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Abstract
Objective: This study investigates how the strength of risk-averting and gamble-intending dilemmas can 
affect the risk-dominant equilibrium in chicken and stag-hunt games. The focus is on deriving conditions 
under which the risk-dominant equilibrium can maximize group benefit.

Methods: Basic concepts of game theory were used to determine the Nash equilibria of each game.The 
Harsanyi-Selten theory was applied to determine the risk-dominant equilibrium. By manipulating the 
parameters related to risk-averting and gamble-intending dilemmas, different game scenarios are sim-
ulated to observe the resulting equilibria.

Results: The study found that for a given strength of the risk-averting dilemma, the risk-dominant 
equilibrium in the chicken game continuously shifts towards mutual cooperation as the strength of the 
gamble-intending dilemma decreases. In the SH game, the degree of cooperation of the risk-dominant 
equilibrium for a given strength of the gamble-intending dilemma decreases with increasing strength of 
the risk-averting dilemma and takes the discrete values: 1, 0.5 and 0. The results show the importance of 
understanding individual risk preferences to predict strategic decisions and equilibrium outcomes in these 
game settings.

Conclusion: The risk-dominant equilibrium in chicken and stag-hunt games depends on the relative strength 
of the risk-averting and gamble-intending dilemmas. By taking these factors into account, researchers and 
policy makers can better predict the likely outcomes of strategic interactions in scenarios with conflicting 
interests and different risk tolerances. The risk-dominant equilibrium can provide reasonable solutions to 
real-world conflict situations, such as the Iran-Iraq conflict over shared oil and gas resources.

Keywords: risk-dominant equilibrium, chicken game, stag-hunt game, multiple nash equilibria, Iran-Iraq 
conflict, risk-averting dilemma, gamble-intending dilemma
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1 INTRODUCTION
Game theory was originally formulated by von Neumann 

and Morgnestern[1] to mathematically model the behavior of 
rational agents in conflict situations. Since then, the applications 
of game theory have expanded to many other areas[2-10]. In a 
non-cooperative game, agents cannot communicate to reach 
agreements. Nash equilibrium (NE)[11] is a fundamental 
solution concept in game theory. It predicts a combination 
of actions that maximizes the agents’ individual payoffs. 
If the agents would lose if they unilaterally changed their 
actions, then this combination of actions is called a strict NE. 
Many games and also many real-life situations of industrial 
organization and international trade have multiple NEs. 
Therefore, the choice of a unique equilibrium is important.

The pairwise nature is the basic pattern of interaction. 
Moreover, in many conflict situations there are only two 
possible actions. Therefore, the two-player, two-strategy (2×2) 
games are of particular importance. A rescaled formulation 
of 2×2 symmetric games is introduced by defining two 
universal dilemma strength parameters, namely the risk-
averting dilemma and the gamble-intending dilemma[12-14]. 
Depending on the dilemma strength parameters, a 2×2 
symmetric game is categorized into the following classes: 
trivial (T) (no dilemma), stag-hunt (SH)[15] (only risk-
averting dilemma), chicken (CH)[16] (only gamble-intending 
dilemma), prisoner’s dilemma (PD)[17] (both risk-averting and 
gamble-intending dilemmas). The T game is characterized 
by a unique optimal NE, while the PD game is characterized 
by a unique non-optimal NE. The SH game is characterized 
by two symmetric NEs, while the CH game is characterized 
by two asymmetric NEs. In both SH and CH games, players 
face the dilemma of choosing a unique NE in addition to the 
original dilemma. The study of these social dilemmas is of 
great importance for various economic aspects[18-21] and is the 
subject of intensive research[3,22-25].

Pareto-efficient equilibrium is an important concept in 
game theory. At a Pareto-efficient equilibrium, the outcome 
is such that no unilateral change can lead to an improvement 
in one player’s payoff without reducing the payoff of the 
other player. In the CH game, a Pareto-efficient equilibrium 
usually results in both players taking risky actions, leading to 
a suboptimal outcome where both players can suffer a large 
loss. In a Pareto-efficient equilibrium in the SH game, both 
players are able to achieve a mutually beneficial outcome 
through cooperation, but both players are always worried 
that the opponent may deviate from the Pareto-efficient 
equilibrium. Pareto efficiency also has some fundamental 
limitations, for example, it does not take into account fairness 
in the distribution of payoffs between players.

Correlated equilibria[26,27] allow players to coordinate their 
strategies through external signals or recommendations in 
order to achieve mutual benefit. A correlated equilibrium 
can be defined as a probability distribution over joint 

actions that maximizes each player’s expected payoff. 
In an experimental study[28], it was found that even when 
recommendations were only followed 70−75% of the time, 
they still had a significant impact on the distribution of 
outcomes. However, the use of correlated equilibria also 
has some disadvantages. First, correlated equilibria rely 
on external signals or correlations that may not always 
be available in real-world scenarios. Second, correlated 
equilibria can be risky if a player deviates from them.

Game theory has been used in several studies to analyze 
conflicts over shared resources[4], as it captures the strategic 
dynamics of decision-making. Game theory models allow 
for the consideration of cooperative and competitive 
behaviors and can provide insights into strategic decision-
making and possible solutions. Madani[7], for example, has 
used CH, SH and PD games to analyze conflicts over water 
resources and has shown that these models can be useful in 
planning and policy making. Esmaeili et al.[9] and Araujo 
and Leoneti[10] have proposed a practical application of 2×2 
games to analyze some conflicts in the oil and gas industry. 
They have shown that theoretical game models can improve 
decision-making processes in this area. The Iran-Iraq conflict 
over shared natural resources is an important example of 
such conflicts. It escalated into a military confrontation 
in the 1980s and lasted for eight years. This war led to 
considerable damage to the economy and infrastructure 
of both countries. Developing convincing solutions to the 
dilemmas of theoretical games can suggest solutions to 
many conflict situations in the real world.

Equilibrium selection in game theory is a crucial concept 
in analyzing strategic interactions between rational decision-
makers. Focal point selection[29,30] is an approach to select 
a unique equilibrium. This approach is based on the idea 
that certain equilibria are more salient or natural for the 
players due to shared knowledge or expectations. Players 
may converge to a particular equilibrium simply because 
it stands out as a focal point. Focal point selection can 
identify a unique equilibrium even in the absence of clear 
dominance criteria. This method takes into account the 
common expectations of the players and the natural focal 
points, making it intuitive and easy to understand. However, 
it relies heavily on subjective assumptions and may not 
always lead to socially optimal outcomes.

Harsanyi and Selten[31] have introduced an algorithm for 
selecting a unique equilibrium in each 2×2 game with two 
strict pure equilibria. This theory gives absolute priority to the 
payoff-dominance criterion. If the payoff-dominance criterion 
is not satisfied, a risk-dominant equilibrium is selected based 
on a comparison of Nash products. Some researchers[32,33] 
have presented computational implementations of the 
Harsanyi-Selten algorithm. The Harsanyi-Selten approach 
and its computational implementations always fail in the 
case of games with more than two players. Recently, Cao 
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and Dang[34] presented an alternative approach for n-player 
games.

Zhang and Hofbauer[35] introduced quantal response 
equilibrium as a method for equilibrium selection in 
2×2 coordination games. Their approach is based on the 
Nash product criterion and the limiting quantal response 
equilibrium. However, there are some limitations, such as 
the inconsistency of the priorities with the risk-dominant 
strategies in equilibrium selection processes. Moreover, 
small changes in these parameters can potentially alter the 
equilibrium outcomes selected by the quantal response 
equilibrium.

In non-cooperative games, one player does not know how 
the other player will play. Players would then choose the 
safer equilibrium rather than the more profitable one. Some 
studies[36,37] have shown that the risk-dominant equilibria are 
more common in evolutionary processes. Lee et al.[38] have 
shown that selection of the risk-dominant NE is robust under 
state-dependent mutation in local interaction games. The 
risk-dominant equilibrium is also supported by experimental 
results[39,40]. The risk-dominant equilibrium has many 
other advantages. It is invariant to player and strategy re-
naming and to changes in payoffs that preserve the structure 
of the best-reply correspondence. Despite the intensive 
theoretical[41-44] and experimental[45,46] research on the risk-
dominant equilibrium, there are no studies on the effects of 
dilemma strength parameters.

Our aim is to study the risk-dominant equilibrium in 
both SH and CH games. We consider a general formulation 
of 2×2 symmetric games with variable risk-averting and 
gamble-intending dilemmas. We analyze the efects of both 
risk-averting and gamble-intending dilemmas with respect to 
the risk-dominant equilibrium. We derive conditions under 
which the risk-dominant equilibrium solves both the SH and 
CH dilemmas. Finally, we apply our findings to two models 
of the Iran-Iraq conflict over shared oil and gas resources[9].

The remainder of this article is organized as follows. 
Section 2 defines a general 2×2 symmetric game with two 
dilemma strength parameters. The Harsanyi-Selten theory 
is briefly explained in Section 3. In Section 4, we study the 
risk-dominant equilibrium in both SH and CH games. The 
influence of risk-averting and gamble-intending dilemmas 
is emphasized. Section 5 is devoted to the application of the 
risk-dominant equilibrium to models of the Iran-Iraq conflict 
over shared oil and gas resources. Some conclusions are 
given in Section 6.

2 GENERAL 2×2 SYMMETRIC GAME
A general 2×2 symmetric game consists of two players 

A and B, and two pure actions: either to cooperate (C) or to 
defect (D). Let the payoffs for the reward, sucker, temptation 
and punishment be R, S, T and P, respectively. The payoff 
matrix is shown in Table 1. Depending on the order of the 
values of the payoff elements, R, S, T and P, different social 
dilemmas arise.

Tanimito et al.[12-14] have introduced two universal scaling 
parameters for the strength of the dilemma: Dr=P-S for the 
risk-averting dilemma and Dg=T-R for the gamble-intending 
dilemma. The rescaled payoff matrix is shown in Table 2. A 
positive Dr encourages a player to avoid losing by defecting 
when the opponent defects. A positive Dg encourages a 
player to increase profit by defecting when the opponent 
cooperates. Depending on the values of Dg and Dr, general 
2×2 symmetric game is divided into four classes: T, SH[15], 
CH[16], and PD[17]. The four classes and the corresponding 
pure NEs are listed in Table 3.

It is important to identify the conditions that promote 
cooperative behavior in SH, CH and PD games. As can be 
seen in Table 3, players in the CH and SH classes face the 
additional dilemma of choosing a unique NE from the two 
possible ones. In a mixed-strategy game, the expected payoff 
functions are given in Equations (1) and (2).

and

where p (q) is the degree of cooperation of the strategy of 
player A (B). In equilibrium  =0.The group benefit is 
$G(p, q)=$A(p, q)+$B(p, q).

Table 1. Payoff Matrix of a General 2×2 Symmetric Game

B: C B: D

A: C (R, R) (S, T)

A: D (T, S) (P, P)

Table 2. Rescaled Payoff Matrix of a General 2×2 
Symmetric Game With the Two Universal Scaling 
Dilemma Strength Parameters, Dg and Dr

B: C B: D

A: C (R, R) (P-Dr, R+Dg)

A: D (R+Dg, P-Dr) (P, P)

Table 3. Classes of the General 2×2 Symmetric Game 
According to the Dilemma Strength Parameters, Dg 
and Dr, and the Corresponding Pure NEs

Class Dilemma Parameters NE

T Dg<0, Dr<0 (C, C)

SH Dg<0, Dr>0 (D, D)
(C, C)

CH Dg>0, Dr<0 (D, C)
(C, D)

PD Dg>0, Dr>0 (D, D)



Innovation Forever Publishing Group Limited 4/9 Mod Econ Manag 2024; 3: 8

https://doi.org/10.53964/mem.2024008

Table 4. Payoff Matrix of a 2×2 Game with Two 
Strict NEs: (UA, UB) and (VA, VB)

B: UB B: VB

A: UA (a11, b11) (a12, b12)

A: VA (a21, b21) (a22, b22)

3 THE HARASANYI-SELTEN THEORY
To illustrate the Harsanyi-Selten theory[31], consider a 

2×2 game with two strict NEs as described in Table 4. The 
loss of player A when deviating from the strict NEs, (UA, 
UB) and (VA, VB), while player B does not deviate, are a11-a21 
and a22-a12, respectively. The corresponding loss of player B 
are b11-b12 and b22-b21. Depending on the best-reply structure 
of the game, there is a third mixed-strategy equilibrium 
point, (p*, q*), such that:

Harsanyi and Selten[31] have introduced the following 
criteria:

(1) The payoff-dominance criterion: The NE that gives 
both players the highest payoffs should be selected.

(2) The risk-dominance criterion: If the payoff-
dominance criterion is not satisfied, then the risk-dominant 
equilibrium should be chosen. The risk-dominant 
equilibrium is:

If the strict NEs lie on the other diagonal of the payoff 
matrix, i.e., (UA, VB) and (VA, UB), then the risk-dominant 
equilibrium is:

where

The Harsanyi-Selten theory[31] gives absolute priority to 
the criterion of payoff-dominance. However, we propose to 
give absolute priority to the risk-dominance criterion for the 
following reasons.

(1) Many studies[36-40] support the risk-dominant 
equilibrium.

(2) In non-cooperative games, agreements cannot be 
reached.

(3) It leads to risk-averse decisions. In real conflicts, 
averting risks often takes precedence over achieving benefits.

Therefore, players are more likely to choose the risk-
dominant equilibrium. On the other hand, there is the limitation 
that the risk-dominant equilibrium may overlook the potential 

for higher payoffs. In the next section, we examine the risk-
dominant equilibrium in both CH and SH games. We also 
establish the conditions under which the risk-dominant 
equilibrium becomes Pareto-efficient.

4 RISK-DOMINANT EQUILIBRIUM
Let us now apply the risk-dominant equilibrium to the two 

classes CH and SH and examine the effects of Dr and Dg.

4.1 The CH Class
In the CH game, Dg>0 and Dr<0, then we only have 

the gamble-intending dilemma. As can be seen in Table 3, 
players are faced with the dilemma of choosing one of the 
two unfair NEs: (D, C) and (C, D). In both equilibria, the 
D-player’s payoff is greater than the C-player’s payoff, then 
the D strategy would attract both players. In this case, each 
player receives the worst payoff, P. To determine the risk-
dominant equilibrium, the Nash products are calculated as 
follows:

Therefore, the risk-dominant equilibrium of the CH class is 
the mixed-strategy equilibrium . This equilibrium 
point corresponds to simultaneous cooperation with degree 
p*=q*=  and defection with degree . Such 
equilibrium points have attracted much interest in modeling 
decision-making during the COVID-19 pandemic[5,6]. The 
degree of cooperation, p*, depends only on Dr and Dg. An 
illustration can be found in Figure 1. For a given Dg, p

* 
increases with increasing |Dr|. This increase is greater for lower 
values of Dg and vice versa. In the limit |Dr|≫Dg, the gamble-
intending dilemma can be neglected. Consequently, the risk-
dominant equilib- rium approaches (C, C), and the expected 
payoffs approach the optimal payoffs (R, R), similar to the T 
game. In this limit, the risk-dominant equilibrium solves the 
CH dilemma. On the other hand, the degree of defection, 1-p*, 

Figure 1. Illustration of the degree of cooperation of the 
risk-dominant equilibrium p* of a CH game as a function of 
the dilemma strength parameters Dr and Dg. It is clear that 
p* increases as |Dr| increases and decreases as Dg increases. 
Moreover, p∗ approaches 1 (0) when |Dr|≫Dg (|Dr|≪Dg).
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increases with increasing Dg, while |Dr| remains constant. 
This increase is greater at lower values of |Dr|, and vice 
versa. If |Dr|≪Dg, the risk-dominant equilibrium goes to (D, 
D) with the worst expected payoffs (P, P) similar to the PD 
game. If |Dr|=Dg, the risk-dominant equilibrium is ( ). In 
this case, players choose their strategies randomly and each 
player’s expected payoff is the average of the payoff matrix. 
This behavior is consistent with the behavior of players in 
some limits of evolutionary[25] and quantum[47-50] games.

Using Equations (1) and (2), the expected payoff functions 
of the risk-dominant equilibrium are given in Equation (8).

In Figure 2, we set arbitrary values for the payoff elements, 
R=3 and P=1 and investigate the influence of Dr and Dg. For 
a constant |Dr|, an increase in Dg leads to a decrease in , 
as p* decreases. For a given Dg, an increase in |Dr| leads to 
an increase in  as p* increases. The group benefit due 
to the risk-dominant equilibrium is , while 
the group benefit due to (D, C) or (C, D) is $G(D, C)=$G(C, 
D)=R+Dg+P-Dr. It is clear that $G(p*, q*)>$G(D, C) if |Dr|>Dg 
and R-P> . In this case, the risk-dominant equilibrium 
improves the group benefit of the CH game.

As a measure of the risk associated with each equilibrium, 
we calculate the maximum loss incurred if one player 
chooses the equilibrium strategy while the other player 
deviates from it. For the equilibrium point (D, C), if player A 
decides to defect while player B deviates from cooperation, 
the expected payoff functions become:

and

$A(D, q) is an increasing function of q. Its minimum value 
is P when player B defects. The maximum value of $A(D, 
q) is R+Dg that is reached if player B cooperates. The 

Figure 2. The expected payoff functions of the risk-dominant 
equilibrium of the CH game, . The influence of the dilemma 
strength parameters Dr and Dg is examined at constant pay-off 
elements, R=3 and P=1. Like p*,  increases with increasing 
|Dr| and decreases with increasing Dg.

maximum loss of player A, △max(D, C), due to player B’s 
deviation from cooperation is:

For the risk-dominant equilibrium (p*, q*), if player A 
chooses the risk-dominant equilibrium strategy while player 
B deviates from it, the expected payoff functions become:

and

From the characteristics of the CH game, it follows that 
$A(p*, q) is an increasing function of q. Its minimum value 
is P+ , which is reached when player B defects. If 
player B cooperates, the maximum value of $A(p*, q), R+ 

 is reached. Player B’s expected payoff, $B(p*, q), 
is independent of his/her choice, q. It equals the expected 
payoff of the risk-dominant equilibrium. The maximum 
loss of player A, △max(p

*, q*), due to the deviation of 
player B from the risk-dominant strategy is:

At constant Dg, △max(p
*, q*) first increases when Dr 

decreases, then decreases and goes to zero when Dr goes to 
P-R-Dg. This happens when T-S is too small. At constant 
Dr, △max(p

*, q*) decreases when Dg increases until it stabilizes 
at the value -Dr when Dg is very large. The risk associated 
with (p*, q*) can be neglected if Dg≫|Dr|. A comparison 
of Equations (11) and (14) clearly shows that △max(p

*, 
q*)<△max(D, C). This ensures that the risk associated with 
(p*, q*) is lower than that associated with (D, C). Due to the 
symmetry of the game, the equilibrium (C, D) is also similar.

Let us take a numerical example. Let R=5, P=1, Dr=-1 and 
Dg=0.5. The risk-dominant equilibrium is the mixed-strategy 
equilibrium( ). Equation (8) shows that the expected 
payoff for each player is 4. The group benefit is 8, which is 
greater than the group benefit resulting from either (D, C) or 
(C, D), namely 7.5. If player A chooses the risk-dominant 
equilibrium strategy and player B deviates from it, then

and

Then $A(p*, q) is an increasing function in the range from  
to , while $B(p*, q) equals 4 (the expected payoff of the risk-
dominant equilibrium). For each of the equilibria, (p*, q*) and 
(D, C), we calculate the maximum loss of player A due to the 
deviation of player B.

2
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Then the risk associated with (p*, q*) is less than the 
risk associated with (D, C).

4.2 The SH Class
In the SH game, Dg<0 and Dr>0, which represents only a 

risk-averting dilemma. This game has two pure NEs: (C, C) 
and (D, D). The equilibrium (C, C) guarantees the optimal 
payoff for each player. However, each player is very 
worried that the opponent might switch to the D strategy. 
On the other hand, the payoffs of the other equilibrium, (D, 
D), are the worst for both players. Now we determine the 
risk-dominant equilibrium. The Nash products become:

Therefore, the risk-dominant equilibrium of the SH class 
is (C, C) if |Dg|>Dr, (D, D) if |Dg|<Dr or ( ) if |Dg|=Dr. The 
different cases of the risk-dominant equilibrium and the 
corresponding expected payoffs are summarized in Table 5.

If the loss a player would suffer by defecting if the opponent 
cooperates is greater than the loss a player can avoid by 
defecting if the opponent defects (|Dg|>Dr), then the risk-
dominant equilibrium is (C, C). In this case, the risk-dominant 
equilibrium solves the SH dilemma. If player A chooses 
to cooperate while player B deviates from cooperation, the 
expected payoff functions become:

and

Both $A(C, q) and $B(C, q) are increasing functions of 
q, such that P-Dr≤$A(C, q)≤R, and R+Dg≤$B(C, q)≤R. The 
maximum loss of player A, △max(C, C), resulting from the 
deviation of player B from cooperation is:

Conversely, if the loss from defecting when the opponent 

Table 5. Different Cases of the Risk-dominant 
Equilibrium of the SH Class and the Corresponding 
Expected Payoffs

Condition Equilibrium Expected Payoffs

|Dg|>Dr (C, C) (R, R)

|Dg|=Dr	 ( ) (π, π)

|Dg|<Dr (D, D) (P, P)

Notes: π=  (R+P+Dg).

cooperates is less than the gain from defecting when the 
opponent defects (|Dg|<Dr), the risk-dominant equilibrium is 
(D, D). If player A decides to defect while player B deviates, 
the expected payoff functions become:

and

In this case, $A(D, q) is an increasing function of q in the 
range from P to R+Dg, while $B(D, q) is decreasing in the 
range from P to P-Dr.

If the loss from defecting when the opponent cooperates 
equals the gain from defecting when the opponent defects 
(|Dg|=Dr), the mixed-strategy ( ) is the risk-dominant 
equilibrium. If player A chooses the risk-dominant 
equilibrium strategy while player B deviates from it, the 
expected payoff functions become:

and

Here $A( ) is increasing from P+  to R+ , while 
$B( ) equals the expected payoff of the risk-dominant 
equilibrium, independent of q. The maximum loss of player 
A, △max( ), which results from the deviation of player B 
from the risk-dominant equilibrium, is:

It is clear that △max( )<△max(C, C).

5 APPLICATIONS TO THE IRAN-IRAQ CONFLICT
Here are two examples of the long-standing conflict 

between Iran and Iraq over their shared resources. The first 
is the Iran-Iraq conflict over the Fakka oil field (located 
on the Iran-Iraq border). This conflict is modeled by the 
CH game[9]. Both countries have an interest in exploiting 
the oil deposits in this area, leading to a risky situation 
in which neither country wants to back down for fear of 
forgoing potential benefits. The historical context of border 
disputes and previous conflicts between Iran and Iraq add 
to the tension of the situation. Failure to find a solution 
could lead to a disastrous outcome and escalate into a 
larger conflict. This mirrors the dynamics of a CH game 
where there is a risk of escalation. The decision-making 
process of both Iran and Iraq in this conflict resembled 
the strategic decisions in a CH game where each country 
has two options: Either dare to exploit the field or chicken 
out and leave it unexploited. Depending on the parametric 
formulation[9], the payoff matrix is given in Table 6. 
Modeling the Iran-Iraq conflict over the Fakka oil field 
as a CH game illustrates the strategic complexity and risk 
involved in such high-stakes situations. It also provides a 
framework for understanding the dynamics of the conflict 
and possible solutions.

Table 6. Payoff Matrix of a Model for the Iran-Iraq 
Conflict Over the Fakka Oil Field[9]

Iraq: Chicken Iraq: Dare

Iran: chicken (3, 3) (2, 4)

Iran: dare (4, 2) (1, 1)

Notes: It is a CH Game with Dr=-1 and Dg=1.
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In this model, there are two strict asymmetric and 
unfair NEs: (chicken out, dare) and (dare, chicken out). 
In equilibrium, only one country would benefit from the 
field. This would naturally encourage each country to dare, 
leading to a crash (war) in which each country receives the 
worst payoff, 1. In this model, Dr=-1 and Dg=1. The risk-
dominant equilibrium is then the mixed-strategy ( ), which 
yields a payoff of  for each country. This equilibrium point 
is a reasonable solution to this conflict and prevents fighting 
between the two countries.

The second application is to model the Iran-Iraq conflict 
over common oil and gas resources as an SH game[9]. The 
possible actions are either a low extraction rate (LER) or 
a maximum extraction rate (MER). Both countries can 
cooperate for the joint LER of shared resources to achieve 
optimal benefits, or both choose MER, leading to suboptimal 
outcomes. This corresponds to the concept of the SH 
game, where the optimal outcome is achieved when both 
players cooperate. However, unilateral actions or conflicting 
interests can lead to tensions and potential conflicts over the 
exploitation of resources. Based on Ref.[9], the payoff matrix 
is given in Table 7.

Modeling the Iran-Iraq conflict as an SH game highlights 
the potential benefits of cooperation and coordination 
in the management of shared oil and gas resources for 
mutual benefit. It also provides insights into the dynamics 
of cooperation, competition, strategic decision-making in 
resolving conflicts and maximizing the benefits of shared 
resources for both countries. This model has two strict 
NEs: (LER, LER) and (MER, MER). The equilibrium point 
(LER, LER) provides the optimal payoffs and guarantees the 
maximum long-term benefit for each country. However, there 
is a major concern that the opponent would turn into MER. 
The other equilibrium, (MER, MER), would completely 
destroy resources, and both countries receive the worst pay- 
offs. In this model, Dr=1 and Dg=-1. The risk- dominant 
equilibrium is then the mixed-strategy ( ), in which each 
country receives a payoff of . This equilibrium is a good 
solution for the Iran-Iraq conflict. It preserves the rights of 
each country and guarantees the maximum long-term benefit 
of the shared oil and gas resources.

The solutions proposed here are convincing, ensure a 
balance between cooperation and competition and promote 
fairness between the two countries. But real-world conflicts 
are not just about payoffs and equilibria. The decision-making 

Table 7. Payoff Matrix of a Model for the Iran-Iraq 
Conflict Over Common Oil and Gas Resources[9]

Iraq: LER Iraq: MER

Iran: LER (3, 3) (0, 2)

Iran: MER (2, 0) (1, 1)

Notes: It is a SH Game with Dr=1 and Dg=-1.

process in the real world should also take into account 
political, economic, social and historical factors. Nevertheless, 
game-theoretic models make an important contribution to the 
decision-making process in real-world conflicts over shared 
natural resources by providing a framework for analyzing 
and predicting the behavior of the actors involved in the 
conflict. In addition, game theory models can be used to 
identify areas where cooperation and negotiation can lead to 
better outcomes for all actors involved, rather than relying 
solely on competitive approaches.

6 CONCLUSION
When choosing a unique equilibrium for a non-

cooperative game, we suggest the superiority of the risk-
dominance criterion over the payoff-dominance criterion. 
We have applied the risk-dominance criterion to both CH 
and SH games with variable dilemma strength parameters. 
In the CH game, the cooperation degree of the risk-
dominant equilibrium decreases continuously from 1 to 0 
as the strength of the gamble-intending dilemma increases. 
As a result, the corresponding expected individual payoff 
decreases continuously in the range from R to P. Mutual 
cooperation is expected to be a risk-dominant equilibrium in 
an extreme limit of the CH game (S-P≫T-R). Under certain 
conditions, the risk-dominant equilibrium can maximize the 
group benefit of the CH game.

In the SH game, the degree of cooperation of the risk-
dominant equilibrium decreases with increasing strength of 
the risk-averting dilemma and takes the discrete values: 1, 0.5 
and 0. Consequently, the corresponding expected individual 
payoff takes the discrete values: R, the average of the payoff 
matrix and P. The risk-dominant equilibrium of the SH game 
coincides with the payoff-dominant equilibrium (mutual 
cooperation) when |Dg|>Dr. Consequently, the SH dilemma 
with R-T>P-S is solved using the risk-dominant equilibrium. 
We recommend redefining the condition for the SH dilemma 
as R>T>P>S and P-S>R-T.

When |R-T|=|P-S|, the risk-dominant equilibrium of both 
SH and CH games is simultaneous cooperation and defection 
with equal probabilities to obtain an individual payoff equals 
the average of the payoff matrix.

These findings are important for game theory and for 
the many applications in other disciplines. We have applied 
the risk-dominance criterion to models of the Iran-Iraq 
conflict over shared oil and gas resources. The risk-dominant 
equilibrium could provide a reasonable solution to this 
conflict.

In real conflicts over shared resources, the decision-
making process is not as simple as in the models presented 
here. Many other factors have to be taken into account. 
However, game-theoretic models can provide a reasonable 
insight into the strategic behavior of decision-makers without 
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requiring a lot of precise quantitative information.
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