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Drought causes crop failure in the agricultural sector and a limited supply of
clean water. Land damage due to drought in Lamongan has reached +12,000
ha in the last decade. The lack of information regarding drought disaster
mitigation resulted in quite large losses in several agricultural sectors. The
purpose of this study is to develop a decision support system (DSS) that can
provide information regarding the identification of drought-prone areas. The
fuzzy analytical hierarchy process (FAHP) method is implemented with four
criteria: rainfall intensity, slope, soil type, and distance to the river. FAHP is
good for processing the weighting of several criteria and categories to produce
good choices. Results, the tests carried out there were 20 sub-districts prone
to drought, with an accuracy rate of the FAHP method of 85%. The average
value of respondent satisfaction averaged 97.2%. DSS application can provide
the status of areas prone to drought. For future studies, the temperature and
evapotranspiration parameters can be added, to provide better results.
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1. INTRODUCTION

Drought is a climatic phenomenon that endangers tropical countries every year by the impacts of
global warming which causes extreme climate [1] changes from year to year [2], [3]. Drought is one of the
most complex and poorly understood disasters that has the greatest impact on humans and usually affects large
areas [4]. Drought causes great damage to the environment, economy, and society [5]. Drought is a crucial
factor in the availability of water reserves required for farming and other human needs. On the other hand,
some drought-prone areas highly depend on rainfall frequency [6]. Drought may cause limited water resources
[6] which bring social and economic effects [7], agricultural crop failure [8]-[12], and an increase in food costs

[71.

Lamongan is one of the drought-prone regencies in Indonesia. Drought in Lamongan has caused
limited clean water. Land damage in Lamongan due to drought has reached +12,000 ha in the last decade [8].
In 2018, 78 villages experienced clean water crisis and drought. Furthermore, drought has resulted in harvest
failure. The most common problem is the lack of information about drought disaster mitigation which results
in a big loss in the agricultural sector [13]. Information on the distribution of drought-prone areas can be used
as input for conducting risk assessments and disaster risk-oriented water resource management. Drought
necessitates drought risk management, which is characterized by an early warning and drought mitigation
system.
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Previous studies used to identify drought disasters include research conducted by Aghelpour et al.
[14] monitored agricultural drought using an adaptive neuro-fuzzy inference system combined with a bio-
inspired optimization algorithm. Research by Zhang et al. [15] predicts drought with monthly rainfall variables
and soil moisture data from the global land data assimilation system, version 2 (GLDAS-2.0) is used to
calculate meteorological and agricultural drought indicators. Research Zhou et al. [16] performs high spatial
resolution drought monitoring time series is essential for effective agricultural management with moderate
resolution imaging spectroradiometer (MODIS) has been applied for regional drought monitoring. Research
by Poornima and Pushpalatha [5] uses a recurrent neural network to predict drought indices that handle real-
time nonlinear data. Research by Adede et al. [4] adopts an artificial neural network (ANN) approach for
drought monitoring. Research by Hao et al. [17] a drought assessment model using the R software.

Decision support system (DSS) is a system that can assist in making decisions within an organization
or company [18], [19]. DSS enables a more efficient decision-making process [20]. It is made to support the
solution of a problem. The advantage of a DSS is the ability to solve complex problems both in terms of
hardware and software so that the DSS can produce a decision quickly and has a reliable level of accuracy.
DSS has many types including multicriteria decision-making. Problems related to flood disaster management
are resolved by making multi-criteria decisions. This is because the results of multicriteria decision-making
are systematic and suitable for overcoming complex problems [21]. Several kinds of multicriteria decision-
making are the analytic hierarchy process [22], multi-attribute utility theory [21], a technique for order
preference by similarity to an ideal solution [19], and the fuzzy analytical hierarchy process (FAHP) [23]-[25].
FAHP method is well-known for its ability to process the weighting of several criteria and categories to
generate some good alternatives.

This research aimed to produce DSS in the form of Web which could provide information on drought-
prone areas online in Lamongan. This paper is structured as follows: section 1 explains the introduction, section
2 describes the research method, section 3 presents the results and discussion, and section 4 presents the
conclusions of the study.

2. RESEARCH METHOD

In system development, in this research, the system is built on a web-based. The reason for choosing
web-base is because many users are more comfortable using it and users can access it anywhere and anytime
[19]. In this research, the system is built on a web-based using the FAHP method is explained in Figure 1.

The process begins by collecting parameter data in sub-districts in Lamongan which are sampled based
on data on rainfall intensity, slope, soil type, and distance to the river. The data that is processed is data that
comes from the regional disaster management agency (BPBD) of Lamongan Regency. The next process is to
design the system by applying the FAHP method to the system. The application of FAHP method is
implemented as a method in the process of identifying drought-prone areas. After getting the design method,
the next step is to build the system. In this study, the DSS application was developed using the PHP and MySQL
programming languages for database storage. At the system testing stage, a trial-error process is carried out to
evaluate the system. In this step, the researcher conducted a validation test. Validation testing was carried out
to determine the results of FAHP manual calculations and the results of the prediction system. System testing
and maintenance were conducted by trial and error processes to evaluate the system. In this step, the researchers
studied users’ impressions and intentions when using the system [20].

System and

Data collection method design

Validation test Implementation

Figure 1. System development

2.1. Studi area
This paper uses data in sub-districts in Lamongan as a study case. Data on sub-districts in the
Lamongan district will be used as an alternative in determining drought-prone areas. In general, drought
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disasters are caused by several factors, including rainfall intensity, slope, soil type, and distance to the river to
determine drought-prone areas. The following is the Lamongan Regency environmental index for 2020-2022
shown in Table 1.

Table 1. Environmental Index Lamongan Regency

Element Unit 2020 2021 2022
Land quality index % 58.91 38.84 39.76
Water quality index % 68.18 59.52 58.39
Air quality index % 84.27 84.04 84.50
Environmental quality index % 72.67 64.92 64.70

Source: environmental services

2.2. Algorithm fuzzy analytical hierarchy process

FAHP is developed from the analytical hierarchy process (AHP) method, which is considered better
for describing vague decisions [26]-[28]. A triangular fuzzy number (TFN) is a special class of fuzzy numbers
whose membership is determined by three real numbers and stated as low, middle, and upper. A comparison
table from the AHP linguistic scale value to the fuzzy number scale is shown in Table 2.

FAHP method is developed from the AHP method, which is considered better for describing vague
decisions. Drought-prone areas calculation using the FAHP method is explained in Figure 1. Steps in the FAHP
method calculation process are shown in Algorithm 1.

Algorithm 1. FAHP
Step 1: defining problems about drought-prone areas and parameters that are used in this research in the
form of a hierarchy structure.
Step 2: create a comparison matrix for all criteria and then calculate the consistency ratio value from the
comparison matrix with the provision of CR<0.1.
Step 3: change weighting results from scale AHP to scale TFN.
Step 4: determining the fuzzy value of the synthetic extent S; with (1) to (3).

Si = Z;n=1 Méi ® [Zln=1 Z;n=1 Méi] o)
Where:
.
D M= (Tl S my S ) @
Notes:

M: TFN numbers, m: total criteria, j: column, i: row, g: parameter (low, medium, upper).
While:

n om i1t ( 1 1 1 )

[Zi:le:lMgi] B Nau N m B b (3)
Step 5: determining vector value (V) and defuzzification ordinate value (d’). If the possibility between
fuzzy number comparison M; = (l;,my,u;)and M, = I, m,,u, and the possibility M, > M,
comparison of convex fuzzy number possibility can be used (4).

1,if myzmq
0,if 112U,

_ _ ) li—uy for other condition
V=M, = My)= (ma-uz)—(mq-1y) “)

Step 6: so that it is obtained weighted vector as (5).
T
W = (d(4,),d(4y), ..d(4,)) (5)
Step 7: the next step is the normalization of the fuzzy weighted vector value (W) with (6).

_adr(4n)
d(4,) = T) (6)
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Table 2. Comparison scale

e Scale
Description scale

Both elements are equally importance

One element is slightly more important than another element
One element is more important than another element

A powerful element is more important than another element
One element is more essential than another element
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2.3. Decision support system

Interactive-based DSS can be used to decide on an organization [29]. DSS utilizes unstructured data
and models to solve problems so that it can provide various alternatives for information and interpretation [30].
DSS has been synergized by a knowledge management system and has developed to make decisions. There
are four steps in DSS which include: intelligence, design, choice, and implementation. DSS provides several
benefits including obtaining fast and reliable decision results so it does not waste much time and can solve
complex as well as unstructured problems.

3. RESULTS AND DISCUSSION

In this research, we determined four criteria which were written as C1 to C4. These criteria will later
be calculated using the FAHP method to determine drought-prone areas. An explanation of the four criteria
can be seen in Table 3. The use of the FAHP method is suitable for finding better solutions to multi-criteria
decision-making (MCDM) problems.

The following is the FAHP algorithm that will be used in this study. Step 1 is defining problems in
the form of a hierarchy structure. Preparing comparison matrix for all criteria. Step 2 is calculating the
consistency ratio value from the comparison matrix with the provision of CR<0.1 is shown in Table 4. From
the calculation, it was obtained A maximum of 16.1 w. Cl was 0.02. IR was 0.89 and the ratio consistency value
of 0.0093. Thus, it can be declared that the matrix was consistent. Step 3 changes the weighted results of
pairwise comparisons into the TFN scale.

Step 4 determining fuzzy value of synthetic extent S; as in (2). The results of the sum of each TFN
number and the results of the inverse of the total number and fuzzy synthetic extent S; value shown in Table 5.
Step 5 after S; value was obtained, and the following step was to compare the level of possibility between the
fuzzy synthetic extend value and its minimum value. If the possibility of fuzzy number comparison M; =
(I, my,uy) and M, = I, m,, u, and the possibility M, = M,, comparison of convex fuzzy number possibility
can be used (3). Step 6 is determining the normalization of fuzzy weighted vector value (w) with (4). The result
of the weighted vector fuzzy value is shown in Table 6.

After obtaining the vector values for each criterion, the next step was to perform FAHP calculations
in each subdistrict in Lamongan Regency to display drought-prone areas based on the largest to smallest weight
ranking. The following is a list of drought-prone subdistricts in Lamongan which were determined from the
highest weight value to the lowest value as in Table 7.

Table 3. The DSS criteria Table 4. Matrix ratio consistency
Criteria code Criteria Criteria  Total Priority Results
C1 Rainfall intensity C1 5.20 0.55 5.75
Cc2 Land slope Cc2 4.30 0.23 453
C3 Types of soil C3 2.30 0.14 244
C4 Distance to the river C4 3.30 0.08 3.38
Total 16.1
CR 0.0093

Table 5. Inverse and synthetic extent value
Inverse criteria Fuzzy syntetic extent S; value
Criteria Low  Middle Upper Criteria  Low  Middle Upper
C1 12.0 18.0 22.0 C1 0.2449 0.4823 0.8833
c2 7.12 111 15.1 c2 0.1451 0.2977 0.6080
C3 4.30 6.50 9.30 C3 0.0886 0.1751 0.3747
Cc4 1.50 1.70 2.50 c4 0.0297 0.0449 0.1017
Total 249 37.3 49.0
Invers  0.0401 0.0268  0.0204
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Table 6. Weighted vector

Code Criteria d(4,)
C1l Rainfall intensity 0.4902
C2 Land slope 0.3235
C3 Types of soil 0.1422
C4 Distance to the river 0.0441

Table 7. Drought-prone areas result

Latitude Longitude District Value
-7.227947 112.131099 Modo 0.354
-7.305105 112.202635 Ngimbang 0.353
-7.355219 112.113214 Sukorame 0.346
-7.308781 112.131099 Bluluk 0.302
-7.180323 112.274168 Sugio 0.300
-7.175469 112.369541 Kembangbahu 0.285
-7.110216 112.464908 Deket 0.280
-7.080565 112.379972 Turi 0.248
-7.136392 112.345699 Sukodadi 0.198
-6.971933 112.290561 Laren 0.150
-7.11667 112.41667 Lamongan 0.148
-7.188449 112.411265 Tikung 0.146
-7.277529 112.345699 Mantup 0.130
-7.190734 112.464908 Sarirejo 0.128
-7.183951 112.202635 Kedungpring 0.121
-7.067586 112.512589 Glagah 0.117
-7.1033128 112.2026347 Babat 0.108
-7.312134 112.262246 Sambeng 0.088
-6.901013 112.226479 Brondong 0.080

-7.029803 112.464908 Karanghinangun 0.060

Accuracy testing is used to determine the ability of the system to make decisions, and whether the
results are accurate or not. Table 8 shows a comparison of rank DSS calculation and expert assessment with
a sample of 20 data. Based on the table, the accuracy of the prediction is calculated by ranking order. The
results showed that 85% accuracy was obtained by adding up the results of the correct and incorrect decisions
from the system. Calculation testing used the highest weight ranking as a drought-prone area.

After the procedure for testing the functionality of the system was carried out, testing the application
of the information system to the user was also conducted. This was done by distributing a questionnaire
containing five questions to 10 respondents. Based on the results of the respondents’ assessment, the average
value of respondent satisfaction averaged 97.2% for the existence of a DSS for the identification of drought-
prone areas in the Lamongan Regency. In this study, we used the FAHP method with its good ability to process
the weighting of several criteria and categories to produce several good choices. There are many problems
related to disaster management that can be solved by multi-criteria decision-making. The multi-criteria
decision-making method is known for its ability to process the weighting of several criteria and categories to
produce several good choices which allow for the incorporation of multiple criteria into a decision [31] based
on the preferences and behavior of the decision-makers.

The results showed that several sub-districts were prone to drought, such as Modo, Ngimbang,
Sukorame, Bluluk, Sugio, Kembangbahu, Sukodadi, Lamongan, Tikung, Mantup, Sarirejo, Kedungpring,
Glagah, Tripe, Sambeng, Brondong, and Karangbinangun. Accuracy testing is used to determine the ability of
the system to make decisions, and whether the results are accurate or not. Table 7 shows a comparison of rank
DSS calculation and expert assessment with a sample of 20 data. Based on the table, the accuracy of the
prediction is calculated by ranking order. The results showed that 85% accuracy was obtained by adding up
the results of the correct and incorrect decisions from the system. Calculation testing used the highest weight
ranking as a drought-prone area.

Drought is getting worse with the impact of global warming which causes very extreme climate
changes from year to year. The impact of drought includes limited water resources which have an economic
and social impact [11], crop failure increased food costs [2]. Drought threatens crop failure and increases
food costs, so it is necessary to reduce the risk of drought. Information regarding the distribution of drought-
prone areas can be used as input for conducting risk assessments and conducting disaster risk-oriented
management of water resources. One of the efforts in flood disaster management is to use a DSS that can
map drought-prone areas with the help of the FAHP method. Food security is highly dependent on the
agricultural sector in the country. Our findings show that the rapid dissemination of information to the public
to be more aware of drought in the agricultural sector is urgently needed. This DSS is expected to be able to
assist policy making in related organizations as an early warning system for drought.
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Table 8. Comparison expert assessment and DSS

Latitude Longitude No District Expert assessment FAHP assessment Result
-7.227947 112.131099 1 Modo Drought-prone area Drought-prone area Correct
-7.305105 112.202635 2 Ngimbang Drought-prone area Drought-prone area Correct
-7.355219 112.113214 3 Sukorame Drought-prone area Drought-prone area Correct
-7.308781 112.131099 4 Bluluk Drought-prone area Drought-prone area Correct
-7.180323 112.274168 5 Sugio Drought-prone area Drought-prone area Correct
-7.175469 112.369541 6 Kembangbahu Drought-prone area Drought-prone area Correct
-7.110216 112.464908 7 Deket Not drought prone Drought-prone area False
-7.080565 112.379972 8 Turi Not drought prone Drought-prone area False
-7.136392 112.345699 9 Sukodadi Drought-prone area Drought-prone area Correct
-6.971933 112.290561 10 Laren Not drought prone Drought-prone area False
-7.11667 112.41667 11 Lamongan Drought-prone area Drought-prone area Correct
-7.188449 112.411265 12 Tikung Drought-prone area Drought-prone area Correct
-7.277529 112.345699 13 Mantup Drought-prone area Drought-prone area Correct
-7.190734 112.464908 14 Sarirejo Drought-prone area Drought-prone area Correct
-7.183951 112.202635 15 Kedungpring Drought-prone area Drought-prone area Correct
-7.067586 112.512589 16 Glagah Drought-prone area Drought-prone area Correct
-7.103312 112.2026347 17 Babat Drought-prone area Drought-prone area Correct
-7.312134 112.262246 18 Sambeng Drought-prone area Drought-prone area Correct
-6.901013 112.226479 19 Brondong Drought-prone area Drought-prone area Correct
-7.029803 112.464908 20 Karangbinangun Drought-prone area Drought-prone area Correct

4. CONCLUSION

The purpose of this research is to produce a DSS that can provide information regarding the online
identification of drought-prone areas in each region in the Lamongan Regency. It can be concluded that the
DSS application can provide the best decision solutions and accurate results with the criteria determined by
stakeholders. Calculations are made by considering 4 parameters, namely including rainfall intensity, slope,
soil type, and distance to the river. The application will display the final calculation data sorted by the highest
weight rating with an accuracy rate of 85%. This ranking makes it easier for stakeholders to see the distribution
of data on drought-prone areas. In addition, respondents' satisfaction with the system averaged 97.2% in DSS
for identifying drought-prone areas in Indonesia. In future studies, the temperature and evapotranspiration
parameters can be added, to provide better results.
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