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Abstract

The conservation and restoration of wetlands are essential tasks for the sustainable development of human society
and the environment, providing vital benefits such as biodiversity maintenance, natural disaster mitigation, and
climate change alleviation. This study aims to analyze the strategic interactions and interests among various
stakeholders using game theory and to provide significant grounds for policy decisions related to wetland restoration
and development. In this study, hypothetical scenarios were set up for three types of cities: large, medium, and small.
Stakeholders such as governments, development companies, environmental groups, and local residents were
identified. Strategic options for each stakeholder were developed, and a payoff matrix was established through
discussions among wetland ecology experts. Subsequently, non—cooperative game theory was applied to analyze Nash
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equilibria and Pareto efficiency. In large cities, strategies of “Wetland Conservation’ and ‘Eco—Friendly Development’
were found beneficial for all stakeholders. In medium cities, various strategies were identified, while in small cities,
‘Eco—Friendly Development’ emerged as the optimal solution for all parties involved. The Pareto efficiency analysis
revealed how the optimal solutions for wetland management could vary across different city types. The study
highlighted the importance of wetland conservation, eco—friendly development, and wetland restoration projects for
each city type. Accordingly, policymakers should establish regulations and incentives that harmonize environmental
protection and urban development and consider programs that promote community participation. Understanding
the roles and strategies of stakeholders and the advantages and disadvantages of each strategy is crucial for making

more effective policy decisions.
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al., 2013; Sterling et al., 2017; Law et al., 2018). thst
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Z3;ct. W4l +¥ (Nash equilibrium), THHE &4
(Pareto efficiency), AHP (Analytic Hierarchy Process) &
= A ol29] Y MES &85 7 oA a8
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Table 1. Stakeholder interests and objectives by city size.

City Stakeholder Interests and Objectives
Government Sustainable urban development and environmental quality improvement
) Development Company | Maximizing profit while ensuring sustainable development
Large city - - — - -
Environmental Group Promoting biodiversity and environmental education
Local Residents Improving quality of life, securing recreational spaces, increasing property value
Government Sustainable economic development and preservation of cultural and natural heritage
) ) Development Company | Generating profits suitable for the local market, emphasizing community cooperation
Medium city - - - ——
Environmental Group Protecting local ecosystems and enhancing biodiversity
Local Residents Advancing local economy, improving quality of life, creating employment opportunities
Government Enhancing quality of life in the community, supporting small-scale businesses
Maintaining close community relations, participating in wetland restoration and creation
Development Company .
) projects
Small city - — - - -
Environmental Group Prioritizing local natural environment protection, wetland restoration
. Advancing local economy, harmonious coexistence with nature, improving communit
Local Residents nang Y P & ¥
quality of life
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AE g S 86, A9 FHE2 A9 A9
2, el A R, el 18 713 FES IRt &
SA A= A AREIE A AFE Y] 4] A AT At
I AMQA] Aol 24 2R, AR AFGRRE 29 A
3leo] 1Rt BA fA9 52 B9 2 24 AMY HoE
Z85HA st of7)of FAFTA= A9 2 37
Hool 7] BYS e BRE 41, A FUEL 7
o AA Q] T} A A BT Z25EA FESH A
o A& FEA7IA djtr

2.2, M2k My Al =2
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Rsto] DAL N SHES ABE ARG AR ¢
S A Grirt 482 FAAY Aol met WA 5
ot (Borsekova et al., 2018; Furlong & Bakker, 2011;

Paterson et al., 2017; WWT Consulting, 2018; Yi et al,,
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2.3. ElHE (payoff matrix) A Aol JgFe nAth 47 B9 AL AT e A E|
2 A7) B3 (payoff mani) HAgH] of 7P F SIHE Fol, A8 A A2 ApEsiAelA| o
3 ARIIS0] o2 Eg AR = 7Ho & G frelsht gAdAlelAE 2 2olede &t AHA A
HEIIE (dAD) o] o] s ThAIRbE o]our 2y 44 9 A HlA S A2 BE olsiiAAENA A ot d 3l
gk Mg AJaHS "rdsA] 2-ertsst Abglel ZF 2] € dES Al oA S2 BE Ak 84
Z27] BAA G x3E EARE, Avtele BAAw} gAelA 7P RS, Aq FldAle & Eolode
(Ministry of Environment, 2018; 2019a; 2019b; 2020a; ZHA2n. A9 NI 52 B9 A2 Be ofsEgA
2020b: 2021a; 2021b: 2022a; 2022b; 2023a; 2023b; A7l S8A &S Asiel, 591 57 59 A
2023c; 2023d; 2023¢; 2023f; 2023g) 5-& Hwste] B BATALE ARl W 2 FHS Frf 1EE AT A=
ZHe T2t (Table 3). 7FAFe] AFske AAGA 225 7H‘ﬂ*§4*}9} 219 FRIA o]o)& AlFsht A

B4 R B Fa Bt A9 qESAE g1 4

Foll whebr] BAqR] FEL WA
RFYEe 24 54 fYe o

A
sef. AEA Als F3 BERe Apgsidel a7
7
Ll

~ o QA AL B 2 olole AT, LEA
Z7) P Aol % oA BE A FADAA felsA, A 2
Lo mepe) ol 37 Besith 094 A A BE ojsgA

Table 2. Strategic choices of stakeholders in different city sizes.

City Stakeholder

Strategic Choices

Government

Designating protected wetland areas to limit development, promoting wetland restoration
projects through public—private partnerships, establishing eco—friendly urban planning standards

Development Company

Using eco—friendly building materials for adjacent area development, incorporating wetland
restoration as part of CSR activities, developing commercial and residential complexes near
wetlands

Large city
Environmental Group

Conducting public campaigns to raise awareness about the importance of wetlands,
lobbying policymakers for wetland protection policies, organizing volunteer programs for
wetland restoration

Local Residents

Proposing community—led projects for wetland restoration and management, exploring
local business opportunities utilizing wetlands, supporting local ordinances related to
wetland protection

Government

Developing tourism strategies utilizing wetlands, supporting environmental education programs
related to wetlands, fostering businesses centered around wetlands to strengthen the local
economy

Development Compan
Medium city P pany

Adopting low-impact development (LID) strategies around wetlands, developing tourism
and recreational facilities related to wetlands, collaborating with the community for joint
projects

Environmental Group

Hosting local events and workshops for wetland protection, proposing policies for wetland
conservation to local governments, encouraging community participation in wetland management

Local Residents

Participating in wetland restoration projects as community members, starting small—-scale
businesses related to wetlands, leading local actions for wetland conservation

Government

Creating programs to integrate wetlands into local culture, organizing volunteer groups
for wetland management and maintenance, enacting ordinances for sustainable wetland use

Development Company

Developing eco—friendly small-scale housing near wetlands, creating marketing strategies
to promote local wetlands, hosting wetland-related events in collaboration with the
community

Small city
Environmental Group

Promoting the value of wetlands through ecotourism programs, conducting environmental
conservation education for locals, undertaking research and monitoring activities for wetland
preservation

Local Residents

Proposing local ecotourism business utilizing wetlands, participating in community workshops
for wetland protection and maintenance, engaging in activities to raise awareness about
wetland conservation
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Payoff matrix + Set up payoff matrices for large, medium, and small cities.
definition - Stakeholders and strategies setup

@

AHP weight
application

@

* Calculate and apply AHP weights for each city type.

Weighted payoff | - Calculate weighted payoff matrices for each city type

matrix calculation

¥

using AHP weights.

Nash equilibrium - Find Nash Equilibria based on the weighted payoff

calculation matrices.

$

Pareto efficiency - Evaluate Pareto efficiency based on the weighted payoff

calculation matrices.

Fig. 1. Non—cooperative game theory analysis process for wetland management.
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S 0.3
‘© 0.2-
= 0.1- 02
0.0- . ‘ i k ; 0
Wetland Eco-Friendly Wetland High-Density Ecosystem Service
Conservation Development Restoration Project Development ~ Enhancement
Strategy
Medium city
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0.3
% 0.3
% 0.2-
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=01-
0.0- , ‘ : , ‘ o
Wetland Eco-Friendly Wetland High-Density Ecosystem Service
Conservation Development Restoration Project Development ~ Enhancement
Strategy
Small city
Weights
” 0.4- 04
% 05 0.3
g 0.2+ ’
o - -
0.0- i ‘ ; , ‘ G
Wetland Eco-Friendly Wetland High-Density Ecosystem Service
Conservation Development Restoration Project Development ~ Enhancement
Strategy

Fig. 2. Analytic hierarchy process analysis results for wetland management strategies in different cities of sizes.

Large city Eco-Friendly Eco-Friendly
gecity Development Development
Medium city — Eco-Friendly Eco-Friendly R\el\;?ctalraar;idon

Development Development Project
Small city - Eco-Friendly Eco-Friendly Eco-Friendly Eco-Friendly
Development Development Development Development

I I 1 1

Government Development Environmental Local

company group residents

Fig. 3. Grid map of Nash equilibria across city sizes for wetland management.

sl A1 dek
ofeAE o U2 A7t dles Y
TE olsdAA A o2 sfE .
To W E2 olsiyAIRt 7] BT FaAg-S 4ot
o= FAstaL, 7t oo yAAe] XA AS olsist=
T gL gt & AtolA dHole A= 2 W4 ++
g1 o E §84 AL Python (version 3.11.4)e=2
T on, Ao Azt R (version 4.2.2)& AHE-SH
A 713yt

Journal of Wetlands Research, Vol. 26, No. 1, 2024



16 Ciaret O|22 EAIRZOM2l &2 EMS /3 AY o2 A&
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. Government
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Fig. 4. Pareto efficiency assessments for wetland management across city sizes.
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Z31EA 55t E A=rt Hesitt (Moreno—Mateos
& Comin, 2010). 2% AF= A9 AA A& 7Hsgt
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AtdE FHof gt 2] HEW B¢ Aol A9 A

FolE FXo= TR YT vofjoRsttt (Aggestam,
2014; Scholte et al., 2016).
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