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Abstract. Land suitability evaluation has an important role in determining 
the environmental boundaries of sustainable land resource management. The 
purpose of this study is to evaluate the suitability of land use in rice 
cultivation in Magelang, Indonesia. Environmental factors such as rainfall, 
drainage, depth, pH, organic matter content, slopes, and erosion level are 
used as criteria compared to 5 alternative lands (Sawangan, Mangunsari, 
Tirtosari, Podosoko, and Kapuhan). The ELECTRE method as one of the 
multi-criteria decision-making methods chosen to solve the concept 
ambiguity problem in land suitability assessment. The result shows that the 
application of this method is quite effective for decision making so that 
alternatives are obtained that have the highest land use suitability compared 
to other alternatives for environmentally friendly rice cultivation. Finally, a 
decision support system with a web-based ELECTRE Method is presented 
to facilitate decision-makers in obtaining more accurate land suitability 
information.  

Keywords. Land suitability evaluation, sustainable land resources, 
ELECTRE method, and decision-making. 

1 Introduction 
Sustainable land resources are an important part of realizing sustainable agriculture. At 
present sustainable agriculture has urgency in improving land quality and the potential to 
increase food supply [1]. Agriculture, especially rice cultivation is a major producer of 
staples, while land degradation poses a threat to environmental sustainability. Land use 
decisions for rice cultivation can be started from the proper planning, management, and use 
of land-based on land suitability factors. Evaluation of land suitability as a recommended 
land assessment is to find out the suitability level [2].     

Land suitability evaluation as an approach to land valuation based on environmental 
factors on predetermined land [3]. To determine the suitability of land in rice cultivation, we 
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need a reliable decision support system to evaluate the suitability of land use. Several 
decision-making methods have been used for land suitability. One of them is MCDM (Multi-
criteria decision making), MCDM is divided into two namely MADM (Multi-attribute 
decision making) and MODM (Multi-object decision making). MADM technique in this case 
is chosen because it has advantages compared to MODM in ranking and pairwise 
comparisons [4]. 

Several evaluations have been carried out for land suitability using one of the methods 
from MADM such as the application of the PROMETHEE method for selecting solar power 
plant locations [5], the TOPSIS method is used in the suitability of site selection at hydrogen-
sulfide (H2S) energy plants [6], and evaluation of airport establishment based on 
environmental factors using VIKOR [7]. However, the three methods could not be stand 
alone in weighting and capture a large number of land suitability criteria. This is quite 
answered with the application of the ELECTRE method in the evaluation of land-use 
suitability [8]. 

The ELECTRE method is a multi-criteria decision making analysis method with the 
concept of outranking using pairwise comparison of alternatives based on each appropriate 
criterion [9]. The advantage of this method is that it can be applied with alternative conditions 
more than the number of criteria, so the concept of outranking relations can identify between 
two alternatives. The superiority of the ELECTRE method in the selection and elimination 
procedure based on alternative options is very precisely applied to the land suitability 
evaluation process [10]. 

There are several previous studies that use ELECTRE methods such as land suitability 
evaluation in wheat cultivation [11], evaluation of solar panel installation locations [12], 
identification of wind turbine installation locations [13], selection of the best alternatives for 
water resource allocation planning [14], decision making analysis for renewable energy 
selection [15], the ELECTRE method is applied to calculate the strength of outranking 
relationships of various power plants [16], and analysis of land-use suitability for rural 
tourism [8]. 

Based on the superiority of the method and problem-solving in previous studies, this study 
applies the ELECTRE method to evaluate the suitability of land use in rice cultivation. This 
research is to build a decision support system that helps the process of ranking the best land 
for rice cultivation based on the results of the evaluation of the suitability of land use. 
Evaluation of land-use suitability by applying the ELECTRE method will be based on 
environmental factors such as water availability, root media, nutrient retention, and erosion 
hazards. Criteria that is used in this study are the number of wet months, drainage, soil depth, 
average pH, c-organic, slope, and erosion level. 

2 Theoretical Review  
This session will explain the decision support system, land suitability evaluation, and the 
ELECTRE Method. This session will also explain how to use the methodology used in this 
study.  

2.1 Decision Support Systems  

Decision Support Systems (DSS) is a system that has ability to solve semi-structured and 
unstructured problems. DSS is also defined as computer-based information systems at the 
management level used in the decision-making process [17]. The most popular and widely 
used DSS method is Multi-criteria decision making (MCDM). MCDM has advantage of 
making decisions and producing ratings at each level of criteria and alternatives [18]. MCDM 
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technique with the ELECTRE Method is used as a web-based decision support system for 
evaluating land suitability in rice cultivation. The initial decision-making concept in MCDM 
is illustrated in a comparison matrix between alternatives and the criteria as shown in Fig. 1. 

Table 1. Pairwise comparison matrix (x). 

Alternative 
Criteria 

C1 C2 … Cn 

A1 X11 X12 …  X1n 

A2 X21 X23 … X2n 

⋮ ⋮ ⋮ ⋮ ⋮ 

Am Xm1 Xm2 … Xmn 

2.2 Land Suitability Evaluation  

Based on [3] land evaluation, it is defined as the process of assessing land resources using 
proven methods for specific purposes. So, in this study land suitability evaluation can be 
interpreted as a process of land appraisal based on criteria and land quality using the 
ELECTRE method to determine the level of land suitability for its use. The object of research 
or land use in question is rice fields with an irrigation system with rice cultivation. The criteria 
is used for evaluating land suitability consist of 7 criteria taken from the land suitability 
assessment guidelines [19].  

Table 2. Land suitability criteria for rice cultivation. 

Criteria 
Class of Suitable land 

S1 S2 S3 N 

Rainfall  
(>200 mm) 

6-8 
 

4-<6 
 

2-<4 
>8-10 

<2 
>10 

Drainage 
inhibited, 

rather 
inhibited 

rather good 
very inhibited, 
good, rather 

quick 
quick 

Soil Depth (cm) >50 40-50 25-40 <25 

pH average  5,5-7,0 
 

4,5-5,5 
7,0-8,0 

<4,5 
>0,8 - 

C-organic (%) >1,2 0,8-1,2 <0,8 - 

Slope (%) <3 3-5 5-8 >8 

Erosion level - very mild  mild moderate - 
danger 

Seven criteria (Table 2) are codified into C1-C7 and the alternative used is in the form of 
agricultural fields for rice cultivation with a total of 5 alternatives consisting of Sawangan, 
Mangunsari, Tirtosari, Podosoko, and Kapuhan which are then codified into A1-A8. Based 
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on guidance on land suitability [2, 3], the land classes are divided into 2 classes, namely the 
order S (suitable) and N (not suitable). Therefore, when an alternative has a criterion value 
in class N means it has a low match value, and vice versa when it has Class S.    

2.3 ELECTRE method  

Elimination Et choix tradusiant la realite (ELECTRE) method is one of the outranking 
methods for multi-criteria decision making. This method involves a systematic analysis 
between pairs of different alternatives from a set of evaluation criteria. Evaluations conducted 
that use the ELECTRE method will produce the best alternative ranking relationship with the 
assumption that alternative one can dominate to the other alternatives [9]. Likewise, when 
the alternatives are equally good, weights are needed for all criteria as a comparison to assess 
[20]. The steps of the ELECTRE method applied in evaluating land suitability are as follows:  

2.3.1 Normalization of the decision matrix (r) 

The ELECTRE method starts by forming a pairwise comparison of each alternative in each 
criterion (xij) as in Table 1. The value of x is obtained from a rating of values on a scale of 1-
4 adjusted to the rules of the land evaluation framework (Table 2). Reference land suitability 
class S (Suitable: S1, S2, S3) and N (Not suitable), so S1 = 4, S2 = 3, S3 = 2, and N = 1. Then 
the value of x must be normalized into a comparable scale (rij):  

𝑟𝑟#$ =
&'(

)∑ &'(
+,

'-.

       (1) 

where i = 1,2, ..., m and j = 1,2, ..., n in this case m is the number of alternatives and n is 
the number of criteria.   

2.3.2 Defining the preference table (v) 

At this stage, the decision-maker must give preference weight (w) to each criterion that 
expresses the reality (wj). 

𝑊𝑊 = (𝑤𝑤2,𝑤𝑤2, . . . , 𝑤𝑤5)      (2) 

with the determination of weights using the choice of scale 1-5. So that the total number of 
w is equal to 1 if the criterion is 1, or according to the equation 

∑ 𝑤𝑤 = 1$82          (3)    
 The weight (w) is then multiplied by the pairwise comparison matrix (x) to form the 
reference matrix (v):  

𝑣𝑣#$ = 	𝑤𝑤$. 𝑥𝑥#$        (4) 

2.3.3 Determine the Concordance dan Discordance Index 

The formation of concordance index and discordance index are done through an assessment 
of the ranking relations between alternatives. For each alternative pair Ak

 and Al with 
assumptions (k, l = 1,2,3, …, m and k ≠ 1), the set of criteria j is divided into two namely 
concordance and discordance. When a criterion in an alternative is included concordance  

𝐶𝐶=> = ?𝑗𝑗, 𝑣𝑣=$ ≥ 𝑣𝑣#$B, for j = 1,2,3,… n   (5) 

 Whereas discordance is complementary from the set with the equation 
  

𝐷𝐷=> = ?𝑗𝑗, 𝑣𝑣=$ < 𝑣𝑣#$B, for j = 1,2,3,… n   (6) 
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2.3.4 Calculating the Concordance and Discordance matrix 

Determination of the value in the concordance matrix (C) is obtained by adding up the 
weights included in the concordance subset:  

𝐶𝐶=> = 	∑ 𝑊𝑊$$∈FGH         (7) 

So the resulting concordance matrix is 

𝐶𝐶 = 	 I
− 𝑐𝑐2L 𝑐𝑐2M
𝑐𝑐L2
⋮

− 𝑐𝑐LM

𝑐𝑐N2 𝑐𝑐NL 𝑐𝑐NM

					
… 𝑐𝑐25… 𝑐𝑐L5

… −
P   (8) 

 

 Meanwhile, to calculate the discordance matrix by dividing the maximum difference 
between the criteria included in the set of discordance parts by the maximum difference in 
the value of all available:  

𝐷𝐷=> =
max	{U𝑣𝑣𝑘𝑘𝑘𝑘−𝑣𝑣𝑖𝑖𝑖𝑖U}𝑗𝑗∈𝐷𝐷𝑘𝑘
max		{U𝑣𝑣𝑘𝑘𝑘𝑘−𝑣𝑣𝑖𝑖𝑖𝑖U}∀𝑗𝑗

      (9) 

So the resulting discordance matrix is 

𝐷𝐷 =	 Z

− 𝑑𝑑2L 𝑑𝑑2M
𝑑𝑑L2
⋮

− 𝑑𝑑LM

𝑑𝑑N2 𝑑𝑑NL 𝑑𝑑NM

					
… 𝑑𝑑25
… 𝑑𝑑L5

… −
\   (10) 

2.3.5 Determine the Concordance and Discordance dominant matrix 

The concordance dominant matrix (f) can be formed by the help of a threshold value on the 
concordance matrix. Matrix f is obtained by comparing each element value of the 
concordance matrix with the threshold value. Threshold is obtained by equation 

c=
∑ ∑ 𝑐𝑐𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛=1𝑛𝑛
𝑘𝑘=1
m∗(m−1)        (11) 

Alternative Ak can have the opportunity to dominate Al, if the concordance index Ckl exceeds 
the threshold c: 

𝑓𝑓=> = 1, 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗	𝑐𝑐=> ≥ 	𝑐𝑐	𝑑𝑑𝑑𝑑𝑑𝑑	𝑓𝑓=> = 0, 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗	𝑐𝑐=> < c  (12) 

The dominant discordance matrix (d) can also be formed by the help of a threshold (d) 
for the equation: 

d=
∑ ∑ 𝑑𝑑𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛=1𝑛𝑛
𝑘𝑘=1
m∗(m−1)        (13) 

Alternative Ak can have the opportunity to dominate Al, if the concordance index Ckl exceeds 
the threshold c: 

𝑔𝑔=> = 1, 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗	𝑑𝑑=> ≥ 𝑑𝑑	𝑑𝑑𝑑𝑑𝑑𝑑	𝑔𝑔=> = 0, 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗	𝑑𝑑=> < d  (14) 

2.3.6 Determine the aggregate dominance 

The aggregate dominance matrix (e) is the multiplication of the matrix element f with the 
matrix element g, by the equation: 

𝑒𝑒=> = 𝑓𝑓=>	𝑥𝑥	𝑔𝑔=>         (15) 
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2.3.7 Elimination of less favorable alternatives  

Matrix e shows the order of alternatives that meet the criteria that are if 𝑒𝑒=> = 1 then it 
indicates that the alternative Ak is preferred over Al. So that the rows in matrix e that have the 
least number of 𝑒𝑒=> = 1 can be eliminated. Thus, the best alternative is an alternative that is 
able to dominate other alternatives.  

3 Implementation 
Implementation of the ELECTRE Method is used as decision support systems uses land 
characteristics data, soil lab test data, and respondent data from agricultural experts in 
Magelang Regency. Giving a rating value of compatibility between alternatives and criteria 
based on guidelines (Table 2) with the provisions S1 = 4, S2 = 3, S3 = 2 and N = 1. While, 
giving preference weights (w) criteria is done by experts based on the Likert scale 1-5. The 
results of the weighting criteria as in Table 3 and pairwise comparisons (x) as a reference for 
calculations use the ELECTRE method in Table 4. 

Table 3. List of Criteria Weight. 

Code Criterias Level of 
Importance Value 

C1 Rainfall Not too Important 2 

C2 Drainage Important 4 

C3 Soil Depth Quite Important 3 

C4 pH Average Very Important 5 

C5 C-organic Very Important 5 

C6 Slope Quite Important 3 

C7 Erosion Level Important 4 

Table 4. Pairwise comparison table (x). 

Code C1 C2 C3 C4 C5 C6 C7 

A1 3 3 2 4 4 4 4 

A2 3 4 2 4 4 4 3 

A3 3 3 3 4 4 4 3 

A4 3 4 2 4 4 4 2 

A5 3 2 3 4 4 3 2 

 
 The data analysis process in this study uses an Information System Framework which is 
divided into three stages, namely input, process, and output. First, the input stage is the 
process of analysis data in the form of 7 criteria and 5 alternatives. Criteria are the land using 
requirements or environmental characteristics that are used as a reference for determining 
values and decision making. First, Alternatives are strategic choices of locations or research 
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areas that are being evaluated for land suitability for rice cultivation. Second, the stage of the 
process for conducting analysis using the ELECTRE method with 7 steps. Third, the output 
is the results obtained in the form of the best ranking of the results of the alternatives between 
one another. Information from data management to the results obtained is presented in an 
application in the form of a DSS website. Each stage is interconnected in accordance with 
the flow of information system development, in full in Figure 1.   

 
Fig. 1. Information Systems Framework for DSS 

4 Result and Discussions 
Based on the value of alternative pairwise comparisons with the criteria (x) that have been 
obtained (Table 4), the first stage of land suitability evaluation using the Electron Method is 
the process of normalizing the decision matrix (r) with the results (Table 5). 

Table 5. Normalization of the decision matrix. 

Code C1 C2 C3 C4 C5 C6 C7 

A1 0.447214 0.408248 0.365148 0.447214 0.447214 0.468165 0.617213 

A2 0.447214 0.544331 0.365148 0.447214 0.447214 0.468165 0.46291 

A3 0.447214 0.408248 0.547723 0.447214 0.447214 0.468165 0.46291 

A4 0.447214 0.544331 0.365148 0.447214 0.447214 0.468165 0.308607 

A5 0.447214 0.272166 0.547723 0.447214 0.447214 0.351123 0.308607 
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After getting the value of r then the weighting process is carried out on the normalized 
matrix (v) by multiplying w by r, the results are as in Table 6. 

Table 6. Weighting of normalized matrix. 

Code C1 C2 C3 C4 C5 C6 C7 

A1 0.894428 1.632992 1.095444 2.23607 2.23607 1.404495 2.468852 

A2 0.894428 2.177324 1.095444 2.23607 2.23607 1.404495 1.85164 

A3 0.894428 1.632992 1.632992 2.23607 2.23607 1.404495 1.85164 

A4 0.894428 2.177324 1.095444 2.23607 2.23607 1.404495 1.234428 

A5 0.894428 1.088664 1.632992 2.23607 2.23607 1.053369 1.234428 

After obtaining the value of v, then determine the set of concordance and discordance 
indexes by following equation (5)(6), with the results: 

Table 7. Determine the Concordance Index. 

Code A1 A2 A3 A4 A5 

A1 - {1,3,4,5,
6,7} 

{1,2,4,5,
6,7} 

{1,3,4,5,
6,7} 

{1,2,4,5,
6,7} 

A2 {1,2,3,4,
5,6} - {1,2,4,5,

6,7} 
{1,2,3,4,
5,6,7} 

{1,2,4,5,
6,7} 

A3 {1,2,3,4,
5,6} 

{1,3,4,5,
6,7} - {1,3,4,5,

6,7} 
{1,2,3,4,
5,6,7} 

A4 {1,2,3,4,
5,6} 

{1,2,3,4,
5,6} 

{1,2,4,5,
6} - {1,2,4,5,

6,7} 

A5 {1,3,4,5} {1,3,4,5} {1,3,4,5} {1,3,4,5,
7} - 

Table 8. Determine the Discordance Index. 

Code A1 A2 A3 A4 A5 

A1 - {2} {3} {2} {3} 

A2 {7} - {3}  {3} 

A3 {7} {2} - {2}  

A4 {7} {7} {3,7} - {3} 

A5 {2,6,7} {2,6,7} {2,6,7} {2,6} - 

After knowing Ckl and Dkl, the next step is to form a concordance and discordance matrix 
by following equation (7)(9) which results in Table 9 and Table 10. 
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After getting the value of r then the weighting process is carried out on the normalized 
matrix (v) by multiplying w by r, the results are as in Table 6. 

Table 6. Weighting of normalized matrix. 

Code C1 C2 C3 C4 C5 C6 C7 

A1 0.894428 1.632992 1.095444 2.23607 2.23607 1.404495 2.468852 

A2 0.894428 2.177324 1.095444 2.23607 2.23607 1.404495 1.85164 
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A4 0.894428 2.177324 1.095444 2.23607 2.23607 1.404495 1.234428 
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indexes by following equation (5)(6), with the results: 
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{1,2,4,5,
6,7} 

{1,3,4,5,
6,7} 

{1,2,4,5,
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A2 {1,2,3,4,
5,6} - {1,2,4,5,

6,7} 
{1,2,3,4,
5,6,7} 

{1,2,4,5,
6,7} 

A3 {1,2,3,4,
5,6} 

{1,3,4,5,
6,7} - {1,3,4,5,

6,7} 
{1,2,3,4,
5,6,7} 

A4 {1,2,3,4,
5,6} 

{1,2,3,4,
5,6} 

{1,2,4,5,
6} - {1,2,4,5,

6,7} 

A5 {1,3,4,5} {1,3,4,5} {1,3,4,5} {1,3,4,5,
7} - 

Table 8. Determine the Discordance Index. 

Code A1 A2 A3 A4 A5 

A1 - {2} {3} {2} {3} 

A2 {7} - {3}  {3} 

A3 {7} {2} - {2}  

A4 {7} {7} {3,7} - {3} 

A5 {2,6,7} {2,6,7} {2,6,7} {2,6} - 

After knowing Ckl and Dkl, the next step is to form a concordance and discordance matrix 
by following equation (7)(9) which results in Table 9 and Table 10. 

 

 

 

 

 

 

Table 9. Determine the Concordance Matrix. 

Code A1 A2 A3 A4 A5 

A1 - 22 23 22 23 

A2 22 - 23 26 23 

A3 22 22 - 22 26 

A4 22 22 19 - 23 

A5 15 15 15 19 - 

Table 10. Determine the Discordance Matrix. 

Code A1 A2 A3 A4 A5 

A1 - 0.88192 0.88742 0.44096 0.44371 

A2 1 - 1 0 0.50312 

A3 1 0.99381 - 0.88192 0 

A4 1 1 1 - 0.50312 

A5 1 1 1 1 - 

After obtaining the values in the concordance and discordance matrices, then the threshold 
concordance c = 21 and the threshold discordance d = 0.777. In accordance with equation 
(12)(14) a concordance dominant matrix is formed with the results: 

Table 11. Determine Concordance Dominant Matrix. 

Code A1 A2 A3 A4 A5 

A1 - 1 1 1 1 

A2 1 - 1 1 1 

A3 1 1 - 1 1 

A4 1 1 0 - 1 

A5 0 0 0 0 - 
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Table 12. Determine Discordance Dominant Matrix. 

Code A1 A2 A3 A4 A5 

A1 - 1 1 0 0 

A2 1 - 1 0 0 

A3 1 1 - 1 0 

A4 1 1 1 - 0 

A5 1 1 1 1 - 

Next, determine the aggregate of the dominant matrix by multiplying the fkl with gkl whose 
results are in accordance with Table 13. 

Table 13. Determine the Dominance Matrix Aggregate. 

Code A1 A2 A3 A4 A5 

A1 - 1 1 0 0 

A2 1 - 0 1 0 

A3 1 1 - 1 0 

A4 1 1 0 - 0 

A5 0 0 0 0 - 

The final step, eliminating alternatives that are less favorable to determine the best 
ranking of land suitability evaluation.    

 
Fig. 2. Elimination of less favorable alternatives. 
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5 Conclusion 
Based on the results of the analysis and discussion, it can be concluded that the criteria that 
can affect the evaluation of land suitability in rice cultivation consist of 7 criteria, namely 
rainfall, drainage, depth, pH, c-organic, slope, and erosion rate. This decision support system 
uses the ELECTRE method which is quite effectively applied as an analysis tool. Ranking 
conducted according to the method has succeeded in eliminating several alternatives to get 
the best alternative. A5 is eliminated first because it does not have a value of 1, then between 
the other alternatives is compared to find out the best. The same value is in alternatives A1, 
A2, A4, while the largest value is in A3 with a value of 3. So that the ranking order from 
highest to low is paddy fields in Tirtosari, Sawangan, Mangunsari, Podosoko, and Kapuhan. 

Future research can try to apply the MCDM method to decision support systems 
combined with geographic information systems. So that attribute and spatial data can 
describe the analysis of an object with a more complex and real-time visualization.   
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