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Determining a location for land investment cannot solely rely on intuition, as land
investment is one of the economic sectors that frequently changes. Therefore, selecting a
land location requires accurate analysis. The purpose of this research is to find the best
land investment location using a combination of MCDM (Multi-Criteria Decision Making)
methods. The scope of this research focuses on selecting land in Malang City, with the
alternatives being all sub-districts in the city. As an initial step, this research employs the
Delphi Technique to identify, shortlist, and evaluate the criteria considered by experts in
land investment assessment. Six land investment experts participated in this study. The
MCDM method used in this research involves two approaches. The weighting of criteria is
conducted using the Analytic Network Process (ANP) method, chosen for its ability to
account for interrelationships between criteria and alternatives. Following this, the ranking
stage utilizes the Additive Ratio Assessment (ARAS) method, which provides utility function
values to determine the efficiency of alternatives. To reduce panelist subjectivity, this
research uses trapezoidal fuzzy numbers, which are generally better than triangular fuzzy
numbers often used in other studies. The assessment results of criteria and sub-criteria
indicate that the panelist weightings achieved good hierarchical consistency. From the ANP
method combined with the Delphi technique, the Road Access sub-criterion was identified
as having the highest weight, followed by the Land Profitability Index sub-criterion, and
subsequently by seven other sub-criteria considered in this investment problem. The final
outcome of this research, which combines the ANP and ARAS methods with fuzzy usage,
shows that the relative efficiency of viable alternatives is directly proportional to the relative
impact of the main criteria values and weights considered in the investment. The
Arjowinangun sub-district also emerged as the best alternative for land investment.
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1. INTRODUCTION

Investment is a popular activity among the Indonesian population. Investment is one of the most
important variables in driving a country's economy [1]. According to |2] emphasizes that the fundamental
aspects of investment that investors must understand include market knowledge, types of investment
instruments, return rates, and risk levels. According to [3], the forms of investment in macroeconomics can
include land investment or real estate investment, this affects economic growth and development in rural
areas as well as macroeconomics in urban settings.

Although it may appear straightforward and potentially highly profitable, land investment carries
significant risks. Therefore, it is essential to conduct thorough analyses to determine the best land investment
options. To assist investors, a Decision Support System (DSS) is necessary. The primary objective of this
DSS is to address the challenges of Multiple Criteria Decision Making (MCDM) in selecting the optimal land
investment. The MCDM is a decision-making method that selects the best option based on certain criteria
that are often conflicting [4].

There exists a substantial body of research on identifying optimal land investment locations through
the application of MCDM methods. Relevant studies include those by [5], [6], and [7]. However, these
investigations generally concentrate on predefined locations and are confined to specific areas. The distinctive
advantage of this study is its comprehensive approach, which seeks to evaluate all potential alternatives within
a designated region, specifically encompassing all sub-districts in the city of Malang, East Java, Indonesia.

Several methods are commonly employed to solve MCDM problems, including the Analytic Network
Process (ANP) and Additive Ratio Assessment (ARAS) methods. The ANP method, introduced by Saaty,
was developed to overcome the limitations of the earlier Analytic Hierarchy Process (AHP) method,
particularly its inability to account for interdependencies between criteria and alternatives [8]. ANP has been
widely used in investment selection. Referring to [9], which provides a comprehensive review of various
applications of the ANP method, the ANP method has been widely used, as demonstrated in [10], [11], [12],
and [13]. The ARAS method, introduced by [14], has also been extensively applied in decision-making
problems, as demonstrated in [15], [16] and [17]. Based on [18], this method is considered highly suitable
for decision-making in the context of investment.

A key challenge in addressing MCDM problems is the subjectivity of evaluators. To mitigate this
subjectivity, Zadeh introduce fuzzy sets. In 1970, Bellman and Zadeh introduced fuzzy sets into the MCDM
literature [19]. By utilizing fuzzy logic, complexity can be simplified and diverse opinions and subjectivity
in weighting values can be accommodated [20]. Triangular fuzzy numbers are frequently used in MCDM due
to their simplicity.

This study builds on previous research by modifying two MCDM methods, ANP and ARAS, and
incorporating fuzzy logic due to its tolerance for imprecise data. Trapezoidal fuzzy numbers are used in this
study because, as [21] suggest, they better accommodate the subjective uncertainty of evaluators. The Fuzzy
ANP method is applied to determine the weights of each criterion, while the ranking function in ANP is
replaced with the ARAS method. This substitution is made because the ARAS method allows for both cost
and benefit criteria and can calculate utility degrees. Additionally, weighting in the ARAS method is omitted
in favor of the ANP method's weighting, which ensures hierarchical consistency, an important factor given
the potential for inconsistency in evaluator assessments.

2. RESEARCH METHODS

The types of data used in this study are primary and secondary data. The primary data sources for this
research are direct interviews with staff from the Malang City Land Office (Kantor Pertanahan Kota Malang),
the Department of Public Works, Housing, and Settlement Area Arrangement Office (DPUPRPKP / Dinas
Pekerjaan Umum, Perumahan, dan Penataan Kawasan Permukiman), the Development Planning Agency
(Bappeda / Badan Perencanaan Pembangunan Daerah), as well as land notaries and individuals experienced
in land investment. The secondary data sources include data from the BPN, Bappeda, DPUPRPKP, the
Education Office, and the Central Statistics Agency (BPS / Badan Pusat Statistik) of Malang City.
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One of the strengths of this study is that it uses all the urban villages in Malang City as alternatives.
The initial number of alternatives to be used is 57 sub-districts. To meet the data requirements, the following
data will be sought from the aforementioned sources:

1. Factors influencing land investment decisions.

Major government programs that will affect land prices.
Strategic locations for land investment.

Issues that may affect land prices in Malang City.

Data on land sales transactions for the year 2021.

Data on social and public facilities in Malang City.

Data on disasters in Malang City.

S A Sl

Data on the planning of social facilities, public facilities, office buildings, and economic zones up
to the year 2037.

The steps to be undertaken in this research are as follows:

2.1 Delphi Technique

Before weighting the criteria, the first step in this process is problem identification and hierarchy
construction. Problem identification and hierarchy construction involve determining criteria and alternatives.
In this research, hierarchy construction is carried out using the Delphi technique.

The Delphi technique is employed as an initial stage of the research. This technique aims to identify,
shortlist, and assess the criteria considered by land experts. The Delphi technique is conducted in three phases,
with a panelist consisting of six experts. The details of these six experts are presented in Table 1. Before
interviewing the experts, we had determined 14 criteria to be used as the initial framework. These 14 criteria
were derived from previous studies on land investment selection, specifically from references [22] and [23].

Table 1. Panelist Details for Land Evaluation

No Expert Name Description Experience (in years)
. Head of Land Valuation Department,
! Panelist 1 Malang City Land Office 32
2 Panelist 2 Notary and Land Deed Official 14

Investor (Owner of Residential

3 Panelist 3 12
Investment Company)

4 Panclist 4 Investor (Owner of Land Investment 7
Company)

5 Panelist 5 Private Residential Investor 10

6 Panelist 6 Private Residential Investor 16

2.2 Weighting Using Fuzzy ANP

The ANP method is an extension of the AHP, first introduced by Prof. Thomas Lorie Saaty in the early
1970s at Wharton Business School. ANP was developed to address the limitations of AHP in handling
interdependencies among criteria or alternatives in MCDM. With the introduction of interrelated networks,
ANP is more effective in situations where the relationships between elements are not entirely hierarchical
[8].

ANP employs a supermatrix approach, serving as an analytical tool for modeling system complexity,
measuring on a ratio scale, and performing synthesis. This approach provides a more comprehensive
framework for evaluating priorities. Referring to [9], more than 400 research have utilized the ANP method,
with some focusing on investment.

The Fuzzy ANP algorithm proposed by [24] can be explained as follows:
1. Forming the Hierarchical Structure of the ANP Model

2. Construct the pairwise comparison matrix among all elements as follows:
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where, n : number of criteria and @;;: comparison value representing the performance of criterion
i compared to criterion j.

Converting Linguistic Variables to Fuzzy Numbers Using the Scale in Table 2.

Table 2. Linguistic Comparison Scale

Numerical Fuzzy Trapezoidal
Linguistic Scale Interval Scale
Scale

(ny,ny,n3,n4)

1 Equal (L1, 1,1

2 Equal to moderate (1,1,3,4)

3 Moderate (1,2,4,5)

4 Moderate to strong (2,3,5,6)

5 Strong dominance (3,4,6,7)

6 Strong to very strong 4,5,7,8)

dominance

7 Very strong dominance 5,6,8,9)

8 Strong to absolute 6,7,9,9)

9 Absolute dominance (7,8,9,9)

Defuzzification of Fuzzy Numbers to Check Hierarchical Consistency.

The defuzzification process uses a modification of the Best Nonfuzzy Performance (BNP) in [25].
The defuzzification of trapezoidal fuzzy numbers is computed using the equation:
(ny —ny) + (3 —ny) + (N —ny)
2 +ny

(2)
Calculating Fuzzy Weights:

To calculate fuzzy weights, first compute the geometric mean of each row. The geometric mean
of each row is calculated using the following equation:

1
=001 ®a; @ Qdjp)n, Vi (3)
where:
L1 oL 1 1 LN
a;n = (aih"' a;j,m aij,m, aij4n>,VlV] (4)
After calculating the geometric means, the fuzzy weight for criterion j is then computed using:
T

Vi (5)

w; = T
j=1Tj

Where 1; representing the defuzzification result of BNP from 77

2.3 Checking Hierarchy Consistency

Hierarchy consistency is calculated after defuzzification from the ANP method using BNP. The main

objective to checking Hierarchy Consistency is to ensure that decisions made based on the hierarchy or
criteria comparisons have adequate consistency. Consistency in this context refers to the extent to which
evaluations or comparisons of criteria within a hierarchy do not conflict with each other. Here are the steps
to calculate the consistency ratio according to [26]:

1.

Summing the evaluation in each column of the comparison matrix
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2. Construction of the normalized matrix
3. Calculation of the approximate scale vector b
4

Determination of the approximate eigenvalue of matrix A. This result is called 4,4,

5. Calculate the Consistency Ratio (CR) using the following formula: CR = %,Where Rl is the

Random Consistency Index, referring to Table 3.

Table 3. Random Consistency Index Value

Pairwise .
Comparison Random Consistency Index
Qs Value
Matrix Size
3x3 0.58
4 x4 1.90
5x5 1.12
6X6 1.24
7x7 1.32
8x8 1.41
9x9 1.45
10 x 10 1.49

Check the hierarchy consistency. If the consistency ratio is less than or equal to 0.1, the calculation
results can be considered correct, or the hierarchical comparisons made by the evaluator are consistent.
Conversely, if the consistency ratio is greater than 0.1, the evaluations need to be revised by experts. In Table
3, we recorded all RI values ranging from 3 X 3 to 10 X 10 because in this study, the matrix size will first be
adjusted based on the results of the Delphi technique.

2.4 Ranking Using Fuzzy ARAS

Zavadskas and Turskis (2010) developed the ARAS method with the concept that complex events can
be understood through simple comparisons [14]. This method calculates the relative efficiency of alternatives
based on the values and weights of main criteria and computes the ratio of normalized and weighted criteria
scores to the total criteria values. ARAS is used to rank alternatives and compare them with an ideal
alternative.

However, the ARAS method cannot handle uncertainty from subjective judgments and incomplete
data. To address this issue, fuzzy logic is used. The Fuzzy ARAS method is now applied in various fields
such as transportation, construction, and investment. Recent studies using only the ARAS method include
[27], [28] and [29]. The method has also been combined with other MCDM techniques in studies such as
those by [30], [31] and [32]. Initially, the ARAS method utilized triangular fuzzy numbers, then
Roztamzadeh, in [21], introduced trapezoidal fuzzy numbers to better accommodate the uncertainty of a
panelist.

In this study, the ARAS method used fuzzy numbers with trapezoidal fuzzy numbers. As described by
[21], the ARAS method with trapezoidal fuzzy numbers involves the following steps:
1.  Form the Fuzzy Decision Matrix as follows:

Xo1 Xo2 t Xon
e ©
Xmi Xm2 " Xmn

where:

m : Number of alternatives,
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n : Number of criteria,
Xrj,k = 1 : Weights representing the k —th alternative for the j —th criterion,

Xoj : Represents the optimal value of the j —th criterion. If the optimal value of the j —th
criterion is not known, then X;; is obtained as ¥y; = max(a?k j) for benefit criteria and X,; =
min(fk j) for cost criteria.

2. Defuzzification using the Center of Area (COA) method as described by [33] is as follows:

auasz — axaq ]
(as +a3) —(az +ay)

1
xkj=§[a1+a2+a3+a4—

(7

3. After defuzzification, the initial values of all matrices are normalized. The matrix, where the
maximum value is desired, is normalized as follows:

ij

Xij = e (8)
The matrix, where the minimum value is desired, is normalized in two stages as follows:
. 1 x; i
Xkj = = Xkj = vm * 9
j k=0 Xkj
4. Determine the weighted normalized matrix X = (J?k j) using the following equation:
Xj = Xpjw; (10)
where:
w; . Weight of criterion j obtained from ranking using the ANP method.

5. Determine the optimality value. The highest value of optimality value is the best, and the lowest
is the worst. Therefore, the greater the optimality value, the more effective the alternative. To
determine the optimality value, use the following equation:

n
Sk = kaj (11)
j=1

where:
Sk : The optimality value of the i —th alternative and
Xkj : The weighted normalized value.

6. Determine the utility degree of an alternative by comparing the analyzed variant with the most
ideal variant. The equation used to calculate the utility degree of an alternative is as follows:

K, =
k=S,

(12)

where:

Ky : The utility degree of the k —th alternative. The higher the utility degree, the better the
alternative.

Previous studies have introduced trapezoidal fuzzy numbers in the ANP method is [24] and the ARAS
method is [21], but each only applied a single method. [34] combined ANP for weighting and ARAS for
ranking, but without fuzzy numbers in ANP and using triangular fuzzy numbers in ARAS, which still posed
a limitation in terms of subjective evaluation.

The novelty of this study lies in combining fuzzy logic with trapezoidal membership functions in the
ANP method for weighting and the ARAS method for ranking. The alternatives in this study include all sub-
districts in Malang City that meet the problem constraints, rather than being limited to a few land samples as
in previous studies.
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3. RESULTS AND DISCUSSION

In this study, the Delphi technique was applied as a method to establish relevant criteria and sub-criteria
in the process of selecting land investment locations. The results from the Delphi technique were further
processed to determine the weights of the criteria to be used in evaluating the alternatives, which in this case
are all the sub-districts in the city of Malang. After the criteria weights were determined using the ANP
method, a consistency ratio test was conducted to ensure that the assessments provided by the panelists were
consistent and scientifically reliable. The final stage of this research involved the application of the ARAS
method to perform the final weighting, aimed at identifying the best alternative among the sub-districts
considered as potential locations for land investment.

3.1 Result of Delphi Technique

Based on the research steps previously explained, the initial results of data collection using the Delphi
Technique are presented. Figure 1 shows the process of the Delphi Technique in this study. At the initial
stage, the technique led to the conclusion that there were three criteria with nine sub-criteria selected by
experts, as opposed to the initial four criteria and fourteen sub-criteria. The next stage is to conduct a pairwise
comparison to determine how dominant one criterion is over another. The final stage of this technique is the
application of Fuzzy ANP and then reviewed by the panelists to provide the final ranking.

Actions of the researcher Actions of the experts
1 Create a list of 4 criteria with 15 sub- Three criteria with 9 sub-criteria are
Stage criteria. > selected.
|
v
Collect 9 criteria for pairwise . Evaluate each pair according to the
Stage 2 comparison and create a questionnaire. > provided numerical scale.

Stage 3 Weighting using the ANP method. »| Review and provide final rankings.

v

Results of the criteria weighting.

Figure 1. Delphi Process Applied In The Research

The three criteria with nine sub-criteria, after creating the Fuzzy ANP network model, are shown in
Figure 2. There are finance criteria with three sub-criteria, environment criteria with four sub-criteria, and
future prospects criteria with two sub-criteria. The criteria and sub-criteria in the Fuzzy ANP network model
still have a relationship as seen in Figure 2. On the other hand, six sub-criteria were excluded from the land
investment selection criteria. The sub-criterion of the total sale price is not included because it is already
represented by the profitability index and initial investment. The sub-criterion of residential area designation
is excluded because all sub-districts in Malang City have specific residential areas. The traditional village
regulations are also excluded as the village regulations in Malang City are quite similar across different areas.
The sub-criterion of being located within the city is not included as all alternatives are within the Malang
City area. The criterion of land condition is also excluded from the land investment selection criteria because
the research focuses on sub-districts within Malang City, where there are no significant differences in land
condition among them.
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Figure 2. Fuzzy ANP Method Network Model

3.2 Result of Weighting Using Fuzzy ANP

Result of network model of the ANP Model are shown in Figure 2. After creating a network model,
the next step is to conduct a pairwise comparison contained in a comparison matrix between criteria. This
was done by 6 panelists, one of the pairwise comparison matrices can be seen in Table 4. The final result of
the weighting using fuzzy ANP can be seen in Figure 3.

Table 4. Sample of Matrix Comparison Sub-criteria

Comparison sub-criteria

Sub-criteria Code
Ay, A, A; By, B, By By ( G
Profitability Index A4 1 1 1 033 025 025 02 033 1
Initial Investment A, 1 1 1 033 025 02 02 025 1
Sales Speed A; 1 1 1 033 025 02 02 033 1
Security B4 3 3 3 1 02 02 014 02 1
Social Facilities B, 4 4 4 5 1 1 1 0.5 1
Road Access B3 4 5 5 5 1 1 0.2 1 1
Distance to Strategic Locations By 5 5 5 7 1 5 1 1 1
Plans for Social Facilities (o 3 4 3 5 2 1 1 1 1

Industrial Area Planning C, 1 1 1 1 1 1 1 1 1
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M Road Access

| Profitability Index
Plans for Social Facilities

B Security

B Distance to Strategic Locations
Social Facilities

H Initial Investment

M Sales Speed

M Industrial Area Planning

Figure 3. Weighting Results Using Fuzzy ANP Method

Figure 3 is evident that road access emerges as the most significant sub-criterion, holding a weight of
0.182, which corresponds to 18.2%. This indicates its critical importance in the evaluation process. Following
closely are the profitability index and the planning of social facilities, which are also key sub-criteria. These
three sub-criteria not only dominate within their respective categories but also play a pivotal role as the main
sub-criteria across the various criteria provided. This highlights their overarching influence in determining
the overall assessment. The five alternatives in each of the highest-ranking criteria can be seen in Table 5.

Table 5. The Alternatives with The Top 5 Rankings from The 3 Criteria With The Highest Weights.

Rank Profitability Index Road Access Plans for Social Facilities
Sub-districts Value Sub-districts Value Sub-districts Value

1 Arjosari 0.92 Arjowinangun  0.43 Lesanpuro 0.065

2 Balearjosari 0.92 Buring 0.43 Gadang 0.063

3 Polowijen 0.92 Kotalama 0.43 PisangCandi 0.062

4 Arjowinangun 0.80 Lesanpuro 0.43 Arjosari 0.058

5 Bunulrejo 0.80 Tlogowaru 0.43 Merjosari 0.053

3.3 Result of Checking Hierarchy Consistency

The Hierarchy Consistency Checking process is conducted after the defuzzification of the ANP
method. The results of the defuzzification using the BNP method are presented in Table 6. After
defuzzification, it was found that the weighting among criteria satisfies hierarchy consistency. The results
can be seen in Table 7.

Table 6. Matrix Defuzzification

Comparison sub-criteria

Sub-criteria Code
A, A A; B, B, By By ¢ G
Profitability Index Aq 1.00 2.08 265 325 337 262 250 0.60 241
Initial Investment A, 048 1.00 2.65 293 264 219 203 042 2.08
Sales Speed A; 067 067 1.00 331 3.17 212 229 0.50 2.65
Security By 147 153 146 1.00 213 1.16 213 043 2.65
Social Facilities B, 1.77 1.85 182 224 1.00 0.56 238 1.66 278
Road Access B3 1.90 246 258 429 340 1.00 2.15 2.78 2.85
Distance to Strategic Locations B4  2.06 232 215 2.72 0.69 252 1.00 180 2.78
Plans for Social Facilities C; 258 398 3.05 384 239 061 180 1.00 2.85

Industrial Area Planning c, 146 177 0.67 0.67 0.61 058 0.61 058 1.00
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Table 7. Hierarchy Consistency Table
No Expert Name Amars  CR

1 Overall Sub-criteria 9.0118 0.0010
2 Criteria 3.0013 0.0011
3 Financial Sub-criteria 3.0262 0.0225
4 Environmental Sub-criteria ~ 3.7864  0.0375
5  Future Prospects Sub-criteria  2.0348  0.0600

From Table 7. it can be concluded that the pairwise comparisons in the ANP method exhibit
sufficient consistency. The data shows that the values for 4,4, and CR for each sub-criterion and criterion
are within acceptable limits. with all CR values being less than or equal to 0.1. This indicates that the weights
assigned to each criterion and sub-criterion are acceptable and can be used in the evaluation process.

3.4 Result of Ranking Using Fuzzy ARAS

Using the Fuzzy ARAS method. the final evaluation results for all 37 sub-districts in Malang City have
been obtained. The analysis identifies Arjowinangun. located in the Kedungkandang district. as the top
location for land investment. with a utility degree of 70.3%. This sub-district is ranked first due to its high
utility score. The subsequent top-ranked sub-districts are as follows: Arjosari in the Blimbing district with a
utility degree of 66.3%. Buring in the Kedungkandang district with 65.0%. Tlogowaru also in
Kedungkandang with 64.8%. and Kotalama in Kedungkandang with 64.3%.

The detailed rankings of all sub-districts are provided in Table 8. which includes their respective utility
degrees and ranks. The table further shows that Arjowinangun leads the list. followed by Arjosari. Buring.
Tlogowaru. and Kotalama. all of which are also highly ranked in terms of investment potential. It is apparent
that the five sub-districts with the highest final scores all rank within the top five in at least one of the three
primary criteria shown in Table 5. This observation suggests that the value of the alternatives is directly
proportional to the relative impact of the criteria's values and weights considered in the investment decision.

Table 8. Hierarchy Consistency Table

Rank Sub-district District Optimal Value Utility Degree
1 Arjowinangun Kedungkandang 0.0362 70.3%
2 Arjosari Blimbing 0.0341 66.3%
3 Buring Kedungkandang 0.0335 65.0%
4 Tlogowaru Kedungkandang 0.0334 64.8%
5 Kotalama Kedungkandang 0.0331 64.3%
6 Polowijen Blimbing 0.0322 62.5%
7 Lesanpuro Kedungkandang 0.0320 62.2%
8 Jatimulyo Lowokwaru 0.0308 59.9%
9 Dinoyo Lowokwaru 0.0304 59.1%
10 Gadang Sukun 0.0304 59.0%
11 Wonokoyo Kedungkandang 0.0285 55.4%
12 Bumiayu Kedungkandang 0.0285 55.3%
13 Mojolangu Lowokwaru 0.0280 54.3%
14 Bunulrejo Blimbing 0.0274 53.2%
15 Kebonsari Sukun 0.0270 52.5%
16 Tlogomas Lowokwaru 0.0269 52.3%
17 Cemorokandang Kedungkandang 0.0267 51.8%
18 Purwodadi Blimbing 0.0265 51.6%
19 Balearjosari Blimbing 0.0260 50.5%
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Rank Sub-district District Optimal Value Utility Degree
20 Merjosari Lowokwaru 0.0259 50.4%
21 Sawojajar Kedungkandang 0.0252 48.9%
22 Madyopuro Kedungkandang 0.0249 48.4%
23 Purwantoro Blimbing 0.0244 47.3%
24 Bandulan Sukun 0.0233 45.2%
25 Pandanwangi Blimbing 0.0230 44.7%
26  PisangCandi Sukun 0.0226 44.0%
27 Kedungkandang Kedungkandang 0.0221 43.0%
28 Tunggulwulung  Lowokwaru 0.0216 42.0%
29 Tasikmadu Lowokwaru 0.0210 40.8%
30 Karangbesuki Sukun 0.0208 40.4%
31 Tunjungsekar Lowokwaru 0.0198 38.5%
32 Mulyorejo Sukun 0.0196 38.0%
33 Tulusrejo Lowokwaru 0.0188 36.5%
34 Bakalankrajan Sukun 0.0182 35.4%
35 Bandungrejosari  Sukun 0.0167 32.4%
36 Sukun Sukun 0.0163 31.7%
37 Bareng Klojen 0.0130 25.2%

4. CONCLUSIONS

By utilizing a combination of the Fuzzy ANP and Fuzzy ARAS methods. the final results reveal utility
function values that determine the relative efficiency of various investment alternatives. This directly reflects
the relative effects of the values and weights of the primary criteria considered in land investment location
evaluations. The Fuzzy ANP method provides a systematic assessment of the weights of criteria and sub-
criteria. while the Fuzzy ARAS method offers a framework for measuring the performance of alternatives
based on the obtained utility function values. The integration of these two methods ensures a detailed
evaluation of investment alternatives. where hierarchical checks are conducted to assess the consistency of
the panelists. and utility degrees are utilized to evaluate the alternatives. Therefore. the combination of Fuzzy
ANP and Fuzzy ARAS can be regarded as effective for addressing investment issues. delivering accurate and
relevant results in identifying the best locations for land investment. From this study, it was also found that
the best sub-criterion for land investment is road access, with a weight of 18.2%. This sub-criterion may
change depending on different problem constraints. This research can also be further developed by using a
broader range of alternatives, not limited to a specific city as constrained in this study.

REFERENCES

[1] S. Magdalena and R. Suhatman, “THE EFFECT OF GOVERNMENT EXPENDITURES, DOMESTIC INVESMENT,
FOREIGN INVESMENT TO THE ECONOMIC GROWTH OF PRIMARY SECTOR IN CENTRAL KALIMANTAN,”
Budapest International Research and Critics Institute (BIRCI-Journal): Humanities and Social Sciences, vol. 3, no. 3, pp.
1692-1703, Jul. 2020, doi: https://doi.org/10.33258/birci.v3i3.1101.

[2] M. Rizaldy Insan Baihaqqy, “COOPETITION: JURNAL ILMIAH MANAJEMEN INVESTMENT DECISIONS OF
INVESTORS BASED ON GENERATION GROUPS : A CASE STUDY IN INDONESIA STOCK EXCHANGE,” Jurnal
Ilmiah Manajemen, vol. 11, no. 3, pp. 189-196, 2020.

[3] P. Sankar Bhattacharya, “LAND AND MACROECONOMICS,” in Handbook of Real Estate and Macroeconomics, Edward
Elgar Publishing, 2022, pp. 39-81. doi: https://doi.org/10.4337/9781789908497.00009.

[4] A. R. Ispandiari et al., “COMPARATIVE ANALYSIS BETWEEN AHP MOORA AND AHP-ELECTRE METHOD FOR
OPTIMAL ELECTRIC AND SOLAR-POWERED SHIPYARD SITE SELECTION,” BAREKENG: Jurnal Ilmu
Matematika dan Terapan, vol. 17, no. 4, pp- 2381-2396, Dec. 2023, doi:
https://doi.org/10.30598/barekengvoll 7iss4pp2381-2396.



1510

(5]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

Idris, etal. COMBINING FUZZY ANP AND FUZZY ARAS METHODS FOR DETERMINING THE BEST...

P.-H.NGUYEN, J.-F. TSAI, T.-T. NGUYEN, T.-G. NGUYEN, and D.-D. VU, “A GREY MCDM BASED ON DEMATEL
MODEL FOR REAL ESTATE EVALUATION AND SELECTION PROBLEMS: A NUMERICAL EXAMPLE,” The
Journal of Asian Finance, Economics and Business, vol. 7, mno. 11, pp. 549-556, Nov. 2020, doi:
https://doi.org/10.13106/jafeb.2020.vol7.no11.549.

K. Kapadia and S. Agarwal, “INTEGRATION OF GIS AND FUZZY MCDM APPROACH FOR REAL ESTATE
INVESTMENT ANALYSIS,” IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE, vol. 13, no. 3, pp. 5666,
2016, doi: https://doi.org/10.9790/1684-1303035666.

C.-N. Wang, V. T. Nguyen, H. T. N. Thai, and D. H. Duong, “MULTI-CRITERIA DECISION MAKING (MCDM)
APPROACHES FOR SOLAR POWER PLANT LOCATION SELECTION IN VIET NAM,” Energies (Basel), vol. 11, no.
6, p. 1504, Jun. 2018, doi: https://doi.org/10.3390/en11061504.

Thomas L. Saaty and Luis G. Vargas, DECISION MAKING WITH THE ANALYTIC NETWORK PROCESS Economic,
Political, Social and Technological Applications with Benefits, Opportunities, Costs and Risks, 1st ed. New York: Springer
Science+Business Media, 2006.

S. Kheybari, F. M. Rezaie, and H. Farazmand, “ANALYTIC NETWORK PROCESS: AN OVERVIEW OF
APPLICATIONS,” Appl Math Comput, vol. 367, Feb. 2020, doi: https://doi.org/10.1016/j.amc.2019.124780.

Y. Wu, J. Wang, S. Ji, and Z. Song, “RENEWABLE ENERGY INVESTMENT RISK ASSESSMENT FOR NATIONS
ALONG CHINA’S BELT &AMP; ROAD INITIATIVE: AN ANP-CLOUD MODEL METHOD,” Energy, vol. 190, p.
116381, Jan. 2020, doi: https://doi.org/10.1016/j.energy.2019.116381.

D. Tiara, E. Sulistianingsih, H. Perdana, N. Satyahadewi, and R. Tamtama, “APPLICATION OF FUZZY ANALYTICAL
NETWORK PROCESS IN DETERMINING THE CHOICE OF AREAS OF INTEREST,” BAREKENG: Jurnal Illmu
Matematika dan Terapan, vol. 17, no. 4, pp- 2253-2262, Dec. 2023, doi:
https://doi.org/10.30598/barekengvoll7iss4pp2253-2262.

O. Senvar, O. Vayvay, and S. Hamal, “SELECTION OF OPTIMAL RENEWABLE ENERGY INVESTMENT PROJECT
VIA FUZZY ANP,” Pressacademia, vol. 5, no. 2, pp- 224-233, Jun. 2018, doi:
https://doi.org/10.17261/Pressacademia.2018.827.

H. A. K. Prasetyo, H. Tanjung, and A. Devi, “MULTI CRITERIA ANALYSIS FOR SELECTING SHARIA CAPITAL
MARKET MANAGEMENT INVESTMENT USING ANP,” Jurnal Manajemen, vol. 12, no. 2, p. 93, Jun. 2021, doi:
https://doi.org/10.32832/jm-uika.v12i2.4226.

E. K. Zavadskas and Z. Turskis, “A NEW ADDITIVE RATIO ASSESSMENT (ARAS) METHOD IN MULTICRITERIA
DECISION-MAKING,” Technological and Economic Development of Economy, vol. 16, no. 2, pp. 159-172, 2010, doi:
https://doi.org/10.3846/tede.2010.10.

Sara Boskovi¢, Vesna Radonji¢-Djogatovié¢, Predrag Ralevi¢, Mom¢ilo Dobrodolac, and Stefan Jov¢i¢, “SELECTION OF
MOBILE NETWORK OPERATOR USING THE CRITIC-ARAS METHOD,” INTERNATIONAL JOURNAL FOR
TRAFFIC AND TRANSPORT ENGINEERING, vol. 11, no. 1, Mar. 2021, doi: https://doi.org/10.7708/ijtte.2021.11(1).02.
A. R. Mishra, A. Chandel, and P. Saeidi, “LOW-CARBON TOURISM STRATEGY EVALUATION AND SELECTION
USING INTERVAL-VALUED INTUITIONISTIC FUZZY ADDITIVE RATIO ASSESSMENT APPROACH BASED ON
SIMILARITY MEASURES,” FEnviron Dev Sustain, vol. 24, no. 5, pp. 7236-7282, May 2022, doi:
https://doi.org/10.1007/s10668-021-01746-w.

R. Luki¢, “APPLICATION OF ARAS METHOD IN ASSESSING EFFICIENCY OF INSURANCE COMPANIES IN
SERBIA,” Tokovi osiguranja, vol. 37, no. 4, pp. 9-36, 2021, doi: https://doi.org/10.5937/tokosig2103009f.

E. K. Zavadskas and Z. Turskis, “A NEW ADDITIVE RATIO ASSESSMENT (ARAS) METHOD IN MULTICRITERIA
DECISION-MAKING,” Technological and Economic Development of Economy, vol. 16, no. 2, pp. 159-172, 2010, doi:
https://doi.org/10.3846/tede.2010.10.

A. Emrouznejad and W. Ho, “ANALYTIC HIERARCHY PROCESS AND FUZZY SET THEORY,” in Fuzzy Analytic
Hierarchy Process, Boca Raton: CRC Press, 2017.: Chapman and Hall/CRC, 2017, pp. 1-10. doi:
https://doi.org/10.1201/9781315369884-1.

Y. Liu, C. M. Eckert, and C. Earl, “A REVIEW OF FUZZY AHP METHODS FOR DECISION-MAKING WITH
SUBJECTIVE = JUDGEMENTS,”  Expert Syst Appl, vol. 161, p. 113738, Dec. 2020, doi:
https://doi.org/10.1016/j.eswa.2020.113738.

R. Rostamzadeh, A. Esmaeili, A. Shahriyari Nia, J. Saparauskas, and M. Keshavarz Ghorabaee, “A FUZZY ARAS
METHOD FOR SUPPLY CHAIN MANAGEMENT PERFORMANCE MEASUREMENT IN SMES UNDER
UNCERTAINTY,” TRANSFORMATIONS IN BUSINESS & ECONOMICS, vol. 16, no. 2A, pp. 319-348, 2017.

V. A. Mantogiannis and F. A. Katsigiannis, “ASSESSING REAL ESTATE INVESTMENT ALTERNATIVES: A MULTI-
CRITERIA AND MULTI-STAKEHOLDER DECISION AID TOOL,” International Journal of the Analytic Hierarchy
Process, vol. 12, no. 1, Apr. 2020, doi: https://doi.org/10.13033/ijahp.v12i1.702.

A. S. Honggowibowo, “DEVELOPING A DECISION SUPPORT SYSTEM OF LAND LOCATION FOR APARTMENT
INVESTMENT USING FUZZY MADM YAGER MODEL,” Conference SENATIK STT Adisutjipto Yogyakarta, vol. 4,
Nov. 2018, doi: https://doi.org/10.28989/senatik.v4i0.221.

S. Senturk, N. Erginel, and Y. Binici, “INTERVAL TYPE-2 FUZZY ANALYTIC NETWORK PROCESS FOR
MODELLING A THIRD-PARTY LOGISTICS (3PL) COMPANY,” Journal of Multiple-Valued Logic and Soft Computing,
vol. 28, pp. 311-333, 2016.

N. T. Pham et al., “RESEARCH ON KNOWLEDGE MANAGEMENT MODELS AT UNIVERSITIES USING FUZZY
ANALYTIC HIERARCHY PROCESS (FAHP),” Sustainability, vol. 13, no. 2, p. 809, Jan. 2021, doi:
https://doi.org/10.3390/su13020809.

J. Becker and A. Becker, “GRAPHICAL ANALYSIS OF CONSISTENCY IN THE AHP/ANP PAIRWISE COMPARISON
MATRIX OF CRITERIA OR DECISION ALTERNATIVES,” Procedia Comput Sci, vol. 246, pp. 4805-4814, 2024, doi:
https://doi.org/10.1016/j.procs.2024.09.346.

A. R. Mishra and P. Rani, “A Q-RUNG ORTHOPAIR FUZZY ARAS METHOD BASED ON ENTROPY AND
DISCRIMINATION MEASURES: AN APPLICATION OF SUSTAINABLE RECYCLING PARTNER SELECTION,” J



BAREKENG: J. Math. & App., vol. 19(3), pp. 1499 - 1512, September, 2025. 1511

[30]

[31]

Ambient Intell Humaniz Comput, vol. 14, no. 6, pp. 6897—6918, Jun. 2023, doi: https://doi.org/10.1007/s12652-021-03549-
3.

R. Rostamzadeh, A. Esmaeili, H. Sivilevi¢ius, and H. B. K. Nobard, “A FUZZY DECISION-MAKING APPROACH FOR
EVALUATION AND SELECTION OF THIRD PARTY REVERSE LOGISTICS PROVIDER USING FUZZY ARAS,”
Transport, vol. 35, no. 6, pp. 635657, Jan. 2021, doi: https://doi.org/10.3846/transport.2020.14226.

N. Cabri¢, N. Brankovi¢, and A. Kalem, “THE SELECTION OF A POSSIBLE ORGANIZATIONAL STRUCTURE OF
RAILWAY COMPANIES BY APPLICATION FUZZY-ARAS METHOD,” Science, Engineering and Technology, vol. 3,
no. 1, 2023, doi: https://doi.org/10.54327/set2022/v3.11.42.

F. ECER, “AN INTEGRATED FUZZY AHP AND ARAS MODEL TO EVALUATE MOBILE BANKING SERVICES,”
Technological and Economic Development of Economy, vol. 24, no. 2, pp. 670-695, Apr. 2017, doi:
https://doi.org/10.3846/20294913.2016.1255275.

H.-T. Nguyen, S. Z. Md Dawal, Y. Nukman, A. P. Rifai, and H. Aoyama, “AN INTEGRATED MCDM MODEL FOR
CONVEYOR EQUIPMENT EVALUATION AND SELECTION IN AN FMC BASED ON A FUZZY AHP AND FUZZY
ARAS IN THE PRESENCE OF VAGUENESS,” PLoS One, vol. 11, no. 4, p. e0153222, Apr. 2016, doi:
https://doi.org/10.1371/journal.pone.0153222.

J. Heidary Dahooie, M. Estiri, E. K. Zavadskas, and Z. Xu, “A NOVEL HYBRID FUZZY DEA-FUZZY ARAS METHOD
FOR PRIORITIZING HIGH-PERFORMANCE INNOVATION-ORIENTED HUMAN RESOURCE PRACTICES IN
HIGH TECH SME’S,” International Journal of Fuzzy Systems, vol. 24, no. 2, pp. 883-908, Mar. 2022, doi:
https://doi.org/10.1007/s40815-021-01162-2.

A.V Patel and B. M. Mohan, “SOME NUMERICAL ASPECTS OF CENTER OF AREA DEFUZZIYCATION METHOD,”
2002. [Online]. Available: www.elsevier.com/locate/fss

M. Zamani, A. Rabbani, A. Yazdani-Chamzini, and Z. Turskis, “AN INTEGRATED MODEL FOR EXTENDING BRAND
BASED ON FUZZY ARAS AND ANP METHODS,” Journal of Business Economics and Management, vol. 15, no. 3, pp.
403-423, 2014, doi: https://doi.org/10.3846/16111699.2014.923929.



1512 Idris, etal. COMBINING FUZZY ANP AND FUZZY ARAS METHODS FOR DETERMINING THE BEST...



	COMBINING FUZZY ANP AND FUZZY ARAS METHODS FOR DETERMINING THE BEST LAND INVESTMENT LOCATION
	ABSTRACT
	1. INTRODUCTION
	2. RESEARCH METHODS
	2.1 Delphi Technique
	2.2 Weighting Using Fuzzy ANP
	2.3 Checking Hierarchy Consistency
	2.4 Ranking Using Fuzzy ARAS

	3. RESULTS AND DISCUSSION
	3.1 Result of Delphi Technique
	3.2 Result of Weighting Using Fuzzy ANP
	3.3 Result of Checking Hierarchy Consistency
	3.4 Result of Ranking Using Fuzzy ARAS

	4. CONCLUSIONS
	REFERENCES

