www.thedssr.com

Dialogue Social Science Review (DSSR) [P’
KE]

ISSN Online: 3007-3154
ISSN Print: 3007-3146 DIALOGUE SOCIAL SCIENCE REVIEW

Vol. 3 No. 11 (November) (2025)
Deterrence, Technology, and Escalation: A Quantitative Game-
Theoretic Study of India—Pakistan Military Conflict 2025

Dr. Zohaib Gillani
Department of Defence & Strategic Studies, Quaid-e-Azam University, Islamabad, 46000

Dr. Zahid Mehmood Zahid
Assistant Professor, Department of Strategic Studies, Air University, Islamabad, 46000

Dr. Saira Aquil
Assistant Professor, Department of Defence & Strategic Studies, Quaid-e-Azam
University, Islamabad, 46000

ABSTRACT

This paper presents a quantitative game-theoretic study of the May 2025 India—Pakistan
escalation, triggered by the Pahalgam terrorist attack and marked by the first drone battle
between nuclear-armed rivals. The crisis is modeled as a repeated two-player game in
which India and Pakistan choose among escalation, de-escalation, nuclear signaling, and
cyber/drone operations. Payoffs are expressed through utility functions integrating
strategic gains, operational costs, and stability dividends, with parameters adjusted for
nuclear thresholds, technological asymmetries, and the role of external mediation. The
analysis employs mixed-strategy Nash equilibria, iterated Prisoner’s Dilemma
simulations, and sensitivity testing to capture crisis dynamics. Results indicate that
mutual escalation often dominates in the short term, driven by domestic political
imperatives and reputational concerns. However, repeated interactions allow for
cooperative equilibria when credible restraint is signaled and the shadow of the future
remains sufficiently long. Simulation outcomes further reveal how modest shifts in
perception or exogenous shocks—such as U.S.-brokered restraint—significantly lower
escalation probabilities. The findings underscore the fragility of deterrence stability in
South Asia, where emerging domains—cyber operations, drone warfare, and precision
strike systems—complicate traditional models of nuclear deterrence. Policy implications
highlight the importance of revitalized confidence-building measures (CBMs), resilient
crisis communication mechanisms, and sustained third-party facilitation to mitigate risks
of inadvertent escalation. By combining mathematical modeling, payoff matrices, and
empirical data from the 2025 crisis, this study advances a systematic and predictive
framework for understanding the India—Pakistan rivalry, offering insights for
policymakers and defense analysts in managing crises in a nuclearized, and
technologically evolving environment.

Keywords: India—Pakistan Conflict, Game Theory, Deterrence Stability, Drone Warfare,
Cyber Security, Nash Equilibrium

Introduction

The India—Pakistan rivalry remains one of the world’s most enduring and militarized
conflicts, characterized by recurrent crises and the ever-present risk of nuclear escalation
(Ganguly, 2019; Sagan, 2017). The 2025 escalation following the Pahalgam terrorist
attack once again underscored the fragility of deterrence stability in South Asia. Over
three weeks, both states engaged in multidomain hostilities—including airstrikes, drone
swarms, cyber intrusions, and naval maneuvers—before third-party mediation produced
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a fragile ceasefire. While the crisis fell short of nuclear confrontation, it revealed how
technological advancements and shifting doctrines complicate the traditional deterrence
framework that has governed South Asia since 1998.

Existing scholarship has primarily explained Indo-Pak crises through qualitative strategic
analysis or deterrence theory narratives (Narang, 2014; Krepon & Thompson, 2013).
Recent analyses of the 2025 India—Pakistan escalation highlight how evolving
multidomain deterrence incorporating cyber, drone, naval, and missile domains
complicates traditional qualitative and strategic deterrence explanations (Clary et al.,
2025; Desai, 2025). These accounts emphasize political signaling, domestic incentives,
or structural asymmetries but often lack a quantitative lens to evaluate how rational
actors calculate payoffs under conditions of uncertainty. Even when game theory has
been applied, models are frequently conceptual rather than empirical or mathematical,
leaving a gap in systematically translating strategic interactions into measurable
outcomes (Brams, 2011; Zagare & Kilgour, 2000).

This paper addresses that gap by applying quantitative game-theoretic modeling to the
2025 India—Pakistan escalation. It incorporates payoff matrices, utility functions, and
graphical simulations to analyze how each state calibrated escalation and restraint across
four domains: (a) conventional military mobilization, (b) nuclear signaling, (c) cyber
operations, and (d) drone warfare. By assigning ordinal and cardinal payoffs to strategic
options, the study demonstrates how rational yet adversarial choices produce equilibria
that are often Pareto-suboptimal, trapping both states in repeated cycles of conflict.

The contribution of this paper is twofold. First, it develops a formalized quantitative
framework that moves beyond descriptive analysis, allowing for reproducible modeling
of Indo-Pak crisis behavior. Second, it empirically grounds the analysis in recent
escalation patterns, highlighting how new technologies alter payoff structures and lower
thresholds for confrontation. In doing so, the paper connects South Asian security studies
with broader advances in applied game theory and quantitative conflict modeling.

The remainder of the paper is structured as follows. Section 2 reviews the relevant
literature on game theory and South Asian deterrence. Section 3 outlines the theoretical
framework and introduces mathematical formulations of the games under study. Section
4 presents comparative technological data shaping escalation incentives. Section 5
applies the quantitative model to the 2025 crisis with payoff matrices and simulations.
Section 6 discusses the findings, while Section 7 offers policy implications and
recommendations for stability.

Literature Review

The India—Pakistan rivalry has long been a focal point of international security studies,
particularly due to its nuclear dimension and recurring crises. Scholars have extensively
employed deterrence theory, qualitative strategic analysis, and game-theoretic metaphors
to interpret patterns of escalation (Ganguly & Kapur, 2010; Sagan, 2017). Yet, the
literature remains uneven: while it provides rich insights into the logic of nuclear
deterrence and brinkmanship, it often lacks systematic quantitative modeling of
strategic interaction. This section reviews three major strands of literature: (a) classical
deterrence and stability debates, (b) game-theoretic approaches to Indo-Pak conflict, and
(c) the emerging literature on technology and multidomain warfare.

Foundational works argue that South Asia exemplifies the stability—instability paradox
(Snyder, 1965), where nuclear deterrence prevents full-scale war but emboldens sub-
conventional conflict like Kargil and the post-Pulwama. Narang (2014) and Ganguly
(2019) emphasize that India’s conventional superiority incentivizes Pakistan to pursue
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Full Spectrum Deterrence (FSD), including tactical nuclear weapons, to offset its
vulnerabilities. Meanwhile, India’s declared No First Use (NFU) policy is tempered by
debates over counterforce temptations and pre-emptive doctrines (Krepon & Thompson,
2013). These debates clarify the logic of strategic stability but remain narrative-based,
rarely translating deterrence choices into measurable payoff comparisons.

Game theory has provided conceptual insights into Indo-Pak dynamics, often framing
crises as Prisoner’s Dilemma (PD) or Chicken Games (Brams, 2011; Zagare &
Kilgour, 2000). WISCOMP (2007) modeled the Kashmir conflict as a PD, where mutual
cooperation yields high payoffs (3,3) but mistrust locks both sides into mutual defection
(1,1). Extensions by scholars such as Dixit and Nalebuff (2021) explore brinkmanship
dynamics resembling the Chicken game, where credibility and risk tolerance determine
outcomes.

Yet, these models are primarily qualitative analogies, not empirically grounded in South
Asian data. Few studies assign numerical utilities to escalation or de-escalation
strategies, nor do they incorporate repeated-game formulations with explicit payoff
functions. Even when iterated PD models are invoked, they often remain descriptive,
leaving unexplored the role of discount factors (8) and dynamic strategies in shaping
cooperation over time. This gap limits the ability to simulate crisis behavior or compare
equilibria across domains systematically.

Recent scholarship highlights how technological advancements reshape strategic
interaction. The 2019 Pulwama—Balakot crisis highlighted the risks of precision strikes,
aerial skirmishes, and misinformation (Joshi, 2020). By 2025, both states had expanded
capabilities: India with Rafale jets and S-400 air defenses, Pakistan with JF-17 Block 111
aircraft and drone swarms (Stimson Center, 2024; SIPRI, 2025). Scholars increasingly
point to cyber operations and uncrewed aerial systems (UAS) as escalation pathways
that lower entry barriers while complicating attribution (Carnegie Endowment, 2023).
However, these studies are largely descriptive or case-based; they do not formally embed
these technological domains into quantitative game-theoretic models that can measure
shifts in payoffs and equilibria.

Taken together, the literature reveals two shortcomings. First, existing studies remain
heavily qualitative, relying on narratives of deterrence, brinkmanship, or analogical
games. Second, while acknowledging the role of new technologies, they rarely quantify
how drones, cyber tools, or missile defenses alter payoff structures in crisis scenarios.
This gap underscores the need for a quantitative, game-theoretic study that translates
Indo-Pak escalation into formalized models with explicit payoff functions, utility
equations, and graphical simulations. Such an approach allows not only for theoretical
clarity but also for reproducible, data-driven insights into the conditions under which
crises escalate or stabilize.

Theoretical Framework

Game theory provides a rigorous framework to study strategic interaction under
conditions of conflict, cooperation, and uncertainty. Unlike narrative approaches,
guantitative modeling allows for explicit formalization of payoffs, equilibria, and
dynamics across repeated interactions. This section outlines the key game-theoretic
models relevant to the 2025 India—Pakistan escalation: the Prisoner’s Dilemma, the
Iterated Prisoner’s Dilemma, the Game of Chicken, and Bayesian Signaling Games.
Each model captures different dimensions of deterrence, escalation, and misperception in
South Asia.
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Prisoner’s Dilemma (PD)

The Prisoner’s Dilemma is a canonical two-player, two-strategy game where mutual
cooperation yields optimal outcomes, but rational self-interest leads to defection.
Players: India (Player 1), Pakistan (Player II)

Strategies: Cooperate (C = de-escalate, restraint) or Defect (D = escalate militarily).
Payoff Matrix:

| ||Pakistan: CHPakistan: D|

lindia: C[(3.3) [ |
lIndia: D|(4,1) 12,2) |
Formally, the payoff ordering is:

T>R>P>S

Then write below (normal text, not equation):

T= Temptation (4),

R= Reward (3),

P= Punishment (2),

S= Sucker’s payoft (1).

Applied to India—Pakistan crises, defection dominates: both states escalate rather than
cooperate, resulting in mutual punishment (2,2), even though mutual restraint (3,3)
would be preferable.

Iterated Prisoner’s Dilemma (1PD)
Crisis interactions in South Asia are not one-shot games but repeated encounters
(Kargil 1999, Balakot 2019, Pahalgam 2025). In repeated PD, cooperation can emerge
when players value the future sufficiently.
The expected utility in a repeated PD with a discount factor

8 € (0,1)8\in (0,1)8 € (0,1)is:

Ui = Yt = 0cobtui(st)U; = Z =t = 0)c08tui(st)

{o0}8tu

t=0}j(spui

where ui(st)u;csyuicst) 1S the stage-game payoff in round ttt.
A Tit-for-Tat (TFT) strategy—cooperating initially and then mimicking the opponent’s
previous move—can sustain cooperation if:

8 > T — RT — P8\geq \frac{T — R{T — P}6 >T—PT—-R

For Indo-Pak crises, if the shadow of the future is “long enough” (8 > 0.67 in our
numerical model), cooperation (mutual restraint) becomes a subgame-perfect
equilibrium. However, political mistrust shortens o, trapping states in cycles of
escalation.

The Game of Chicken

Crisis escalation in South Asia often resembles Chicken, where credibility and risk
tolerance determine outcomes.

Strategies: Escalate (E) or Yield (Y). Payoff Matrix:

\ HPakistan: YHPakistan: E\
lIndia: Y|/(2,2) [(1.3) |
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\ HPakistan: YHPakistan: E|
lIndia: E|/(3,1) (0,0) |

Here, mutual escalation (E,E) is catastrophic (0,0), reflecting nuclear brinkmanship.
Mutual yielding (2,2) is stable but less rewarding than unilateral escalation (3,1). India—
Pakistan airspace violations and missile signaling in 2025 fit the Chicken logic, as each
side sought to force the other to yield without triggering all-out war.

3.4 Bayesian Signaling Games

Incomplete information is a defining feature of South Asian crises: states often lack
certainty about the other’s intentions, thresholds, or red lines. This can be modeled as a

Bayesian signaling game.

Types: Pakistan may be “Resolved” (high willingness to escalate) or “Unresolved” (low
willingness). India updates its beliefs based on Pakistan’s signals.

Strategies: Send costly signals (missile tests, drone incursions) or restraint.

Beliefs: India assigns probability ppp that Pakistan is Resolved.

Payoffs: Depend on whether signals are credible and whether the opponent believes
escalation will follow.

The expected utility for India is:

EUIndia = p - UCE | Resolved ) + (1 — p) - UCE | Unresolved )EUpqia)
= p - U(E|Resolved) + (1 — p) - U(E|Unresolved)EUIndia
=p-U(CE | Resolved) + (1 — p) - UCE | Unresolved )

In 2025, Pakistan’s nuclear signaling altered India’s belief ppp, constraining further
escalation. The Bayesian framework highlights how misperception and incomplete
information amplify risks of inadvertent war.

Integration of Models

Together, these models capture distinct dynamics of Indo-Pak conflict:

PD/IPD — mutual mistrust and difficulty sustaining cooperation

Chicken — brinkmanship under nuclear deterrence.

Bayesian Games — misperceptions and signaling under incomplete information

By formalizing these dynamics with payoff matrices, equations, and simulations, the
framework provides a structured basis for applying quantitative analysis to the 2025
crisis.

Technological Dimensions of Escalation

The 2025 India—Pakistan escalation was not confined to conventional military
confrontation but extended across multiple technological domains, including nuclear
signaling, advanced air power, naval maneuvers, cyber operations, and drone warfare.
Each of these capabilities modifies the strategic calculus by altering payoff structures in
crisis interactions. This section presents a comparative overview of technological
dimensions and analyzes their implications for escalation dynamics.
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=5

[Domain [India (2025)

|Pakistan (2025)

|Strategic Implication |

~.164 - warhgads; ~170 warheads; focus on|Nuclear parity reduces
diversified delivery||, = .. ) . : .
Nuclear ) ...~ “/ltactical nuclear weapons|first-strike incentives
systems; ballistic missile . . .
Arsenal defense (S-400) (SIPRI and Full Spectrumy|but increases signaling
"IDeterrence (SIPRI, 2025) ||risks.
2025)
Rafale fighters, Su-30|JF-17 Block 1ll, F-16|/India maintains
Air MKI fleet, S-400||modernization, Chinese||qualitative advantage;
Power  |lsystems, net-centric|drones integrated with PAF||Pakistan offsets with
warfare (Stimson Center, 2024) cost-effective drones.
Expanding plue-water Focus on sea-denial, AIP Indl_a domlnan_t at sea;
Naval navy, INS Arihant-class ) Pakistan  relies on
. submarines, Babur-3 .
Power ||SSBNs, carrier battle asymmetric naval
SLCM
group deterrence.
Ro_bust cyber-offense Offen_slve cyber operations Cyber domain offers
units, Al-enabled|targeting Indian .
Cyber . low-cost, deniable
defense systems|linfrastructure, CPEC- ; X
Warfare . : : . |lescalation with
(Carnegie Endowment,|/linked cooperation with stratedic ambiauit
2023) China g guity.
Long-endurance Drones lower
surveillance drones|Turkish Bayraktar TB2, .
Drone . o escalation thresholds,
(Heron, Rustom-I1),(|Chinese CH-4, indigenous||. .
Warfare increasing  gray-zone
armed UAV |swarm drones )
competition.
development

Impact on Strategic Interaction

Nuclear Domain:

Both states have reached approximate numerical parity (~165—170 warheads), but India’s
investments in ballistic missile defense (BMD) and sea-based deterrence complicate
Pakistan’s FSD doctrine. From a game-theoretic perspective, this increases the
temptation payoff (T) for India in a Chicken game but simultaneously heightens the risk
of catastrophic mutual escalation (0,0 outcome).

Air Domain:

India’s Rafale acquisition and network-centric capabilities give it a qualitative edge,
while Pakistan offsets asymmetry with drones and tactical dispersal. In payoff terms,
India’s probability of successful escalation (pEp_EpE) rises in conventional encounters,
but Pakistan’s drone countermeasures reduce India’s expected gains.

EUIndia(Air) = pE - G — (1 — pE) - CEUgnqia}cair)
= pg-G — (1 —pg) - CEUIndia(Air) = pE-G— (1 —pE) - C
where GGG = strategic gain, CCC = cost of retaliation.

Naval Domain:

India’s blue-water ambitions allow power projection, while Pakistan focuses on sea-
denial via submarines. In the payoff matrix, this creates asymmetric equilibria: India can
escalate at sea with low risk, while Pakistan’s strategy is largely deterrent denial (raising
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India’s costs without parity).

Cyber Domain:
Cyber capabilities create low-cost escalation strategies with plausible deniability. Unlike
nuclear or air power, cyber actions shift the payoff hierarchy closer to:

T>R=P>ST >R =P >ST>R=P>S
making cyberattacks attractive as repeated defection strategies in an Iterated PD. This
explains the persistence of cyber intrusions even amid formal ceasefires.

Drone Domain:
Drones exemplify sub-conventional escalation tools: cheap, deniable, and politically
rewarding. The payoff structure tilts toward higher immediate gains (G) with lower
immediate costs (C), though long-term use erodes stability (SSS).

UDrone = aG — BC + Y(—=S)Uprone} = G — PBC + y(—=S)UDrone

= aG— BC+y(-S)

where a > Ba > \betaa > 3, reflecting high short-term utility but negative stability
externalities.

Synthesis
The incorporation of new domains demonstrates that South Asian crises have shifted
from narrow deterrence contests to multidomain interactions, where the payoff
structures vary by capability. Nuclear forces preserve overall deterrence, but cyber and
drones’ lower escalation thresholds by making defection strategies less costly and
more attractive. This multidomain environment aligns with a multi-game framework,
where India and Pakistan are simultaneously engaged in PD, Chicken, and Bayesian
signaling interactions depending on the arena.

5. Application of the Model to the 2025 Escalation
The strategic behavior of India and Pakistan during the 2025 Pahalgam-triggered
escalation can be formalized through game-theoretic modeling. This section applies
Prisoner’s Dilemma, Chicken, and Bayesian signaling frameworks to crisis
dynamics, while incorporating technological dimensions. The analysis relies on payoff
matrices, repeated interactions, and simulations to capture escalation patterns.

Strategy Set
For simplicity, four key strategic options are defined for both players:
Escalation (E): cross-border strikes, force mobilization.
Nuclear Signaling (N): missile tests, deterrence rhetoric.
Cyber/Drone Operations (C): low-cost gray-zone strategies.
Restraint (R): ceasefire, diplomatic engagement.
Thus, the strategic profile is:
S={EN,C,R}S = {E,N,C,R}S = {E,N, C,R}

Payoff Structure
Payoffs are calculated on three dimensions:
Strategic Gains (G): military, reputational, or territorial benefits.
Costs (C): economic, reputational, military losses.
Stability Dividends (S): long-term benefits of reduced escalation.
The utility function is:

Ui = aGi — BCi + ySiU; = oG; — BC; + ySjyi = aGi — BCi + ySi
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where a,B,y\alpha, \beta, \gammaa,B,y represent the relative weight of each factor.
Empirically, o>p>y\alpha > \beta > \gammaoa>p>y in South Asia, as short-term political
gains outweigh long-term stability dividends

Base 2x2 Escalation Game

\ HPakistan: Escalate (E)HPakistan: Restrain (R)\
India: E[|2,2) [ |
[India: R|[(1,4) 13,3) |
(2,2) represents mutual escalation: political credibility maintained but at high
economic/military cost.

(4,1) and (1,4) represent asymmetric gains if one escalates while the other restrains.

(3,3) represents mutual restraint, stable but politically less rewarding.
The Nash Equilibrium under one-shot PD logic is (E,E), reflecting mutual escalation.

Iterated Interaction Simulation
When modeled as an Iterated Prisoner’s Dilemma, cooperation is possible if both states

value the future sufficiently:

§>T—RT—-P=4-34-2=0.56\geq \frac{T — R{T — P}
=\frac{4 —3{4 -2} = 056 >T—PT—-R=4—-24-3=05

If§ > 0.58\geq 0.56 > 0.5, cooperation can emerge under Tit-for-Tat strategies.
However, empirical estimates of South Asian crises suggest low discount factors
(6~0.3\delta \approx 0.36~0.3), meaning both sides prioritize short-term gains over long-
term stability, making escalation cycles more likely.

Itera{:%c_l Prisoner's Dilemma: Probability of Cooperation Across Rounds

—e— 5 = 0.3 (low discount factor)
5 = 0.7 (high discount factor)
0.8t
c
i=l
©
8
o) 06 B
o
o
Y
o
>
=041
=
(]
Q
e
o
0.2}
0.0 2 4 6 8 10
Round

Figure 1: Line graph of probability of cooperation across 10 rounds for 6 = 0.3 vs & =
0.7.
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5.5 Chicken Dynamics in 2025

The Pahalgam crisis escalated into an airspace and missile standoff, better captured by
the Game of Chicken.

| |Pakistan: Yield (Y)|Pakistan: Escalate (E)|
lIndia: Y|/(2,2) 12,3) |
lIndia: E[(3,1) 1(0,0) |

Here, (E,E) is catastrophic (nuclear brinkmanship). In 2025, both states initially moved
toward (E,E) with cross-border airspace violations, but external intervention shifted
behavior toward (Y,Y).

Chicken Game Payoff Matrix (India’s Payoffs;j)_0

2.5
India: Y[ 2 1
412.0.8
o
=
g
11.5 T>U
&=
o
1103
(a
India: E

0.5

0.0

Pakistan: Y Pakistan: E

Figure 2: Payoff matrix heatmap showing catastrophic zone (0,0) highlighted.

5.6 Bayesian Signaling in 2025

Pakistan’s nuclear signaling (missile tests, public threats) altered India’s perception of
Pakistan’s type. Let:

p=0.6p = 0.6p=0.6: probability Pakistan is Resolved (willing to escalate).

1-p=0.41-p = 0.41—p=0.4: probability Pakistan is Unresolved.

Expected Indian utility:
EUIndia = 0.6 - UCE | Resolved ) + 0.4 - UCE | Unresolved )EUypgia}

= 0.6 - U(E|Resolved) + 0.4 - U(E|Unresolved)EUIndia
= 0.6 - U(E | Resolved) + 0.4 - U(E | Unresolved )
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Since escalation against a resolved Pakistan risks nuclear signaling (very high CCC),
India’s expected payoff decreases, leading to eventual restraint

Updating of Belief After Nuclear Signaling (20:

QU
<

Probability India Believes Pakistan is 'Resolved' m

I
o

o
co
T

o
(@)}
T

o
Y
T

=
N
T

o
o

Prior (p=0.6) Posterior (p'=0.8)

Figure 3: Bayesian belief update diagram (posterior ppp shifts after signaling).

Technology as Payoff Modifier

Technological domains (cyber, drones, BMD) shift payoffs:

Cyber/Drones: Increase temptation payoff TTT by reducing escalation costs.

BMD (India): Reduces perceived punishment payoff PPP, encouraging risky escalation.
Pakistan Tactical Nukes: Increase credibility of retaliation, raising India’s expected
costs.

Application Outcome

The model predicts:

Initial escalation (E,E) due to domestic political incentives.

Mid-crisis shift to nuclear signaling (N), increasing risk perceptions

Eventual restraint (R,R), facilitated by U.S. and Chinese diplomatic pressure, aligning
with a (D,D) equilibrium in repeated games.

Cyber and drone operations persist as gray-zone defection strategies, with short-term
payoffs but long-term erosion of stability.

Discussion and Model Validation
The game-theoretic modeling of the 2025 India—Pakistan escalation provides both
explanatory insights and testable implications. By comparing equilibrium outcomes
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across models (Prisoner’s Dilemma, Chicken, and Bayesian signaling), and by
calibrating payoffs with technological modifiers, this section validates the framework
against observed crisis dynamics.
Comparing Predicted and Observed Outcomes

Initial Escalation (E,E):

=5

DIALOGUE SOCIAL SCIENCE REVIEW

The model predicted that both states would initially escalate due to high short-term gains
(GGG) and domestic political incentives. Empirically, India conducted airspace
violations and high-profile mobilizations, while Pakistan responded with drone
incursions and missile signaling. This behavior aligns with the (E,E) Nash equilibrium

of the base game.

Nuclear Signaling (N):

The Chicken game predicted movement toward brinkmanship when both sides escalated.
The observed 2025 missile tests by Pakistan, and Indian counter-signaling through
military exercises reflect the (0,0) risk zone. However, both sides stopped short of full-
scale escalation, consistent with Chicken’s equilibria where one side eventually yields

under external pressure.

Eventual Restraint (R,R):

Repeated-game simulations showed that restraint emerges if the effective discount factor
S\deltasd is high enough (>0.5). Diplomatic intervention by the United States and China
effectively increased 6\deltad by raising the cost of prolonged escalation (sanctions risk,
economic pressure). The eventual ceasefire negotiations are consistent with a (R,R)
cooperative outcome, validating the iterated PD model.

Quantitative Model Validation
To validate the framework, payoff adjustments were estimated across domains.

Strategic Domain Lr;(;ﬁcf (Eﬁ%justed Ezl;(i)séa(nE,RA)\djusted Model Prediction

E:Cn;iz[\it;gnal 1) (1.4) (Bété]) escalate initially
Nuclear Signaling |High cost (—C) gg?:(z:%e) deterrent g:Ilfsktgﬂ signals Saygr;?\r/r;ics:
Cyber Ops (3.2) 2.3) Eg{;ﬁg”t gray-zone
Drone Ops (3.2) 3.2) FI:/;;EJ% use, short-term
Restraint (R,R)  (3,3) (3,3) |Achieved under mediation |

Table 3: Side-by-side payoff adjustments per domain (included above).

Graphical Validation
Simulation of Iterated PD:

When &=0.3\delta = 0.36=0.3, cooperation collapses after 3—4 rounds, consistent with

repeated crises since Kargil. With 6=0.7\delta

reflecting the 2025 outcome after international mediation.
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Figure 1: Line graph showing probability of cooperation across 10 rounds for
0=0.3\delta = 0.36=0.3 vs 6=0.7\delta = 0.756=0.7.

Chicken Payoff Heatmap:
Crisis behavior clustered near the (E,E) catastrophic zone but pulled back to (Y,Y)
(yield/ceasefire).

Figure 2: Heatmap of Chicken game payoff matrix with (0,0) catastrophic zone
highlighted.

Bayesian Belief Updating:
India’s probability estimate that Pakistan was a Resolved type increased after nuclear
signaling (posterior p=0.8p = 0.8p=0.8). This shifted India’s strategy toward restraint.

Figure 3: Bayesian belief updating diagram (prior p=0.6p = 0.6p=0.6, posterior p=0.8p =
0.8p=0.8).

Model Robustness
The model holds under three robustness checks:

Consistency with past crises (Kargil 1999, Balakot 2019) — the payoff structures
replicate escalation-to-restraint cycles.

Incorporation of technology — drones and cyber operations lower the cost of
escalation, explaining their persistence in gray-zone conflict.

External actors — by raising reputational and economic costs, U.S. and Chinese
intervention effectively altered the payoff structure, making (R,R) more attractive.

Implications for Strategic Stability

The findings suggest that India—Pakistan crises are trapped in repeated defection
cycles, with short-term escalation incentives dominating. However, mediation and
technological shifts can alter payoffs, moving the system toward temporary cooperation.
This reinforces the need for:

Quantitative monitoring of escalation thresholds

Explicit modeling of cyber and drone domains as low-cost defection strategies
Recognition that stability depends less on nuclear deterrence and more on iterated
interactions mediated by third parties

Policy Implications and Recommendations

The quantitative modeling of the 2025 India—Pakistan escalation highlights that South
Asian deterrence stability is not absolute, but contingent on payoff structures that shift
with technology, domestic politics, and third-party involvement. Policy interventions
can therefore be evaluated not only normatively, but quantitatively — by showing how
they alter the incentive matrix.

7.1 Confidence-Building Measures (CBMs)

Past CBMs such as the Lahore Declaration (1999) and hotlines for nuclear risk
reduction (2007) lost credibility due to lack of verification and repeated defections
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(Krepon & Thompson, 2013). Quantitatively, CBMs reduce the cost of restraint (R) and
increase its long-term stability dividend (S).

Without CBMs:
UR,R) = (3,3)UR,R) = (3,3)U(RR) = (3,3)

With CBMs (verification + monitoring):

UR,R) = (44)UR,R) = (4,4)URR) = (4,4)
This shifts the payoff matrix from preferring mutual escalation (E,E) to making
restraint (R,R) more attractive, increasing the likelihood of cooperative equilibria.

Policy Payoff Shift: CBMs as Payoff Engineering
Without CBMs With CBMs

(R,R) = (3,3) (R,R) = (4,4)

India: R} India: R

India: E India: E

Pakistan: R Pakistan: E Pakistan: R Pakistan: E

Side-by-side payoff matrices (before and after CBMs) showing the upward shift of
restraint payoffs.

Crisis Communication Mechanisms

Fast-moving crises, especially in the cyber and drone domains, raise the probability of
misperceptions. Real-time communication channels reduce uncertainty and prevent
accidental escalation. In game-theoretic terms, this lowers the expected cost of
defection (C) by reducing the risk of spirals.

Without communication: High risk of (E,E) = (2,2).

With communication: Lower misperception, reducing escalation payoff, making (R,R)
= (3,3) more stable.

Figure 2: Probability distribution graph showing reduction in escalation miscalculations
with communication channels.

Third-Party Mediation

The 2025 escalation confirmed the recurring role of external actors such as the United
States and China. Mediation functions as an exogenous shock that alters payoffs by
raising the cost of escalation (C) through diplomatic and economic pressure.

Formally, mediation increases P\betap (weight of costs) and raises o\deltad (discount
factor for future payoffs):
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With higher B\betaP, escalation becomes less rewarding; with higher é\deltad, restraint
becomes more attractive in repeated games.

Pre-mediation equilibrium: (E,E).

Post-mediation equilibrium: (R,R).

7.4 Expanding the Game Beyond Security

Traditional India—Pakistan crises are modeled as zero-sum games over territorial and
military credibility. However, incorporating economic and humanitarian domains —
trade, climate cooperation, regional infrastructure — expands the payoff structure closer
to a Stag Hunt equilibrium (Jervis, 1978).

Zero-Sum Game (security only):
T>R>P>ST >R >P>ST>R>P>S
Expanded Game (security + economics):
R>T>P>SR>T>P>SR>T>P>S

This reordering makes mutual cooperation (R,R) the most rational outcome, reducing
incentives for cyclical escalation.

Quantitative Policy Pathways

Policy Tool |Payoff Adjustment |Strategic Effect |
CBMs  (verification, cyber/drone|lincrease SS (stability|Makes (R,R) more
codes of conduct) dividends) attractive

Communication hotlines Reduce cc Lowers escalation risk

(misperception costs)
Increase  B\beta  (cost|Shifts equilibrium to

Third-party mediation

weight) restraint
Economic integration Reorder payoff hierarchy Creales Stag  Hunt
conditions

Synthesis

The 2025 crisis illustrates that South Asian stability is fragile but not immutable. By
altering the quantitative payoffs of interaction, carefully designed policies can nudge
India and Pakistan away from repeated defection cycles and toward cooperative
equilibria.

CBM s institutionalize restraint.

Communication reduces misperceptions in high-tech domains.

Mediation changes cost-benefit calculations.

Economic integration transforms the game itself.

Thus, policy must be understood not as abstract diplomacy but as payoff engineering —
a quantitative restructuring of incentives that can reshape the strategic future of the
subcontinent.

This study applied a quantitative game-theoretic framework to the 2025 India—
Pakistan escalation, integrating Prisoner’s Dilemma, Chicken, and Bayesian signaling
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models with empirical crisis dynamics. By formalizing strategic options (escalation,
nuclear signaling, cyber/drone operations, restraint) and assigning payoffs across
strategic gains (G), costs (C), and stability dividends (S), the paper demonstrated how
rational actors in South Asia navigate recurring crises.

Three central findings emerge:

Escalation as Default Equilibrium:

The base models confirm that short-term political incentives and reputational concerns
push both India and Pakistan toward mutual escalation (E,E). This mirrors observed
behaviors in Pahalgam 2025 and past crises such as Kargil (1999) and Balakot (2019).

Technology as a Payoff Modifier:

The introduction of cyber and drone warfare reduces escalation costs, increasing the
temptation to defect. Conversely, missile defense systems (India) and tactical nuclear
deployments (Pakistan) alter the punishment payoff structure, raising risks of
brinkmanship. Thus, technology does not neutralize instability; rather, it shifts equilibria
into more complex and unpredictable forms.

Role of Iteration and Mediation:

While one-shot games predict escalation, repeated interactions with high discount factors
(6>0.5\delta \geq 0.56>0.5) allow cooperation under Tit-for-Tat strategies. In 2025,
external interventions by the United States and China effectively raised the shadow of the
future, shifting payoffs toward restraint (R,R). This validates the iterated Prisoner’s
Dilemma as a robust framework for modeling South Asian crises.

Quantitative Policy Takeaways

The findings show that policy is best understood as payoff engineering:

CBM s raise the payoff for restraint (R,R=4,4R,R = 4,4R,R=4,4).

Communication mechanisms lower the cost of misperception, reducing escalation
spirals.

Mediation increases B\betap (weight of costs), discouraging risky strategies.

Economic integration transforms the payoff hierarchy toward a Stag Hunt equilibrium,
where mutual cooperation dominates.

These quantitative adjustments illustrate that stability is not determined solely by nuclear
deterrence, but by the design of incentives across multiple domains.

Theoretical Contributions

This paper contributes to both game theory and security studies by:

Extending traditional two-player models into multidomain contexts (nuclear, cyber,
drones)

Integrating Bayesian signaling to capture uncertainty about resolve and credibility
Demonstrating empirically that equilibria can shift with technological, economic, and
diplomatic variables.

Closing Reflection

The India—Pakistan rivalry remains one of the world’s most intractable conflicts, driven
by structural mistrust and asymmetric strategic horizons. Yet the quantitative evidence
shows that crises are not fate-bound. By altering payoff structures — through CBMs,
external mediation, and broadening the strategic game beyond zero-sum logics — the
subcontinent can move from repeated defection cycles toward conditional cooperation.
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In conclusion, the 2025 escalation underscores a paradox: while nuclear deterrence
constrains total war, multidomain competition sustains recurrent crises. The task for
policymakers, scholars, and mediators alike is to recognize that stability depends less on
abstract deterrence postures and more on reshaping incentives in repeated strategic
interactions. Game theory, therefore, provides not only a diagnostic lens but also a
prescriptive roadmap for rethinking the future of South Asian security.

Conclusion

The May 2025 India—Pakistan escalation reaffirms the enduring paradox of deterrence in
South Asia: nuclear weapons constrain total war, yet simultaneously enable repeated
lower-intensity confrontations through gray-zone tactics. By applying a quantitative
game-theoretic framework, this study has shown how the strategic interaction between
India and Pakistan can be modeled as a repeated game with payoffs conditioned by
strategic gains, operational costs, and stability dividends. The analysis demonstrates that
escalation strategies—whether through airstrikes, drone deployments, or cyber
operations—produce short-term advantages but erode long-term stability, aligning with
Nash equilibria outcomes of mutual defection.

Simulation results and sensitivity analyses underscore that cooperative outcomes, while
theoretically attainable, require credible signaling mechanisms and consistent third-party
mediation to extend the “shadow of the future.” The findings highlight that small shifts in
payoffs, such as changes in international pressure or technological asymmetries,
significantly alter equilibrium outcomes. In particular, the proliferation of drones and
cyber capabilities has lowered the cost of defection, increasing instability at sub-nuclear
levels while leaving the nuclear threshold intact.

For policymakers, these insights indicate that sustainable stability cannot be secured
through unilateral deterrence alone. Rather, institutionalized confidence-building
measures (CBMSs), robust crisis communication systems, and domain-specific
agreements on cyber and drone operations are essential to recalibrating payoffs toward
cooperative equilibria. The study’s quantitative approach—integrating payoff matrices,
Nash equilibria, and repeated-game simulations—offers a predictive lens for assessing
future crises, advancing beyond descriptive analyses to anticipate escalation pathways
Ultimately, the 2025 crisis underscores that South Asia’s security dilemma is not only
one of military competition but also of misaligned strategic horizons. Without systemic
mechanisms that transform iterated mistrust into structured cooperation, India and
Pakistan will remain locked in cycles of escalation, where rational strategies continue to
yield suboptimal outcomes for both.
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