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1. Introduction

 Agriculture land allocation is one of the most important aspects in the
Agriculture and Rural Development Planning.

 Land allocation exercise is based on land use suitability evaluations (FAO,
1976; 1993a;1993b; 1995).

 Results of land suitability as presented in table:
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1. Introduction (cont.)

 LMU is an area of land whose characteristic is homogeneous.

 LUT: Land Use Type

 Sij represents suitability level of an LMUi for a certain LUTj

 LUS: LUT is applied for a certain LMU

 Xij: the area of LUSij

 IF Sij of LUSij is “not suitable” THEN Xij =0

 Valij: input or output values corresponding to a LUSij
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1. Introduction (cont.)

 The question is each particular LUS should occupy  how much area, so that 
the total Land Use in a study area will require:
 The least production cost, 
 Deliver highest production output, 
 Meet employment required for local community,
 Minimize  negative environmental effect. 

 Thus, agriculture land use allocation is a multi objective optimization
problem, which can be solved using different approaches:
 Single Objective Approach
 Multi Objective Approach.
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1. Introduction (cont.)

 Single Objective Approach: the linear programming model has 
been applied.

 The most important objective is optimized

 The remaining objectives are treated as constraint conditions

 Burke and Kendal in their study (2005) observed that in several cases,
this approach did not lead to feasible solution.
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1. Introduction (cont.)

 Multi Objective Approach: Multi-Objective Linear Programing (MOLP) has
also been applied.

 This approach treats the multi-objective problem by converting it into
single objective optimization, by introducing a set of objective weights
(F.B. Abdelaziz, 2007).

 Note that decision makers can not determine a satisficing vector of
weight right from the beginning.

 Instead they will interact with the model, modifying the weight vector
step by step, until a suitable alternative is established. Therefore, this
approach is called interactive method.
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1. Introduction (cont.)

 Multi Objective Approach (cont.)
 Different objectives are measured in different measurement units. … 

 To overcome this challenge, objectives are represented in a fuzzy form in which each 
objective function takes a value between 0 to 1. 

 Each objective function indicates the satisfaction of decision maker towards the respective 
objective. 

 All of objectives have never become satisfactory, so Trade-off rates between the
objectives (some satisfying and some sacrificing = satisficing ).

 The fuzzy form is closer to intuitive thinking of decision makers, and therefore it is easier 
for them to select alternatives.  

 The interactive method used in conjunction with fuzzy objectives is called interactive fuzzy 
satisficing method. 

 According to Sakawa (2003), this method is very suitable for MOLP problem.
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2. Algorithm of 
interactive fuzzy satisficing method

2.1. Introduction of MOLP: The MOLP is described as follows

 The objective function: Max (Min) Z(x) = (Z1(x), Z2(x),… Zk(x))T

 Subject to: x  D ={x Rn | Ax ≤ B, x≥ 0}

 In which : 
 Zi(x) are objectives, Zi(x) = Cix ; Ci = (Ci1, Ci2,…, Cin)T , i=1,2,…,k ;  
 A is a matrix m x n; 
 B is a matrix 1x m; 
 D is a set of constraints.
 x are decision variables (area of LUS).
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2.2. The Algorithm of
Interactive fuzzy satisficing method

Begin

Solve individual
Objective function, X D

Calculate: Z1,…Zk 

Elicit µ1(Z1),…,µk(Zk)

Determine weight [w]
u = w1µ1(Z1)+…+wkµk(Zk)

DM’s satisfied ?
No

End

Yes Sources: [M.Sakawa, 
1981, 1982, 1984, 2003]
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3. Application:

 Studied area is Bao Lam Dist. –Lam Dong prov.- The 
central highland of Vietnam

Bao Lam Dist.
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Actual land use

 There are five major Land use 
types (LUT):

 LUT1: Annual crop, 
 LUT2: Mulberry,
 LUT3: Coffee, 
 LUT4: Tea, 
 LUT5: Fruit trees.

 5 LUTs were evaluated for land 
use planning

Actual land use map
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Land Mapping Unit  
LMU: LQ/LC,…(3)Expert

GIS DataBase
Land Resources

Land Use Map (1)

Selected LUTs (2)

LUR of LUTs  (4) ALES

Matrix result of Land 
suitability analysis (5)

GIS

Document worksheet

GIS
Overlay

Suitability map

Integrated ALES and GIS model for Land Suitability Analysis

Step 1:

Land Suitability Analysis

[Adapted from 
FAO, 1976]

ALES: Automated 
Land Evaluation 
System
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The result of land suitability analysis model

Land Mapping Unit Land Suitability Map
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Land suitability

S1: Highly Suitable; S2: Moderately Suitable; 
S3: Marginally Suitable; N: Not Suitable
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Step 2: 
Formulate a MOLP model for land allocation 

 Bao Lam three issues have to be taken into considerations: 
 Increasing economic value, 
 Creating more agriculture works, 
 Reducing negative environmental impact

 These considerations are converted into four objectives: 
 Maximize gross output (Z1), 
 Minimize cultivation cost (Z2), 
 Maximize labor requirement (Z3), 
 Maximize land cover in order to reduce soil erosion (Z4).

 From these requirements, the MOLP is formulated as follows:
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Step 2:
(1) Establish objective functions:

The parameters:
 Pij is the gross output/ha of LUTj at suitability zone i,
 Cij is the cost for cultivating/ha of LUTj at suitability zone i,
 Lij is the labor requirement/ha of LUTj at suitability zone i,
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Step 2:
(1) Establish objective functions (conti...):

Matrix of decision variable
X[i,j]; i=9, j=5:

Decision variable (Xij):
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Step 2:
(1) Establish objective functions (conti...)

The Objective functions:

 Maximize gross output objective (Z1):

 Minimize cultivation cost objective (Z2):

 Maximize employment objective (Z3):

 Maximize land cover objective (Z4): 
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Step 2:
(2) Establish resources constraints functions:

 Total of zon 1 ≤ 8,038ha; ….(show on table as below)
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Step 3: Solve the MOLP 
following the algorithm of interactive fuzzy satisficing

(i) Run the linear programming for each objective function to determine its respective 
membership function:
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Step 3: Solve the MOLP (conti.)

(ii) Determine priority level of each objective function:

 Often, decision makers change the set of weights of objective
functions until they arrive at an satisfaction set.

 In cases where decision makers can not decide a desired set of
weights, the Analytical Hierarchy Process technique (Satty,
1980) can be applied to support decision makers.
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Step 3: Solve the MOLP (conti.)

(iii). Establish an aggregated objective function: 

(**) problem is a Linear Programming which can be solved easily
by LINGO software
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Step 3: Solve the MOLP (conti.)

(iv) Solve the problem
 There are two scenarios to be considered:

 Scenario 1 (Most preferred): Economic > Social > Environment
 Scenario 2: Economic > Environment > Social 

 The principle to determine a set of weights is defined as follows
 For scenario 1: w1 ≥ w2 ≥ w3 ≥ w4
 For scenario 2: w1 ≥ w2  ≥ w4 ≥ w3

 W1, w2, w3, w4 ≥ 0. 
 Balance of weights: w1 = w2 = w3 = w4= 0.25, 
 The others: The value of  each w will be changed by λ=0.1. 
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Alternative 10 is the most satisfied alternative and is selected 
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Specific land allocation following alternative 10 are given in table:
Zon 9: 81,161ha; 
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Land use planning
Land Use Proposal Map Land Use Planning Map
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4. Conclusion

 To determine best agriculture land distribution for a studied area, an
integrated model method is introduced.
 GIS is used to create suitability input data for a multi objective linear

programming,
 LINGO is used to solve linear planning problems,
 AHP to determine relevant set of weights of the considered objectives.
 The multi-objective problem is converted into a linear programming problem by

using the algorithm of interactive fuzzy satisficing method.

 To obtain all possible solutions of an MOLP problem will take a lot of time. The
interactive fuzzy satisficing method allows decision makers to interact with the
model, the most satisfied solution could be obtained much quicker, in some
cases, just after few iterations of the process.
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4. Conclusion (cont.)

 The integrated method enables direct interactions with decision makers in
the process of determining the best desirable set of relative weights of the
considered objectives.
 In this way, development viewpoint of the government as well as preference of

local farmers are taken into consideration.
 As a result of this, the land distribution solution obtained from the model was

very well received by the decision makers of the studied district, which in turn
will guarantee the application of the solution.

 GIS is a useful technique for spatial analysis including building land
resources database, analyzing land suitability and visually supporting
decision makers in land distribution.

 Integration of the Fuzzy MOLP with GIS supports decision makers to
generate several good options that meet multiple objectives in land
distributing, before arriving at the best option that most satisfied the
decision makers.
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