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Abstract

This thesis studies games with shared constraints under uncertainty. Individu-

als sharing common resources often face interdependent strategy sets, a structural

property absent in standard Nash equilibrium problems. Such games are known as

Generalized Nash Equilibrium Problems (GNEP). While existence and uniqueness

in deterministic GNEPs are well established, their counterparts with stochastic pay-

offs and strategy sets remain relatively unexplored; we refer to this formulation as

the Generalized Nash Equilibrium Problem under Uncertainty (GNEPU). In Chap-

ter 1, we present the motivation and the problem statement, and in Chapter 2, we

review the relevant literature.

In Chapter 3, we establish the existence of an equilibrium using measurable

selection and random fixed-point theorems and prove uniqueness via (i) contraction

properties of best-response mappings and (ii) a risk-adjusted formulation with strict

monotonicity. We demonstrate the practical relevance of our theoretical findings

through an application to a Tragedy of the Commons (TOC) setting in sugarcane

farming in India.

In Chapter 4, we extend the non-cooperative GNEPU framework to a cooper-

ative setting in which players are allowed to form coalitions. Such situations arise

in applications where players organize into groups while facing a common public

resource. We refer to these problems as shared-constraint cooperative games un-

der uncertainty (SCGU) and show that the core of such games is non-empty under

certain conditions. We further extend the sugarcane farming example developed in

the previous chapter to the case in which farmers form FPOs, and we identify the

conditions under which these FPOs are stable.

In Chapter 5, we examine a real-world application of GNEPU in the sericulture
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sector. Sericulture involves rearing silkworms and producing silk from their cocoons.

Different types of silk vary substantially in terms of input requirements, skill needs,

production costs, and market prices. Focusing on two silk types—mulberry and

tussar—we analyze (i) farmers’ crop choices and production quantity decisions and

(ii) the firm’s optimal procurement prices when farmers face a shared water-resource

constraint. Cultivation of mulberry requires a certain level of skill; therefore, only

high-skill farmers can produce it, whereas tussar can be produced by both high- and

low-skill farmers. Consequently, low-skill farmers must decide whether to upgrade

their skills to cultivate mulberry. Equilibrium outcomes are established using the

results developed in Chapter 3 for GNEPU. Our main findings indicate that farmers

prefer selling to the firm when water resources are scarce, whereas they sell directly

in the open market when resources are abundant. Interestingly, skill upgrading is

beneficial only when resources are limited; under high resource availability, increas-

ing skill does not affect equilibrium outcomes.

Our modeling framework is not limited to the agriculture and sericulture sec-

tors. Generalized Nash equilibrium problems under uncertainty (GNEPU) and

shared-constraint cooperative games under uncertainty (SCGU) arise in a variety

of real-world settings. For instance, fishermen may decide harvest levels without

precise knowledge of fish stock, while fishing cooperatives determine collective catch

decisions. Another important application is in pollution control, where industries or

countries choose production levels while facing shared environmental constraints.

Many other applications can be studied within this framework. We believe that

our results can assist practitioners and policymakers dealing with similar resource-

sharing and uncertainty-driven decision environments.

Keywords: Shared constraint games, generalized Nash equilibrium, tragedy of the

commons, cooperative games with shared resources, sericulture.
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yield parameters and their skill levels. Second, the skill differential between high-

and low-skill farmers affects equilibrium profits only when water is scarce; when

water is abundant, skill differences do not influence equilibrium outcomes. We also

find that social welfare—defined as the sum of farmers’ profits, the firm’s profit, and

consumer surplus—initially increases with water availability but declines beyond a

threshold level, primarily because the firm’s profit decreases as water availability

rises. Finally, when water resources are scarce, farmers prefer selling directly in the

open market at higher prices, whereas when water availability is sufficient, selling

to the firm becomes more beneficial.

We believe that the theoretical and applied results on shared-constraint games

developed in this thesis will open several avenues for further research and find

applications across multiple fields.
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