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Anomauisn

byoisnuymeo ma npomuciosuii po3eumox icmomno CHpUsioms eKOHOMINHOMY 3DOCMANHIO, NPOMe Yacmo Hopo-
0JfCyIOMb eKoA02TYHI npobiemu, Ki BRAUBAIOMb HA NPpUNe2li eKocucmemu ma micyesi pomaou. Egexmuene ynpaeiinms
OQ0BKILIAM 8UMA2AE OOCACHEHHS OANAHCY MIdC eKOHOMIYHUMU YLISIMU MA eKOJ02IYHOI CMIUKICIIO 3 YPAXYSaAHHAM
cmpameziyHux 63a€MOO0Ill MIidC YUCTEHHUMU 3AYIKAGTIEHUMU CMOPOHAMU. Y 36 'A3KY 3 yum 30ilicHeHO 027180 OCHOSHUX
EKOJI02IUHUX npoOeM, NO8 3aHux i3 OyOi6eNbHUMU MAUOAHUUKAMU MA 00 EKMamu npoMucioso2o po3eumxy. Hocui-
02ICEHO MOIICTUBOCIE 3ACTNOCYBANHS TMEOPETUKO-I2POBUX NIOX00I8 00 NPUUHAMMS eKOI02IYHO OPIEHMOBANUX DilieHb.
Ocobnugy ysazy npuoileHo mMooensm OulemMu 8 ‘s3Hsi, NOGMOPIOSAHUM OULEMHUM [2DAM, i2pam i3 CYCRilbHUMU daazamu,
modenam Stag Hunt, ounamiunum izpam ma bezuymuum oyenam. Ilpoananizoeani nimepamypHti Oxcepena c8iouams, ujo
pe3yrbmamu eKoa02iuHOi OIANIbHOCMI 3HAYHOK MIPOI0 3A1edcaAmb 8I0 CUCMeM CINUMYIIOBAHHS, MeXAHI3MI8 cnignpayi,
penymayiunux egpekmig i ceoeuacHocmi empyuans. AKuio mpaouyitini Memoou OYiHIOBAHHSA 6NIUBY HA 006KILIA 30Ce-
Pe0dCYIombCs NePesadCHO HA MEXHIYHUX MA eKOHOMIYHUX ACNeKmax, mo meopemuko-ieposi nioxoou be3nocepeonbo
8pAxo8yOMb KOHPAIKMU iHmMepecié i aoanmuery nosedinky 3ayikasnenux cmopin. Ilposedenuili ananiz oae niocmagu
egadcamu, wo iHmezpayis eoMOYIUHOI meopii i2op, NOBMOPIBAHUX [20p, MOOeell YaCO8UX PilieHb HA OCHO8I De3uly-
MHUX Oyenell ma 6aeamoazenmno2o IMIMayitinoeo Mooenoeanis 30amua 3a0e3neqyumu nepcnekmueti iHcmpymeHmu
RIOMPUMKYU RPUUHAMMA PilUeHb 0l CIMAI020 MICbKO20 MaA NPOMUCTIOB020 POZGUMIKY.

KoaiouoBi ciioBa: 0XopoHa JOBKIUIS, CTaMid PO3BUTOK, IIPOMUCIOBHUH PO3BUTOK, TEOPIs irop.

Abstract

Construction and industrial development contribute substantially to economic growth but often generate
environmental challenges affecting nearby ecosystems and communities. Effective environmental management requires
balancing economic objectives with ecological sustainability while accounting for the strategic interactions among
multiple stakeholders. So, major environmental problems associated with construction and industrial development sites
are reviewed. The applicability of game-theoretic approaches to environmental decision making is examined.
Particular attention is paid to Prisoner’s Dilemma models, iterated dilemma games, public goods games, Stag Hunt
models, dynamic games, and silent duel models. The reviewed literature indicates that environmental outcomes are
strongly influenced by incentives, cooperation mechanisms, reputation effects, and the timing of interventions. While
traditional environmental assessment methods focus primarily on technical and economic aspects, game-theoretic
frameworks explicitly incorporate conflicts of interest and adaptive stakeholder behavior. The analysis suggests that
integrating evolutionary game theory, repeated games, silent-duel timing models, and multi-agent simulation must
provide promising decision-support tools for sustainable urban and industrial development.
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Introduction

Urbanization and industrial development are among the main drivers of economic growth in modern
societies. The construction of high-rise residential buildings, shopping malls, industrial facilities,
warehouses, and transportation infrastructure creates employment opportunities, improves public services,
and contributes to regional development. However, these benefits are often accompanied by significant
environmental impacts affecting nearby ecosystems and local communities [1, 2].

The environmental consequences of construction and industrial expansion may persist long after project
completion. In many cases, the interests of developers, investors, local authorities, environmental agencies,
and residents are not fully aligned and satisfied. Developers typically seek to minimize costs and complete
projects as efficiently as possible, whereas environmental organizations and local communities may
prioritize ecological preservation and public health. As a result, environmental management frequently



becomes a problem of strategic interaction among multiple stakeholders [3, 4].

This situation makes game theory a natural analytical framework. Rather than assuming that all
participants pursue a common objective, game-theoretic models explicitly account for conflicts of interest,
cooperation opportunities, competition, uncertainty, and long-term strategic behavior [5-10]. Therefore, the
purpose of this paper is to review major modern environmental challenges associated with construction and
industrial development and to discuss how various state-of-the-art game-theoretic approaches can be applied
to support environmentally sustainable decision making [11-15].

Methods

The present study presents a conceptual-review approach. First, major environmental problems associated
with construction and industrial development are identified. Second, existing environmental management
approaches are briefly discussed. Finally, these problems are mapped to game-theoretic models capable of
representing interactions among stakeholders.

Environmental problems near development sites

Construction and industrial activities influence both natural ecosystems and human populations. The most
frequently reported environmental concerns include [1, 16, 17]:

1) deterioration of air quality due to dust and emissions;

2) increased noise levels from machinery and transportation;

3) contamination of soil and groundwater;

4) loss of vegetation and green spaces;

5) habitat fragmentation and biodiversity reduction;

6) increased waste generation;

7) traffic congestion and associated emissions;

8) long-term modification of landscapes and local ecosystems.

These effects rarely originate from a single source. Instead, they emerge from the combined actions of
multiple stakeholders whose objectives only partially overlap.

Existing environmental management approaches

A variety of methods have been developed to assess and mitigate environmental impacts. The most
common approaches include [1, 2, 18, 19]:

1) Environmental Impact Assessment (EIA) [1];

2) sustainability assessment frameworks;

3) life-cycle assessment;

4) environmental risk analysis;

5) multi-criteria decision-making methods;

6) cost-benefit analysis.

These approaches provide valuable information regarding environmental consequences and possible
mitigation measures. Nevertheless, they often treat stakeholder behavior as fixed or externally determined. In
reality, stakeholders continuously adapt their actions in response to the decisions of others. This limitation
motivates the use of game-theoretic models.

Why game theory?

Game theory is particularly suitable because environmental protection often involves strategic choices.
For example, a developer may decide whether to invest in pollution-control technologies, while regulators
determine inspection intensity and local communities decide whether to support or oppose a project. The
resulting outcomes depend not only on individual decisions but also on how those decisions interact.
Consequently, environmental management can often be interpreted as a game involving cooperation,
competition, negotiation, or timing decisions.

Prisoner’s Dilemma and environmental compliance
One of the most widely used game-theoretic models in environmental studies is the Prisoner’s Dilemma



[4, 5, 7, 20-26]. The model captures situations in which all participants would benefit from environmental
protection, yet each participant has an incentive to avoid the associated costs. For example, neighboring
industrial facilities may collectively benefit from reducing emissions. However, each facility may prefer that
others bear the costs of environmental improvements while it continues to operate without additional
expenditures [12, 13]. Research based on Prisoner’s Dilemma models frequently demonstrates that:

1) short-term incentives encourage environmentally harmful behavior;

2) collective welfare is maximized through cooperation;

3) voluntary cooperation is often difficult to sustain;

4) institutional incentives can improve environmental outcomes.

Iterated Dilemma games and long-term sustainability

Many environmental interactions are not isolated events but repeated encounters occurring over years or
even decades. Examples include recurring environmental inspections, repeated construction projects, and
long-term industrial operations. Iterated dilemma games extend the analysis by allowing participants to learn
from previous interactions [20, 23, 24, 27]. Studies based on repeated games indicate that:

1) reputation becomes important;

2) cooperative behavior becomes more attractive;

3) trust may gradually emerge;

4) long-term environmental performance improves.

These findings are particularly relevant for urban regions where developers, regulators, and contractors
repeatedly interact across multiple projects. The approach of optimizing their interrelationships is a hardly
realizable because even formalization of such a problem is difficult.

Public goods games and shared environmental resources

Environmental quality is often a shared resource. Clean air, green spaces, rivers, and groundwater
systems benefit all stakeholders regardless of who finances their protection. Public goods games have
therefore been extensively applied to environmental problems involving [4, 28]:

1) pollution reduction;

2) urban greening initiatives;

3) watershed protection;

4) biodiversity conservation.

A recurring challenge identified in these studies is free-riding, where some stakeholders benefit from
environmental improvements without contributing to their costs.

Stag Hunt models and collective environmental action

Some environmental initiatives produce substantial benefits only if many stakeholders participate
simultaneously. Examples include regional recycling programs, coordinated ecosystem restoration, and
large-scale pollution-control projects. Stag Hunt models [29] demonstrate that environmental cooperation
may be beneficial for everyone but remains difficult to achieve because participants fear that others may not
cooperate.

Dynamic games and environmental evolution

Environmental systems evolve continuously over time. Pollution accumulates, ecosystems recover
gradually, and environmental interventions may produce delayed effects. Dynamic and differential game
models [30] are particularly useful for studying:

1) air pollution trajectories;

2) groundwater contamination;

3) ecosystem restoration processes;

4) long-term sustainability policies.

Such models help identify strategies that remain effective over extended planning horizons.

Silent duel models and timing of environmental actions
Among less frequently applied approaches, silent duel models [8, 31-36] offer interesting opportunities



for environmental analysis. Many environmental decisions involve uncertainty regarding the timing of
interventions. Stakeholders often face questions such as:

1. When should pollution-control equipment be installed?

2. When should ecological restoration begin?

3. When should regulators intervene?

4. When should environmental monitoring be intensified?

Silent duel models explicitly incorporate timing decisions and the risks associated with acting too early or
too late. This feature makes them particularly attractive for studying environmental management around
large construction and industrial projects.

Discussion

The reviewed approaches demonstrate that environmental protection is not merely a technical problem
but also a strategic one. Many environmental difficulties arise because individually rational actions do not
necessarily lead to socially desirable outcomes.

Several common patterns emerge from the literature. First, environmental cooperation generally produces
better long-term outcomes than purely self-interested behavior. Second, repeated interactions tend to
strengthen cooperation through reputation and reciprocity mechanisms. Third, incentive structures often play
a more important role than punitive measures alone. Finally, the timing of environmental actions may
significantly influence both economic and ecological outcomes.

Among the reviewed models, Prisoner’s Dilemma and public goods games remain the most established
frameworks. However, emerging opportunities exist for integrating these traditional approaches with silent-
duel models and evolutionary game theory [5]. A promising future direction is the development of integrated
simulation environments combining:

1) repeated dilemma games;

2) evolutionary adaptation;

3) silent-duel timing decisions;

4) multi-agent stakeholder interactions;

5) environmental impact models.

Such systems could support planners and policymakers in evaluating alternative development scenarios
before project implementation.

Conclusions

Construction and industrial development generate substantial environmental challenges that require
balancing economic objectives with ecological sustainability. Traditional environmental assessment methods
provide valuable information but often overlook the strategic behavior of stakeholders. Game-theoretic
approaches offer a complementary perspective by explicitly modeling cooperation, competition, incentives,
and timing decisions. Existing research demonstrates the usefulness of Prisoner’s Dilemma models, public
goods games, Stag Hunt games, and dynamic environmental games for understanding environmental
conflicts. Particularly promising is the application of silent-duel models to environmental management
problems involving uncertain intervention timing. By combining timing analysis with traditional cooperation
models, future research may provide more realistic decision-support tools for sustainable urban and
industrial development.
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