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1. Decision Variables

2. Objective Functions

3. Constraints

4. Non-dominated Solutions

5. Pareto Front
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1. Classical / Deterministic Methods
2. Multi-Objective Linear Programming - MOLP
3. Goal Programming - GP

4. Weighted Sum Method

5. Metaheuristic / Evolutionary Algorithms

6. Genetic Algorithm - GA

7. Particle Swarm Optimization - PSO

8. Ant Colony Optimization - ACO

9. Simulated Annealing - SA

10. Differential Evolution - DE

11. Land Change Modeler - LCM
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Multi-objective
optimization methods

Classical
methods

— Linear programming
— Goal programming

— Weighting method

Meta-heuristic

algorithms

Integration with
spatial data and
simulation models

Genetic algorithm

Particle swarm
optimization

Ant colony

Simulated annealing

Differential
evolution
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1. Future Land Use Simulation - FLUS
2. Patch-generating Land Use Simulation - PLUS
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2. Mixed-Integer Linear Programming — MILP
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1. System Dynamics — SD
2. Cellular Automata — CA
3. Artificial Neural Networks — ANN

4. Self-adaptive inertia and competition
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Abstract

Land-use management in watersheds has an inherently multi-objective nature due to the
presence of conflicting goals, ecological constraints, and socio-economic pressures, and
decision-making in this field requires the use of scientific and data-driven methods. This report,
with the aim of providing an analytical and systematic review, examines the three main
categories of multi-objective optimization methods—including classical models, metaheuristic
algorithms, and hybrid approaches—and analyzes the application of each in land-use planning.
In the first part, the fundamental concepts and the necessity of employing multi-objective
approaches in watershed management are explained, and the role of decision variables,
objective functions, and environmental constraints in shaping optimization models is clarified.
Subsequently, algorithms such as GA and NSGA-II are introduced as powerful tools for
exploring complex solution spaces and generating the Pareto front, and their strengths and
limitations are examined based on domestic and international case studies. Furthermore, hybrid
models based on integrating evolutionary algorithms with land-use change simulation models
such as FLUS and PLUS are introduced, and their capabilities in scenario development,
ecological impact assessment, and sustainable development analysis are described. The report’s
conclusion indicates that classical methods are suitable for simpler problems and limited data,
metaheuristic algorithms have higher efficiency for real-world cases with multiple conflicting
objectives, and hybrid frameworks serve as advanced tools for strategic planning and future
simulation. This analysis can provide a practical foundation for selecting an appropriate
optimization method in land management, land-use allocation, and watershed spatial planning

projects in the country.

Keywords: Genetic Algorithm (GA), Land use allocation, MOLA model, Multi-objective
optimization, NSGA-IIL.
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