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Анотація 

Будівництво та промисловий розвиток істотно сприяють економічному зростанню, проте часто поро-

джують екологічні проблеми, які впливають на прилеглі екосистеми та місцеві громади. Ефективне управління 

довкіллям вимагає досягнення балансу між економічними цілями та екологічною стійкістю з урахуванням 

стратегічних взаємодій між численними зацікавленими сторонами. У зв’язку з цим здійснено огляд основних 

екологічних проблем, пов’язаних із будівельними майданчиками та об’єктами промислового розвитку. Дослі-

джено можливості застосування теоретико-ігрових підходів до прийняття екологічно орієнтованих рішень. 

Особливу увагу приділено моделям дилеми в’язня, повторюваним дилемним іграм, іграм із суспільними благами, 

моделям Stag Hunt, динамічним іграм та безшумним дуелям. Проаналізовані літературні джерела свідчать, що 

результати екологічної діяльності значною мірою залежать від систем стимулювання, механізмів співпраці, 

репутаційних ефектів і своєчасності втручань. Якщо традиційні методи оцінювання впливу на довкілля зосе-

реджуються переважно на технічних та економічних аспектах, то теоретико-ігрові підходи безпосередньо 

враховують конфлікти інтересів і адаптивну поведінку зацікавлених сторін. Проведений аналіз дає підстави 

вважати, що інтеграція еволюційної теорії ігор, повторюваних ігор, моделей часових рішень на основі безшу-

мних дуелей та багатоагентного імітаційного моделювання здатна забезпечити перспективні інструменти 

підтримки прийняття рішень для сталого міського та промислового розвитку. 

Ключові слова: охорона довкілля, сталий розвиток, промисловий розвиток, теорія ігор. 

 
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. 

Keywords: environmental protection, sustainable development, industrial development, game theory. 

 

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 
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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 
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[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 
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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. 

 

REFERENCES 

1. Glasson J., Therivel R. Introduction to Environmental Impact Assessment. 5th ed. Routledge, 2019. 

2. Kibert C. J. Sustainable Construction: Green Building Design and Delivery. 5th ed. Wiley, 2022. 

3. Freeman R. E. Strategic Management: A Stakeholder Approach. Cambridge University Press, 1984. 

4. Ostrom E. Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge University Press, 1990. 

5. Weibull J. W. Evolutionary Game Theory. MIT Press, 1997. 

6. Matsumoto A., Szidarovszky F. Game Theory and Its Applications. Springer Singapore, 2025. 

7. McEachern A. Game Theory: A Classical Introduction, Mathematical Games, and the Tournament, in: Synthesis Lectures on 

Games and Computational Intelligence. Springer Cham, Springer Nature Switzerland, 2022. 

8. Romanuke V. V. Discrete noiseless duel with a skewsymmetric payoff function on the unit square for models of 

socioeconomic competitive processes with a finite number of pure strategies. Cybernetics and Systems Analysis, 2011, vol. 47, iss. 

23, pp. 818–826. 



  

5 

9. Romanuke V. V. Determination of the optimal pure strategies subset as the latent predominance set in some matrix games. 

Scientific Papers of Donetsk National Technical University. “Informatics, Cybernetics and Computer Science”, 2009, vol. 10 (153), 

pp. 46–53. 

10. Romanuke V. V. A program function representation for implementing the method of practicing the optimal mixed strategy 

with innumerable spectrum by unknown number of plays. Optoelectronic Information-Power Technologies, 2010, no. 1 (19), pp. 28–

37. 

11. Hanley N., Shogren J. F., White B. Environmental Economics in Theory and Practice. Red Globe Press London, 1997. 

12. Romanuke V. V. Environment guard model as dyadic three-person game with the generalized fine for the reservoir pollution. 

Екологічна безпека та природокористування, 2010, вип. 6, с. 77–94. 

13. Romanuke V. V. Ecological-economic balance in fining environmental pollution subjects by a dyadic 3-person game model. 

Applied Ecology and Environmental Research, 2019, vol. 17, no. 2, pp. 1451–1474. 

14. Romanov A. Y., Malaksiano M. O., Romanuke V. V. Maritime cargo delivery optimization for Mediterranean region using 

ant colony algorithm. Climate Change and Water Resources in Mediterranean Countries. WPMC 2023. Environmental Earth Sci-

ences. Springer, Cham, 2025, pp. 275–288. 

15. Romanuke V. V., Husak L. P. Strategic approximation of sustainable development of ecological systems and industry by ex-

pert estimations and genetic algorithm approach. Колективна монографія за матеріалами ХХІ Міжнародної науково-

практичної конференції “Інформаційно-комунікаційні технології та сталий розвиток” [“Information and communication 

technologies and sustainable development”], 14 — 16 листопада 2022 р., Київ, Україна. — Київ, Україна : ТОВ «Видавництво 

«Юстон», 2022, pp. 78–81. 

16. Shanmugam S., Palaniappan S., Aruchamy K., Krishnan R., Rangappa S., Siengchin S. 2 – Environmental concerns about the 

eco-consciousness of fibers and polymers, in: Rangappa S., Siengchin S., Leao A. L., Kozlowski R. M. (eds.). Woodhead Publishing 

Series in Composites Science and Engineering. Eco-Friendly Fiber Reinforced Polymer Composite Materials. Woodhead Publishing, 

2026, pp. 15–43. 

17. Guillot V., Assoumou E. Sustainability frontiers and environmental impact assessment of the future European power system. 

Journal of Cleaner Production, vol. 566, 2026, Article no. 148594. 

18. Fath B. D., Jorgensen S. E. Managing Global Resources and Universal Processes. 2nd ed. Routledge, 2020. 

19. Fath B. D., Jorgensen S. E. Managing Soils and Terrestrial Systems. 2nd ed. Routledge, 2021. 

20. Hilbe C., Traulsen A., Sigmund K. Partners or rivals? Strategies for the iterated prisoner’s dilemma. Games and Economic 

Behavior, 2015, vol. 92, pp. 41–52. 

21. Cheng L., Peng P., Huang P., Zhang M., Meng X., Lu W. Leveraging evolutionary game theory for cleaner production: Stra-

tegic insights for sustainable energy markets, electric vehicles, and carbon trading. Journal of Cleaner Production, 2025, Vol. 512, 

Article no. 145682. 

22. Gigerenzer G., Hertwig R., Pachur T. Heuristics: The Foundations of Adaptive Behavior. Oxford University Press, 2011. 

23. Romanuke V. V. Compliance-and-defiance dilemma game best strategy for three and four agents. Statistics, Optimization and 

Information Computing, 2025, vol. 14, no. 5, pp. 415–433. 

24. Romanuke V. V. Best strategy in multi-agent symmetric dilemma game with a fixed fine for total defiance. Journal of Math-

ematics and Applications, 2025, vol. 48, pp. 73–89. 

25. Noordman C. R., Vreeswijk G. A. W. Evolving novelty strategies for the Iterated Prisoner’s Dilemma in deceptive tourna-

ments. Theoretical Computer Science, 2019, vol. 785, pp. 1–16. 

26. Lin W., Zhang J., Yu M., Tan R. Cooperation dilemmas in construction and demolition waste recycling: From understanding 

to navigating. International Journal of Production Economics, 2025, vol. 283, Article no. 109580. 

27. Axelrod R. The Complexity of Cooperation. Princeton University Press, 2011. 

28. Cornes R., Sandler T. The Theory of Externalities, Public Goods and Club Goods. Cambridge University Press, 2012. 

29. Skyrms B. The Stag Hunt and the Evolution of Social Structure. Cambridge University Press, 2003. 

30. Başar T., Olsder G. J. Dynamic Noncooperative Game Theory. 2nd ed. SIAM, 1998. 

31. Romanuke V. V. Optimal timing strategies in blockchain block proposals by one-bullet silent duels with one-third progres-

sion. Information and Telecommunication Sciences, 2025, vol. 16, no. 1, pp. 30–42. 

32. Romanuke V. V. Pure strategy saddle point in progressive discrete silent duel with quadratic accuracy functions of the play-

ers. Visnyk of the Lviv University. Series Appl. Math. and Informatics, 2023, iss. 31, pp. 75–86. 

33. Romanuke V. V. Pure strategy solutions of the progressive discrete silent duel with generalized identical quadratic accuracy 

functions. Discrete Applied Mathematics, 2024, vol. 349, pp. 215–232. 

34. Romanuke V. V. Pure strategy solutions in the progressive discrete silent duel with quadratic accuracy symmetry and shoot-

ing uniform jitter. Annals of the University of Craiova, Mathematics and Computer Science Series, 2025, vol. 52 (1), pp. 42–66. 

35. Romanuke V. V. Discrete silent duel pure strategy solutions by linear single-bullet accuracy symmetry and shooting uniform 

jitter. Journal of the Korean Society for Industrial and Applied Mathematics, 2025, vol. 29, no. 2, pp. 145–170. 

36. Reinganum J. F. Chapter 14 – The Timing of Innovation: Research, Development, and Diffusion, in: Willig R., Schmalensee 

R. (eds.). Handbook of Industrial Organization. Elsevier, North-Holland, Volume 1, 1989, pp. 849–908. 

 

Романюк Вадим Васильович — д-р техн. наук, професор, професор кафедри інноваційної еконо-

міки та цифрових технологій, Вінницький торговельно-економічний інститут Державного торговель-

но-економічного університету, Вінниця, Email: romanukevadimv@gmail.com 

 

Romanuke Vadim Vasylyovych — Doctor of Technical Sciences, Professor, Professor of the Department 

of Innovative Economics and Digital Technologies, Vinnytsia Institute of Trade and Economics of State 

University of Trade and Economics, Vinnytsia, Email: romanukevadimv@gmail.com 


