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1. Brief summary: 

The objective of the thesis is to build the model for processing and providing 

information to support agricultural land-use planning. The dissertation studied the 

construction of simulation models integrated planning for sustainable management 

of land resources (FAO/UNEP, 1999a) with the land resources evaluation by FAO 

(2007). The integrated model consists of four sub-models: (i) Model of 

determination of indicators in sustainable land management, (ii) Fuzzy GIS model 

for evaluating sustainable land management, (iii) Model of fuzzy multi-objective 

linear programming (FMOLP) in the identified areas of optimal land-use planning, 

(iv) Cellular Automata (CA) model in the spatial allocation of land use plans. 

Process as follows:  

The first, the model (i) is applied to select indicators in the sustainable land 

management for sustainable land-use suitability analysis. The second, model (ii) is 

used to evaluate the suitability of sustainable land-use, in which the method of  

fuzzy AHP in group decision making (FAHP-GDM) is applied to calculate the 

weight of indicators; the thematic layers are united in GIS environment by using 

fuzzy algorithm of Lukasiwicz; the output data of this model is a proposed map of 

sustainable land-use with attribute data as a matrix of land suitability. The third, 

based on the output data of model (ii),  the model (iii) is formulated by using  each 

decision variable for a land use system (LUS),  and this optimization model is solved 

by the fuzzy interactive satisficing method (Sakawa, 2002) with a new computer 

program is developed in environment of Lingo 11.0, the output data of this model is 

the optimal area of land-use plans. Finally, model (iv) imports the results of the 

optimal area of land use types (LUT) (the output data of the model iii), and 

compares with suitable maps and land-use development requirements for spatial 

allocation of land-use, in which the total area of each LUT to meet fully the total 

area of this LUT of which is determined in the model (iii). On that basis, develop 

new software SALUP linked to model (ii), (iii) and (iv) that may interacts with 

decision makers in the spatial allocation of the land-use plans. 

The integrated model of this research has been validated with the sample data set of 

Lam Dong province. Result of this model is the agricultural land use planning in 

accordance with the directions of local development and more sustainable than that 

of province. Using this model in the planning of agricultural land use will save time, 

quick response to requests to provide the prompt information, reduce cost and 
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improve labor productivity. In the future, this model can be also expanded to the rest 

of provinces in the country. 

2. Contributions of the dissertation: 

(1). The integration of FESLM (FAO, 1993b) and DPSIR (EEA, 1999), which has 

been promoting the strengths of each model. Therefore, the integrated model just 

shows the attribute of sustainable land management, just to show causal relation 

between these indicators. This model supports to identify the causal indicators, 

which control indicators that cause to bring the aspiration results. This is the 

contribution of the thesis.  

(2). After selecting the indicators of sustainable, carrying out sensitivity analysis of 

the indicators, the results help decision-makers (DM) insightful understanding of 

the indicators, and to recognize quickly what factors are more important, that 

make the result output change, so they need attention in the research process as 

well as decision-making. This helps reduce the cost of survey data collection and 

improve efficiency in the decision making process. 

(3). Building a new fuzzy GIS model for evaluating sustainable land management, 

that is modeled based on knowledge of FAO (1976, 1993b, 2007). In which, 

using fuzzy AHP in group decision making (FAHP-GDM) to calculate the 

weights of the indicators, so that should be limited to subjective and enlisted the 

knowledge of many experts; The layers information in GIS are united by fuzzy 

algorithm of Lukasiwicz which do not omit the information, reducing errors and 

extend the development area for agricultural production (this is very relevant in 

the context of scarce land resources such as nowadays), and simulate the suitable 

land-use function continuously (close to the thinking of the people). On the other 

hand, this model simulates the  function of suitable land-use continuously (close 

to the thinking of the people), so it supports DM better in choosing land for 

cultivation of land use types. 

(4). Comparison and evaluation the model of integrated GIS and different methods 

of land-use suitability analysis: (i) GIS and the maximum limiting factor (FAO, 

1976), (ii) GIS and multi-criteria evaluation (using FAHP-GDM for calculating 

the weights), (iii) fuzzy GIS with Max algorithm (iv) fuzzy GIS wiht algorithm 

of Lukasiewicz. These models are applied to evaluate land on the same set of 

data samples of Lam Dong province. After that, these models are evaluated for 

strengths and weaknesses (both on theoretical grounds and quality of outputs), 

then the method which is appropriate to each specific case studies is selected. On 

that basis, the fuzzy GIS with algorithms of Lukasiewicz is proposed to evaluate 

suitable land-use in its current condition.  
(5). The new model of fuzzy multi-objective linear programming (FMOLP) in the 

identified areas of optimal land-use planning was built: Based on the proposed 

map for sustainable land use, the FMOLP model is  formulated with each 

decision variable is a LUS, which is basically better than previous researches. 

FMOLP is solved by fuzzy interactive satisficing method (Sakawa, 2002) with a 

new computer program is developed in environment of LINGO 11.0. In 

particular, the views of local development as well as the desire of the authorities 

and beneficiaries of land use are input into the model through changes in level of 
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priority objectives. Therefore, the results of land use allocation is appropriate for 

practical conditions and development orientation of the locality. The output of 

this model is the optimal area of land use plan (input data model CA). 

(6). To build a new cellular automata (CA) model in the spatial allocation of land use 

plans. Specially, this research has developed the algorithms of transition rules of 

CA that are appropriate for spatial allocation of land use plans with specific 

conditions in Vietnam (softwares in the world have been not met). This is the 

outstanding contribution of this thesis. 

(7). In this research, a new sofware (SALUP) is developed to automate the spatial 

allocation of the optimal alternative of land-use plan (automatic zoning map). 

SALUP is linked to the FMOLP model  (to define optimal area of land use 

plans) and fuzzy GIS model (to assess sustainable land management) and 

interact with decision-makers in the  process of spatial allocation of land use 

plans. The input data is land resources characteristic and the requirements of 

social economic development, the output data is a map and data of planning of 

agricultural land use. SALUP is a really useful tool in the agricultural land-use 

planning and also in land-use planning. 

 

3. Recommendation for future work: 

From the results of the thesis, some issues should be studied further as follows: 

+ The first problem: The integrated model (built in this thesis) should studied to 

upgrade to a spatial decision support system (SDSS) for agricultural land-use 

planning, that need to do some works: (i) components are linked together into a 

complete system, (ii) Graphic user interface is upgraded  to become friendly and 

more convenient, so users who are less knowledgeable professional can operate the 

program, (iii) a knowledge system is built and embedded in systems to solve the 

problem of unstructured or semi-complex structure, (iv) to enlist the opinions of all 

objects of land-use in decision-making process, the SDSS is designed on internet 

and added a module FAHP-GDM into system. 

+ The second problem: The sub-models should be modernize continuously by 

designing the integrated model of artificial neural network and fuzzy logic (Fuzzy 

Neural Network-FNN) for solving these sub-models; On the other hand, the model 

of fuzzy multi-objective linear programming (FMOLP) may be solved by other 

modern methods that is often used in information technology, such as: Genetic 

Algorithm (GA), Simulation Annealing  (SA), artificial neural network (ANN), 

FNN,..... 

 

Scientific Advisor 1 Scientific Advisor 2 PhD candidate 

   

   

   

   

Dr. Tran Trong Duc Dr. Tao Quoc Tuan Le Canh Dinh 

 


