no oxcnayamayuu ux obwezo pecypca.
Ipeononacaemcs, umo odobwisarowas cnocoonocms Hpana 3asucum om MenNCOVHAPOOHLIX CAHKYUL, 4o
npueooum K HepageHcmesy 000wvisaioujux cnocobnocmei. Paznuunvie ycnosus modenu sxmouaiom "pasnoe
pacnpedeiieHue pecypcos u pasHyio 0obwigarowyio cnocoobnocms”, "nepasnoe pacnpedeneHue ¢ pasHoll
dobwisaioweli cnocobrocmuio”, "pasnoe pacnpedenenue ¢ HepasHou 0obwisaloOwel cnocobrocmvio” u
"HepasHoe pacnpedenienue ¢ HepasHou Oobwvisaoweli cnocobrocmovio”.  Pezyremamul  uccredoganus
NOKA3bIBAIOM, YMO 6 NEPELIX 08YX CYEHAPUSIX, 8 KOMOPLIX HU 00HA U3 CMPAH HE N008eP2aAemcsl CAHKYUAM, 00e
CMpansl O0IHCHL RPUHSND PeUleHUe 0 HenpuHamuy 00s3amenvcme no compyonuyecmsy. Oonako 6 08yx
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nociedHux cyenapusx, koeoa Mpan naxooumcs noo cankyusmu u obaadaem 6onee ciabotl 0oobwlearouyel
CUNIOU, OH QOMCEeH NPUOEPHCUBAMBCS NOJUMUKU COMPYOHUYeCmsa, 6 mo 8pemsa kax Kamap Oondicen
npUOEPIHCUBAMbCSL HOOX00d, He npednoaazaujezo compyonuvecmsa. Takum obpazom, peweHue cmpaust 00
yuacmuu 8 JIKCnayamayuu oOwWux pecypcog 3agucum om ee 000wvisaioujell CnocooHocmu, a He om
pacnpedenerus pecypcos. CredosamenvHo, MOACHO YMBEPIHCOAMb, Yo HA 00Uee 2a3080e MeCOopoICOeHUe
Hpana u Kamapa, komopoe nooeneno HepasHoOMepPHO, CYUeCmeeH o eausiom cauxkyuu. M3-3a canxyuii Upana
e20 0obvlearowas cnocoOHOCb CHUBULACL, U OH NPUHSL cmpamezuio compyonudecmea ¢ Kamapom. B mo
Jice 8pemst domunupyrowel cmpamezeueil Kamapa sensemcs omxaz om compyonuvecmea. B pesynomame
HUpan cmpadaem om sxcniyamayuu oouwux pecypcog 8 yCiosusx CaHKyuil.

KuroueBble ciaoBa: raszoBoe Mecropoxxaenue Oxnbeiii Ilapc, Teopust urp, paBHoBecue Homia,
NoOBIBarOINAsl CIOCOOHOCTD, pacipeeneHue pecypcos, Upan, Kartap

s nuruposanms: Ilepsyxun /{. A., /lasapoycm Xaou, Komos /. J{. Mooeruposanue u ananus
UCNOMbL308aHUS 00UX 2a308bIX pecypcos Upana u Kamapa 6 pasnuunvix cyeHapusx pacnpeoeienus pecypcos
u MowHocmu 000bIYU: N00X00 Ha ocHoge meopuu uep // Cospemennas Hayka u unnosayuu. 2024. Ne 1 (45).
C. 8-24. https://doi.org/10.37493/2307-910X.2024.1.1

Abstract. Oil and gas are the drivers of many economic and production activities, so they have a
crucial place in economic growth and development. South Pars/North Dome gas field is the world's largest
gas field between Iran and Qatar, which needs to be properly developed and utilized. Iran and Qatar jointly
own this field and they have the responsibility to develop appropriate strategies for oil and gas exploitation.
This study analyzes four static Nash equilibrium game models and the optimal strategies between Iran and
Qatar to exploit their common resource. Iran's extraction capacity is assumed to be affected by international
sanctions, which leads to inequality of extraction capacity. The different conditions of the model include "equal
resource allocation and equal extractive capacity”, "unequal allocation with equal extractive capacity”, "equal
allocation with unequal extractive capacity” and "unequal allocation with unequal extractive capacity”. The
results of the study show that in the first two scenarios, in which neither country is sanctioned, both countries
must decide not to commit to cooperation. However, in the latter two scenarios, when Iran is under sanctions
and has weaker extractive power, it should adopt a cooperative policy, while Qatar should adopt a non-
cooperative approach. Thus, a country's decision to participate in the exploitation of shared resources depends
on its extractive power rather than resource allocation. Consequently, it can be argued that Iran and Qatar's
shared gas field, which is unequally divided, is significantly affected by sanctions. Iran's sanctions caused its
production capacity to decrease, and it adopted a strategy of cooperation with Qatar. At the same time, Qatar's
dominant strategy is non-cooperation. As a result, Iran suffers from exploitation of common resources under
sanctions.

Keywords: South Pars gas field, game theory, Nash equilibrium, production capacity, resource
allocation, Iran, Qatar
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Introduction. The oil and gas sector is one of the largest and most strategically important
industries in the world. Research shows that hydrocarbon resources will remain the main source of
energy until at least 2050. Following the oil shock of the 1970s, awareness of the importance of
efficient management and consumption of energy resources increased throughout the world. In most
developing oil-exporting countries, oil revenues account for a significant share of foreign exchange
and government revenues, being the most important factor determining economic performance. The
oil and gas industry has a significant impact on economic activity, living standards, social security
systems, and the supply of goods and services that rely heavily on oil and gas revenues [1-3].

According to international statistics provided by BP, in 2021 and 2022 the world's total proven
oil reserves will be about 1,732.4 billion barrels. Iran accounts for 157.8 billion barrels, which is 9.1%
of total reserves. In addition, Qatar has oil reserves of 25.2 billion barrels, which is 1.5% of the total.
Also, if we consider the world's total proven natural gas reserves of about 188.1 trillion cubic meters,
Iran's share is 32.1 trillion cubic meters, or 17.1% of the total. On the other hand, Qatar's proven
natural gas reserves are 24.7 trillion cubic meters, or 13.1%. Thus, these two countries have an
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impressive amount of world oil and gas reserves: Iran - 10.6% of world oil reserves, and Qatar -
30.2% of all gas reserves [4, 5].

Natural resources, including oil and gas, often cross the territorial and political boundaries of
two or more countries, requiring international cooperation in their management. Since the oil shocks
of the 1970s, managing the consumption and exploitation of these cross-border resources has become
a priority for energy policy at the international, regional and national levels. Development of general
deposits is a complex process involving technical, economic, legal and political problems. These
problems can hinder the attraction of foreign investment, the introduction of modern technologies
and the involvement of countries with different legal and political frameworks. Several factors must
be considered when developing energy policy, including fuel availability, associated costs and prices,
stakeholder interests, fuel source and required infrastructure [6-13]. According to Bailey [6], taking
these aspects into account is critical to developing effective energy policies. For the effective use and
joint development of shared resources, it is essential to resolve any issues of demarcation between
the relevant parties [14-16].

One of the key problems in the use of these resources is the different legal positions regarding
territorial sovereignty over a common territory [17]. Conflict occurs when two or more players
disagree on an issue. One of the mathematical approaches to analyzing the behavior of players in a
conflict is game theory, first presented by Morgenstern [18]. Game theory is especially useful when
the number of players (agents) in conflict with each other is limited, since in this case the behavior of
each player has a significant impact on the returns of the other players [19]. This is a powerful tool
for predicting and analyzing possible actions of players and the outcome of a conflict over shared
resources [20]. The purpose of this study is to improve our understanding of conflicts of interest
between countries in the process of extracting and exploiting shared resources, using a game theory
approach. In particular, the focus is on studying the strategic behavior of Iran and Qatar regarding the
South Pars/North Dome field. Iran's ownership of 25% of the field's resources is complicated by
international sanctions, while Qatar owns 75% and uses advanced technologies in resource extraction
(this study). The South Pars/North Dome field is the largest gas reservoir in the world, shared by Iran
and Qatar, and is expected to play a key role in meeting the growing demand for natural gas in the
future in both countries. However, since there are no fixed boundaries for joint gas fields, the failure
of one party to extract the resource could result in the other party taking a larger share. If Iran fails to
increase gas production from the South Pars/North Dome field, Qatar could lay claim to a larger share
of this valuable resource. The geographical location of the (South Pars) / (North Dome) gas fields and
the productivity growth trend of the entire South Pars field compared to Qatar are shown in Figure 1.

The main contribution of this work is the introduction of two influencing factors, namely the
“share effect” and the “sanction effect” regarding the exploitation of common resources. These
factors shed light on how common resources are used and managed, providing critical information
for policymakers and resource managers. The share effect is associated with the distribution of
resources that are commonly owned by countries, which can be characterized by either symmetric or
asymmetric distribution. When studying the equity effect, which is often demarcated by geographic
boundaries between countries, it is important to consider the nature of shared resources. To do this,
it is necessary to determine whether these resources are in a liquid or solid state, since this can
significantly affect their distribution among participating countries. Unlike solid minerals, which can
be easily divided based on established borders between countries, common oil and gas resources
migrate due to their fluidity. As a result, any interested government within its territorial domain can
exploit it, which may include a significant portion of the reservoir located in a neighboring country,
without its consent.
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Figure 1 — Geographical location of (South Pars gas field) / (North Dome field) and the trend of
increasing productivity of the total South Pars field compared to Qatar

The effect of sanctions highlights the critical role of international relations between countries,
especially in allowing access to modern technologies for resource extraction. For example, countries
such as Iran, which have significant oil and gas reserves but are currently subject to sanctions by
developed countries, face restrictions on access to advanced technologies, which reduces their ability
to extract natural resources. However, many empirical studies overlook this factor, which influences
the strategic choices of both countries involved in the exploitation of shared natural resources. This
study addresses two critical questions: first, how does the distribution of common resources among
countries, whether equal or unequal, affect their strategic decision-making? Second, how does the
Nash equilibrium change if international sanctions impede one country's ability to extract resources?
Following the introduction, the study is presented in the following format. The following section
discusses the literature review in detail. In Section 3 we describe the methodology used as well as the
data used in the analysis. Next, Section 4 details the empirical results, and Section 5 provides an
overview, including a discussion of policy implications [21, 22].

Literature review. The exploitation of commonly owned natural resources by countries is an
important issue that has been addressed in several empirical studies from legal and economic
perspectives. Game theory has been applied in the literature to study various issues related to shared
oil and gas resources, including modeling, management, and conflict resolution. Game theory is a
valuable tool for identifying potential conflicts or opportunities for cooperation among stakeholders
involved in managing shared resources. This is especially true in situations where resources are shared
across multiple jurisdictions or where there is a risk of overexploitation. Using game theory, decision
makers can analyze the behavior and incentives of various participants, predict possible outcomes,
and develop strategies that promote efficient and sustainable use of resources. Ultimately, this
approach can facilitate effective collaboration and mitigate the negative environmental and social
impacts of joint resource management. Given that this study is devoted to the study of conflicts of
interest in the exploitation of oil and gas resources using game theory, this section will only review
empirical studies in which game theory has been used to study the problem of oil and gas resource
exploitation [23-27]. First, a summary of relevant studies in other countries will be given, followed
by studies of Iran's oil and gas resources (Table 1).

Table 1 — Summary of relevant studies for other countries and Iran

Reg. Authors Topical research Game type results Ref.
. . Participation of the Japanese in the
Hayashi China and Japan Non-game (political development of a joint field with [17,
@ (2012) and legal approach) . 28]
.g China.
e E
S nersy When using renewable energy
o management Fuzzy set theory . .
b5 Aplak and ) sources in industry, the
< between industry | (MCDM) and game . . [29]
3 Sogut (2013) environment develops protective
and the theory
. reflexes to preserve nature.
environment
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Reg. Authors Topical research Game type results Ref.
The optimal strategy for both
Lee et al. . . . parties: commitment to [30,
(2013) Russia and China Static game cooperation and joint development 31]
of the oil field.
. The need for cooperation between
Yang and General state Dynamic game countries in securing strategic oil [32]
Kong (2014) (Stackelberg model) & £
reserves.
Presentation of proposals to
overcome possible deadlocks in
. . negotiations between the parties [33,
Shitka (2014) General state Static game with the aim of concluding 34]
comprehensive agreements on the
integration of oil and gas fields.
The sooner a country starts
Khawas Norway-Russia Static game producing oil, the higher the [35,
(2015) . 36]
expected return on investment.
The need to regulate appropriate
Serketi and terms in contracts is due to the lack
Ventura General state Dynamic game of trust between the parties and the [37]
(2020) provision of incomplete
information
The end of cooperation between
Irsadanar and Non-game (political China and Japan in the field of
Kimura China and Japan and li al 2 proach) extraction of shared resources in [14]
(2021) galapp the East China Sea due to a lack of
trust between the parties.
Mamada and Shared fishing . Guarantees collaboration using an [38,
Perrings source for two Static game .
. entanglement mechanism. 39]
(2022) companies
Harlsmava}n Indonesia and Non-game (political- | Joint developments based on
and Visanjaya . . . . [40]
(2022) Malaysia legal approach) international experience.
Sheikh . Non-game (graphical | Negotiations are necessary to
Mohammadi Izzsr]lidm[ijrn;ttss conflict resolution resolve the dispute and both sides [41]
etal. (2011) model (GCRM)) must avoid hostilities
. Countries that rely heavily on oil
- Non-game (simulated .
Esmaili et al. Iran, Iraq and strategics for usin and gas revenues use optimal [42,
(2015) Qatar g J strategies to exploit them. Shared 43]
common fields)
Resources
Salimian and Game theory . .

. (cooperative and Partner countries should exploit
Shahbazi Iran . . N [1]
(2017) non-cooperative shared resources with less activity.

scenarios)
Legal and Relying on common agreements is
Maddahinasab philosophical aspects ymg &
- (2018) Iran of property rights and a pragtlcal way tp solve pyoblems [44]
s . associated with oil production
— sovereignty
The non-cooperation strategy was
optimal for both countries. Both
Game theory . .
. . countries adopted a policy of non-
Bayati et al. (cooperative and . 7
Iran and Qatar . cooperation in the exploitation of | [45]
(2019) non-cooperative . .
. shared resources, which resulted in
scenarios) . .
an increase in the current net worth
of both countries
Tufigi et al, Iran and Saudi Theory of games on | The .Jomt behavior of both
(2020) Arabia the general Foruzan | countries can lead to more [46]
field. effective use of the common field
Rassaf et al. Game theory (Nash The 'Unlted S'tates' was unable to
(2021) Iran equilibrium) eliminate Iranian oil exports due to [47]
several factors, such as the lack of
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Reg. Authors Topical research Game type results Ref.

full understanding between the
United States and Europe and
Iran's attempts to circumvent
sanctions.

These proposed concepts can help
Non-game (Graph | decision makers and policy makers

Bahrini et al.

Iran model of conflict gain a clearer understanding of [48]
(2021) . . . -
resolution) conflict, ensuring more optimal
outcomes
A strategy of cooperation through
N multilateral and joint development
. Optimization .
. Iran, Saudi . of a common field. In addition, all
Tufigi ctal Arabia and mathematical three countries must cooperate in [49]
(2022) modeling for the p

Kuwait managing and developing a
common gas field in a manner that

benefits everyone equally.

Arash gas field

It can be concluded that most reviews have determined that the optimal approach for parties
under comparable and balanced conditions remains the same, regardless of differences in conditions
in countries sharing reservoirs. In this study, the Nash equilibrium was studied by analyzing two
important factors. The first determining factor is “resource distribution,” which refers to the fact that
some countries have a larger share of an economic resource and, accordingly, greater power to extract
it. A second determining factor is the extent to which sanctions or comparable circumstances reduce
production opportunities, depending on their level of severity. In the modeling section, these effects
were identified and discussed to further understand their potential impact on reserve production. A
distinctive feature of this study is the examination of these effects in four different scenarios to
determine their impact on resource production in the South Pars/North Dome gas field in Iran and
Qatar.

Materials and research methods. Maximizing the interests of all stakeholders involved in
the use of a shared natural resource can be a challenging task. However, it needs to be done. To
address this problem, this study proposes a game theory-based mechanism to optimize the use of
shared natural resources. This mechanism is applicable to various scenarios related to inequality in
the distribution of resources and the ability to extract them. Economic profit functions are used to
model the results of this mechanism for all participants in the game.

Game theory. Game theory is designed to model situations in which people's interests come
into conflict and determine the best strategy for each player [1]. In static games with complete
information, each player chooses his strategy based on his own interests, without knowing the
interests of his opponent. Players choose strategies simultaneously [50]. Additionally, it is assumed
that all players understand the consequences of the game. A Nash equilibrium is a situation where no
player has any reason to change strategy.

u;(oy,0_) = u(0{,0_;) (1)

To achieve a Nash equilibrium, each player must choose a strategy that maximizes the
outcome based on his belief in his opponent's choice. The player must also understand the opponent's
strategy and coordinate their actions to achieve a Nash equilibrium. This decision process gives
players Nash equilibrium strategies [19] . Many games have a decisive element where players choose
a certain strategy over others because it leads to a better outcome. If other strategies fail, the player
will naturally choose the dominant strategy, regardless of the opponent's move. The most preferred
strategy in the game is the dominant strategy, and the rest are dominated strategies. Each player is
likely to choose their dominant strategy over others. A dominant strategy equilibrium is the dominant
strategy for all players [51]. In this exploration game, two partner countries share one resource. The
game starts with a couple of options available for each country. They can either commit to cooperation
(C) or not (D). The following defines the available strategies for two players:

S;={C,D}, i=1,2. (2)
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Below is a brief description of the strategies that have been combined between Iran and Qatar:
§=5; %S, ={(CI1.CQ),(CI,DQ), (DI,CQ),(DI.DQ)}.  (3)

The economic profit function is used to determine the outcomes for Iran and Qatar in the
allocation of common resources. The results depend on the scenarios specified in the simulation
section.

Modeling of hood power modes. To model play across different modes, it is important to
consider two assumed resource statuses between countries: equal and unequal distribution. In
addition, international sanctions are believed to be affecting Iran's production capacity. When a
country falls under sanctions, it loses access to the necessary mining capacity, which leads to an
unequal distribution of mining capacity. This study assumes that Iran is under international sanctions
and sanctions are expected to have a greater impact than the distribution of general resources. In other
words, production levels will be significantly lower when sanctions are in place. To better understand
the scenarios, in the first case it is assumed that the common resource is equally distributed between
both countries and no sanctions are imposed. In the second case, the resource is distributed unevenly,
one of the countries has an advantage, but sanctions are not imposed. The third scenario assumes a
symmetrical distribution between countries, but one of them is under sanctions, which leads to a
decrease in production capacity. Finally, the fourth scenario assumes an uneven distribution, and one
of the countries is under sanctions. It is important to note that cooperation between countries is
necessary to ensure that each of them respects its share in the extraction process in each of the four
scenarios. In all cases, each country has the opportunity to accept or not accept an obligation to
cooperate with another country (Table 2).

Table 1- Modeling of fume hood power modes

Resource Allocation
Equal (no sanctions) Unequal (sanctions)
Equal (no sanctions) Case 1 (EE) Case 2 (EU)
Unequal (sanctions) Case 3 (UE) Case 4 (UU)

Extraction power

To determine the results of different strategies in a game between countries in normal form,
it is necessary to set priorities for each player. When it comes to using a common resource, the best
outcome for each country is achieved when one party does not cooperate and the other cooperates.
On the other hand, the worst result is achieved when one country commits to cooperation and the
other does not. To populate the cells of the matrix, we use the profit function, which measures
economic profit by calculating the difference between revenue and explicit and opportunity costs. In
this context, it is assumed that a common source of oil and gas can produce (q) units during each
period, which can then be sold at a price (p). An important aspect related to extraction costs is that if
countries cooperate, the costs are (C) units. However, when there is no cooperation, there are two
types of cost structures. The first type of cost structure occurs in cases where the distribution of the
common source is uneven; the costs incurred by a country are directly proportional to its share of the
total resource. The second type of cost structure occurs in the case of sanctions, where the costs
incurred are inversely proportional to the sanction rate.

When resources are shared equally between two parties without obligations to cooperate, the
cost of extracting them will be inversely proportional to their share. This phenomenon is known as
the “share effect” and results in a production cost of two units [52—56]. However, if the resources are
distributed asymmetrically, and 75% belongs to Qatar, and the extraction conditions are ideal, for
example, the availability of land, then in the absence of cooperation the cost of extraction for each
country will be different. In particular, Qatar's production costs will be lower, while Iran's will be
higher. Therefore, if cooperation is not achieved, the cost of production for both countries will be 4
units and 1.33 units for Iran and Qatar respectively.

In addition to the share effect, the extractive capacity of countries, also known as the
“sanctions effect,” plays a decisive role in determining the cost of resource extraction. In fact, it has
a more significant impact than the share factor. To take into account the impact of sanctions, it is
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assumed that the cost of production has an inverse relationship with the sanctions factor, as does the
cost of the share. Thus, the impact of sanctions is defined as ( %). For example, if the following

scenario is considered: 0<S< 1, then the sanctions factor implies that a movement towards zero will
lead to more severe sanctions, and a movement towards a value of one will lead to less severe
sanctions. This means that when (S) equals 1, no penalty is imposed. It is assumed that the severity
of sanctions is inversely proportional to this value. Thus, as (S) approaches zero, the impact of
sanctions (or the cost of production) will increase, while moving towards one will result in a decrease
in the impact of sanctions (or the cost of production).

Research results and their discussion. Case 1: Equal resource distribution and equal mining
capacity. In the first scenario, we assume that the resources between the two countries are equally
distributed and that their ability to extract resources is also the same. This results in a specific game
matrix as shown in Table 3. The state (CI, CQ) assumes that both countries cooperate with each other.
This means that resources are distributed equally, half of its resources are missing, and the country
pays exactly for the number of resources that it has extracted. The cost of extracting these resources
is the same for both countries, which is the unit cost. In the state (CI, DQ) Iran is ready to cooperate
with Qatar, but Qatar does not want to. Qatar plans to extract more than half («> 0.5) of the resources.
The production cost for Qatar will be inversely proportional to the amount of resources halved and
will be equal to 2 units. On the other hand, Iran will produce less than half (1-a) of the resources.
Thanks to the cooperation agreement, their production costs will remain at the level of one unit.
Alternatively, in the (DI, CQ) state, Qatar is committed to cooperation but Iran is not. Iran plans to
extract more than half («> 0.5) of the resources, and the cost of their extraction will be equal to 2
units. The condition (DI, DQ), also known as non-cooperation, occurs when both countries decide
not to coordinate their policies. As a result, each country extracts half the resources, and since they
both choose not to cooperate, their extraction costs are equal to 2 units (the reciprocal of the resource
share). Although both countries are not subject to sanctions and resources are distributed evenly, they
produce and sell the same number of resources. However, the output is reduced by A1 units compared
to what they would have received if they had cooperated due to the additional costs each country
bears. This is because they fear that another country will extract resources faster than them. If they
cooperated, they could extract the same amount of resources at a lower cost. Table 3 presents the
players' optimal strategies and the Nash equilibrium. In this game, the strategy of both countries is
not to cooperate because it is more profitable than to cooperate. This means that no matter what the
other player chooses, each country will choose not to commit because it will lead to a better outcome.
According to the results, a Nash equilibrium is achieved when both countries decide not to commit.
As already stated, neither player has any motivation to deviate from this result.

Table 3 — Nash equilibrium under equal resource allocation and equal extraction capacity

Case 1 c Qatar (Q) o
q q q q
C P53 P75 A1-a)gp—-(A-a)q, aqp—2aq
Iran (I)
q q q q
D aqp — 2aq,(1 —a)qp — (1 —a)q EP_ZE_Al' Ep_zz_Al

Case 2: Unequal distribution and equal extraction power. If we assume that resources are not
equally distributed between the two countries and that they have equal opportunities to extract them
without any sanctions, then the resulting game matrix is presented in Table 4. In state (CI, CQ), both
countries agreed to cooperate with each other. This means that despite the uneven distribution of
resources, neither country is currently under sanctions, they can both extract the resources they need
based on their fair share. Since they cooperate, the cost of production is equal for both countries and
is 1 unit. Thus, Iran can extract 25% of its resources, and Qatar - up to 75% of its resources. Condition
(CL, DQ) is a situation where Iran intends to cooperate and Qatar refuses to participate. In this
situation, Qatar seeks to extract the majority of the resource (more than 75% or y > 0.75) but incurs
a production cost of 1.33 units, which decreases as the amount of resource extracted increases. On
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the other hand, Iran receives less than 25% (1- y) of the resource, but its production costs remain
constant at one unit due to the cooperative policy. According to the state (DI, CQ), Qatar agrees to
cooperate, but Iran does not. As a result, Iran intends to take the majority of the resource, more than
25%, which is reflected in a  value greater than 0.25. In addition, it is noted that the cost of extracting
the resource for Iran is 4 units. On the other hand, Qatar will receive less than 75% share of the
resource (calculated as 1-B), but since they have a cooperative policy, their extraction costs will
remain at a low level of 1 unit. In the (DI, DQ) state, countries simultaneously extract resources and
do not cooperate with each other. As a result, Iran incurs higher production costs than Qatar. Both
countries incur additional costs because each fear that the other will extract resources at a faster pace.
If countries cooperated, they could extract the same resources at a lower cost, but each would incur
additional costs by not cooperating. For Iran, these costs are lower because it has slightly fewer
resources than Qatar (A2<A1). The Nash equilibrium of the game is presented in Table 4. The most
efficient approach for both countries is not to cooperate with each other. This means that regardless
of the actions taken by the other country, the best course of action for both parties are to not cooperate.
The results show that the Nash equilibrium and the outcome of the game are achieved when both
players choose this tactic, and therefore both countries end up choosing strategy D.

Table 2— Nash equilibrium for unequal distribution and equal extraction power

Case 2 C Qatar (Q) D
1 1 3 3
C —qp——=q,—qp ——q 1 -y)gp— (1 —vy)q,yqp — 1.33yq
Iran (I) 4 474 4
1 1 3 3
D Bap —4Bq, (1 —B)ap — (1 - Bq 2P —7 a4z, 7qp —7(1.33)g - A,

Case 3: Equal distribution of resources and unequal mining opportunities. The third scenario
assumes an equal distribution of resources between the two countries, but their ability to extract
these resources differs due to sanctions imposed on Iran. As already mentioned, the cost of resource
extraction depends on two key factors: the share of resources and the ability to extract them (in this
case, under the influence of sanctions). The ability to extract resources has a greater impact than the
share of resources. Therefore, Table 5 presents the game matrix for this scenario.

Table 5 — Nash equilibrium under equal resource allocation and unequal extraction capacity

Case 3 C Qatar (Q) D
q 1q q q S S ( S) ( S)
C ,_-1 1,1 Tagp— = _- _ _-
Sop=355. P75 5P~ 54, 1 5)ap 2|1 2)4
Iran (I) 1 q q S 21 A (1 S 2 (1 S 4
D asp-2asq, G-t zw-2ze-a(i-g)e-2(1-3)a-a
S 2 2 >

The condition (CI, CQ) indicates that both countries have committed to cooperate with each
other. The distribution of resources is equal, but one of the countries is under sanctions. Each country
strives to extract 50% of the resources and pays the cost of the extracted resources. Since there is
cooperation, the extraction costs are the same for both countries. However, due to sanctions, Iran
cannot extract its fair share of resources. Therefore, it is expected that if sanctions are imposed, Iran
may receive even less than its fair share of resources. In this scenario, Qatar will continue to extract
its 50 percent share of resources while remaining committed to cooperation. If sanctions are not
imposed (S = 1), both countries will have equal production opportunities. However, if (S = 0), Iran
will still be able to produce fewer resources at a higher price. In state (CI, CQ), only Iran undertakes
cooperation obligations. In such a situation, Qatar will most likely be able to extract more than half
of the resources, given the severity of sanctions imposed on Iran. The severity of the sanctions directly
affects how much Qatar will produce. If sanctions against Iran are strict (S—0), then Qatar will

produce more resources ((1 — g) — 1). If sanctions are not imposed (S = 1), then both countries will

produce the same amount of resources. Since Iran has committed to cooperation, it spends as much
as its share of the production. Qatar, on the other hand, is spending twice as much because it has not
committed to cooperation. The coefficient "2" represents the equity effect when resources are shared
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equally between two countries, resulting in each country's production share being half of the total
resources. In a scenario in which Qatar adopts a cooperative approach (strategy C), and Iran does not
(strategy D), Iran seeks to obtain more than 50% of the available resources (represented by a > 0.5).
However, due to sanctions, its actual share will be (aS). In addition, due to non-compliance with the

: . . . . 1
terms of cooperation and influence sanctions, the cost of production for Iran will be equal to 2a 5

This is because Iran is not committed to cooperation and therefore incurs a penalty. Conversely,
Qatar, being committed to cooperation, is entitled to 50% of the resources and will only incur 1 unit
of production cost for each resource token. note that Qatar's commitment to cooperation limits
resource extraction to 50%, while Iran cannot even reach its 50% share. State (D1, Dq) involves both
countries refusing to cooperate, resulting in each trying to take more than half of the resources for
yourself. However, in this scenario, Qatar expects Iran to be punished. Therefore, Qatar aims to
extract more than 75% of the resource to compensate for the penalty, which becomes increasingly

S
severe as (S) approaches zero. Qatar's share of resources can be represented as follows (1 — E)'
However, due to the distribution of resources, the cost of production for Qatar will also double. In
contrast, Iran's share and production cost will be equal gto and 2%, respectively. The strategy

2

envisions a scenario in which Iran is currently under sanctions and has a symmetrical resource
allocation with Qatar. In a particular situation, if A 3 units of Iran's results and A | units of Qatar's
results are obtained, this may result in additional costs. This is because Iran fears that Qatar will
extract resources faster. However, if both countries come to a mutual cooperation agreement, they
will be able to extract the same amount of resources without additional costs. Due to sanctions, Iran
produces fewer resources than Qatar, resulting in lower output (where A3z < A> < Ay). Table 5
illustrates the Nash equilibrium of the game. Unlike Examples 1 and 2, in this case Iran's dominant
strategy is cooperation, while Qatar's is non-cooperation. Therefore, regardless of Qatar's choice, Iran
will always choose cooperation, while Qatar will choose non-cooperation because it has a higher
payoff. The reason for Qatar's dominant strategy is obvious: its decision is influenced by the sanctions
imposed on Iran. On the other hand, Iran's dominant strategy is cooperation, since sanctions will lead
to a significant increase in production costs. Therefore, it is in Iran's interests to remain cooperative.
It is worth noting that these results are consistent with the results of the study by Tufighi et al. [46] ,
in which the Nash equilibrium is of the form (CI, DQ).

Case 4: Unequal distribution of resources and unequal opportunities to extract them. In the
latter case, we assume that resources are unevenly distributed, with a larger share going to Qatar.
Additionally, both countries have different levels of extractive capacity, with Iran under sanctions. It
is important to note that the cost of production depends on two important factors: the share of
resources, or the “share effect,” and the capacity of production, or the “sanction effect.” The last
factor is much stronger than the first. Therefore, we can use Table 6 to depict the game matrix given
these circumstances. The status (CI, CQ) indicates that both countries have agreed to cooperate with
each other. However, in this scenario there is an uneven distribution of resources, a large share of
which goes to Qatar. In addition, Iran is under sanctions, which prevents it from extracting its entire
share. Therefore, the two countries intend to cooperate in the extraction of resources by paying the
cost of extraction (which is 1 unit). Iran's share of the resource is 25%, but due to sanctions it can
only extract a fraction of that share. It is important to note that the effect of sanctions is more
significant than the distribution of shares. As a result, Iran's resource extraction capabilities are

expected to be further constrained, leading to a decline in the recovery rate ( %S). Despite restrictions

from Iran, Qatar remains committed to cooperation and continues to extract its share of resources
(75%). State (CI, DQ) implies Iran's commitment to cooperation, while Qatar abstains from it. As a
result, Qatar is trying to extract more than 75% of the resources, since it has a large share and is aware
of the sanctions against Iran. The extent of recovery depends on the severity of sanctions imposed on

s . .
Iran. The dependence ( 1 — EY) shows that the stricter the sanctions, the greater the amount of
resources (more than 75%) Qatar will extract; the inverse relationship is also true. Thus, if sanctions
against Iran intensify, its share of resource production will be inferior to the indicator in example 3.
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In particular, Iran's share in this situation will be gywhile in example 3 it will be ; Since v is

numerically less than 1, Iran's share will be significantly smaller. Additionally, Iran spends an amount
equal to its share of production due to a commitment to cooperate, while Qatar spends 1.33 times its
share of production because it is not committed to cooperation.

Condition (DI, CQ) describes a scenario in which Qatar agrees to cooperate but Iran does not.
As aresult, Iran usually receives a large share of the resources, more than 25%. However, due to the
imposition of sanctions, the share of production is reduced to (BS), and the cost of production

increases to ( 40 %) due to non-cooperation and the effect of sanctions. On the other hand, Qatar

commits to cooperation, resulting in a share of 75% of the resources, while the extraction costs remain
at 1 unit each. Despite Qatar's commitments, it does not extract more than 75% of its resources.
Conversely, Iran produces less than its 25% share.

When both countries choose the non-cooperative mode (DI, DQ), their goal is to extract more
resources than their fair share. However, Qatar intends to extract more than 75% of all available
resources. This means that an increase in sanctions, indicated by a lower value of S, will lead to an

increase in the share of resources withdrawn by Qatar, which can be calculated as ( 1 — gy). As a
result of this uneven distribution, Qatar faces higher resource extraction costs - 1.33 times higher than
Iran. The share of production and production costs for Iran due to sanctions are gyand

4 —respectively, which are equal. Due to economic sanctions and uneven distribution of resources,
P14
2

additional costs may arise for Iran per unit of production A 4 and Qatar per unit of production Aj;.

Qatar is at greater risk of rapidly running out of resources, while Iran is limited by lower production
rates due to the factors mentioned earlier. This entails a decrease in the level of production in the
sequence A4, Az, Az, A1. Table 6 shows the Nash equilibrium of the game. In the fourth case, it is in
Iran's interest to cooperate, while Qatar still chooses not to cooperate. This means that regardless of
Qatar's choice, Iran will cooperate and Qatar will not. The imposition of harsh sanctions and the
allocation of limited resources will effectively reduce production rates while increasing production
costs. This desire for cooperation is beneficial to the country. It is worth noting that these findings
are consistent with those of Tufighi et al. [46].

Table 6 — Nash equilibrium under unequal resource allocation and unequal extraction capacity

Qatar (Q)
Case 4 C D
1 11 3 3 S S S S
C ;SQP—;gq.ZQP—;q E)’CIP—E}/q,<1—§y)qp—1.33(1—51/)51
Iran (I) 1 3 3 S 1

S S
D ﬁqu—4BEq,qu—Zq Eyqp—4§q—A4.(1—5V)qp—1-33(1—§V)q—A1

Application of the obtained results to the common gas fields of Iran and Qatar. This study
analyzes the application of the Nash equilibrium to natural gas fields jointly owned by Iran and Qatar,
namely the South Pars/North Dome field, in which Iran owns 25% and Qatar owns 75%. The unstable
political situation in Iran means that it is periodically subject to sanctions. As a result, two scenarios
are analyzed based on the behavior of Iran and Qatar. In the second case, when Iran is not under
sanctions, the dominant strategy of both Iran and Qatar is non-cooperation. Therefore, the Nash
equilibrium has the form (DI, DQ). Conversely, in the fourth case, when Iran is under sanctions, its
dominant strategy changes to a commitment to cooperation; however, due to Iran's limited resources,
Qatar's strategy becomes one of non-cooperation. In this case, the Nash equilibrium has the form (CI,

DQ).
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Conclusion. The Persian Gulf region is considered the world's premier energy hub due to its

geo-economic importance and the presence of approximately 48% and 40% of the world's oil and gas
reserves, respectively. Following the oil shocks of the 1970s, experts began to focus on more efficient
ways to use oil and gas resources. Although Iran has a significant share of total oil and gas reserves -
approximately 9% and 17% respectively - its ability to extract these resources has been significantly
weakened by international sanctions. Because of these sanctions, Iran cannot continuously extract its
25% from the South Pars/North Dome field. This study aims to help policymakers and managers
understand the situation and identify policy options. Conflicts of interest often arise when countries
share resources and each uses different strategies to achieve its goals. This question was explored in
four separate cases using a static game design with complete information: In the first case, resources
were assumed to be distributed evenly between countries and no country was under sanctions. The
second case assumes an unequal distribution of resources between countries, while no country is
subject to sanctions. The third case assumes an equal distribution of resources, with one country
benefiting from sanctions, and the last case assumes an unequal distribution of resources, with one
country being sanctioned.
The results indicate that in the first two cases, both countries are unlikely to cooperate, regardless of
the choice of the other side. Similarly, in the third and fourth cases, the sanctioned country benefits
from committing to cooperation while the other country chooses not to cooperate. Whether or not to
cooperate in extracting shared resources depends on each country's extraction capabilities, and the
allocation of resources does not affect the Nash equilibrium. As a result, the unequal distribution of
the gas field between Iran and Qatar, coupled with Iranian sanctions, has led to significant
consequences. Iran's decline in gas production has forced it to cooperate with Qatar, while Qatar
chooses not to cooperate. This puts Iran at a disadvantage in managing shared resources under
sanctions. When Iran is not under sanctions, the dominant strategy for both Iran and Qatar is non-
cooperation (DI, DQ). However, choosing the cooperation state (CI, CQ) may lead to better results
for both countries. Therefore, it is recommended that Iran and Qatar pursue a cooperative strategy to
achieve a more favorable outcome. In the fourth case, when Iran faces sanctions and has a smaller
share of resources, non-cooperation may lead to higher production costs. It is therefore critical to
encourage Iran to commit to cooperation to achieve better results. To achieve this goal, policymakers
should prioritize finding diplomatic solutions to ease or lift sanctions. This may include negotiations
with relevant international bodies or countries responsible for imposing sanctions. Additionally,
policymakers should explore alternative ways for countries to cooperate so that both sides benefit
from the extraction of shared resources. For example, this may entail joint ventures or resource-
sharing agreements subject to sanctions restrictions. In addition, policymakers should explore options
to mitigate the impact of sanctions on the extractive potential of a sanctioned country. This could
include investing in advanced technology or providing financial incentives to develop more efficient
mining methods.
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