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Abstract

The drought index is an essential indicator for calculating forest fires” potential. Many methods are developed to maintain the drought
index. However, they provide less suitable at many places. Every area has their own character, and each of methods has their own speci-
fication. The spot problem is how to find the right method for those places. The forest of Bukit Suharto, has particular character as one of
the rain tropical forests, and it needs suitable method. Furthermore, this study is conducted to examine the right methods that compatible
for the forest. They are: Palmer Drought Severity Index (PDSI), Keetch Byram Drought Index (KBDI), Reconnaissance Drought Index
(RDI), Standard Precipitation Index (SPI), Effective Drought Index (EDI), McArthur Forest Fire Danger Index (MFFDI), and Standard
Precipitation Evapotranspiration Index (SPEI). Every method has specific variables for the calculation, namely, the period, the data’s
type, the formula’s complexity, the usability, and scale results’ type. On processing the seven methods, the researcher uses other tech-
niques to asses them, namely, ELECTRE, TOPSIS, and Analytic Hierarchy Process. In final process, the conclusion is compared through
the result. In summary, the results show that KBDI’s method is the most recommended, and TOPSIS is the best technique for recom-

mendations.

Keywords: Drought; Drought Index; Forest Fire; Electre; KBDI.

1. Introduction

Calculating the drought index requires an appropriate method,
according to the needs and circumstances of the environment. Not
all techniques can be used in all places because it relies on the
character of the region. Nowadays, the formula for calculating the
drought index has been developed by many scientists. To make a
proper measurement, a user needs to choose the best method in
calculating the drought index based on the specific purposes.
However, errors in selecting the right approach can result less data
accuracy.

Some people have not realized that measuring the drought index is
important to anticipate forest fires. In fact, the drought index can
increase people awareness even though after the fires occurs.
Drought indexes must be monitored from time to time so that an
increase or decrease trend can be identified, especially in the
summer. By knowing the pattern of the drought index, preventive
actions can be done in advance [1]. The problem is how to in-
crease the awareness of the community around the forest about the
drought index and understand the potential for forest fires that
might occur.

Like other objects, each method has a character which attached to
it. Like an object that has names, properties, types, and other at-
tributes, a technique also has characteristics such as properties,
abilities, characters, and others. For instance, the Keetch-Byram
Drought Index (KBDI) method, the measurement required the
maximum air temperature and the total rainfall during the last 24
hours [2].

Standardized Precipitation Index (SPI) [3] is one method com-
monly used to calculate the drought index with the character of the

ability to calculate in large amounts of data, has a simple formula-
tion, and the number of output classifications is quite complete.
These methods are recommended and commonly used in many
different countries.

Selecting a method must be based on the results of the comparison
with other methods. Some previous studies had conducted com-
parative study between one method with another by calculating
the drought index in particular area, the findings then are being
compared based on the calculation. Research has been done to
analyze the comparative performance of several drought index
methods undertaken in the Chi River Basin, Thailand [4]. The
results of approximations that are close to the factual condition are
considered to be the most suitable method. Selecting the best ap-
proach from various available techniques in such a way is not
always wrong, but another model as an alternative is needed to
help determining a method by comparing the properties of each
process.

The selection of the best alternative using the method was carried
out by S. Nazir et al., who used some criteria to determine the best
option, such as effectiveness, efficiency, satisfaction, safety, and
usability. The purpose is to choose the best opportunity to imple-
ment so that productivity remains good or even increased, also it
can minimize the cost, and improve quality [5] and evaluation [6].
The same idea is used to evaluate components used in software
[7], making inspiration for choosing the right method to calculate
the drought index using a technique.

In this study, researcher compared seven methods of drought in-
dex calculation method: the Palmer Drought Severity Index
(PDSI), Keetch-Byram Drought Index (KBDI), Reconnaissance
Drought Index (RDI), Standardized Precipitation Index (SPI),
Effective Drought Index (EDI), McArthur Forest Fire Danger
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Index (MFFDI) and Standardized Precipitation Evapotranspiration
Index (SPEI). The selection techniques based on topic popularity
in the past ten years. Based on search results using Google Scholar,
since 2010 PDSI discussed in about 17,900 articles, SPI discussed
as approximately 698,000 articles, EDI as 203,000 articles, RDI as
around 12,000 articles, and the SPEI as 23,400 articles. The seven
methods can be categorized as suitable methods to compare.

There are seven drought index calculation methods will be com-
pared using ELECTRE, TOPSIS, and Analytic Hierarchy Process
(AHP). The implementing multi-criteria based decision support
systems, these three methods are prevalent because they are easy
to implement, straightforward, comprehensive, and the results are
reliable [9]. In the last ten years, AHP used 54,400 articles, TOP-
SIS as many as 43,900 articles, and ELECTRE as 16,000 articles.
Comparing the properties between methods does not have to do a
drought index calculation then compares the results, but by identi-
fying the nature of each process with the specified classification
then calculated through an algorithm that can help decision mak-
ing. The effect of the calculation is the basis of the most recom-
mended way.

The results needed from this study are to produce a recommenda-
tion to decide one of the seven drought index calculation methods
that are suitable for use in the forest of Bukit Suharto. It is also to
test which of the three methods used to determine it (AHP, TOP-
SIS, ELECTRE) is the best result of the recommendations. The
recommendations for suitable means will use in forests that have
the same character or similar to the wood of Bukit Suharto.

2. Literature review

2.1. Multi-criteria decision making

The main problem for decision makers is that they often find dif-
ferent rules in determining the right decisions [10]. Part of the
other problem is that many criteria used as a consideration for
making decisions making decision makers hesitant about deciding
which choice is the most appropriate. Before choosing a method is
the availability of the required criteria and the relationship.
Multi-criteria decision support systems have been used by many
researchers to solve problems, for example analyzing supplier
information and communication technology offerings in the con-
tracting process [11], to determine the criteria for a sustainable
desalination plant location [12], determine the correct warehouse
location [13], and so on. The key to the success of the decision
support system is to identify the right method and variables that
are appropriate to the needs of decision makers.

Quality of decision can improved by using multi-criteria because
of the decision process more rational and efficient the results.
MCDM can be a modern decision-making science by providing
alternative options to make decision makers easier to make the
right decisions [14]. The more appropriate criteria used in a meth-
od, the more possibilities that generated from the calculation. And
that has a positive impact on decision makers to make more con-
vincing decisions.

The development of decision support in the future will be better
by conducting multi-criteria evaluations. Things that done by of-
fering a flexible assessment framework using fuzzy, covering a
broader field and involving some dimensions in solving problems
[15]. An example of the use of fuzzy logic in the development of a
decision support system is to investigate the supporting parts of
the security system in improving security [16]. Overlapping fields
require synergy between interrelated fields that will enrich input
and use fuzzy to provide flexibility not only to determine 0 or 1
choices.

2.2. Electre

ELECTRE is a multi-criteria decision-making method that com-
pares alternatives. ELECTRE is a multi-criteria decision-making
method that compares options. In this method, a limited set of
alternatives must be ranked best for the worst [14]. Each option
that will be analyzed, that will be given a parameter value as a
criterion and built in a pair between alternatives and appropriate
measures.

ELECTRE (Elimination and Choice Translation Reality), is a
method that is good enough to provide problem-solving services
by considering the methodological tools and foundation of several
criteria that help decisions. The ELECTRE method is currently
relevant for consideration of decision-makers with the characteris-
tics of decision makers wishing to include at least three criteria
models, five criteria, or more than twelve or thirteen [17].
ELECTRE can also be generated as ranking assistance to regulate
the number of limited decision alternatives, each of which ex-
plained regarding different characteristics. Characteristics are also
often called attribute or decision criteria. Alternative pairs and
decision criteria are represented using a two-dimensional matrix.
For each measure, each decision maker must define the threshold
of preference, indifference threshold, veto limit, a value of interest
for each criterion [18].

According to Mary et al., the decision-making stage using ELEC-
TRE is divided into a computation of concordance and discord-
ance matrix, computation of credibility matrix, ascending preorder
and descending preorder, and ranking of alternatives [18]. Regard-
ing on the five stages, it was then developed into seven steps of
calculation: normalization decision matrix, matrix weighting nor-
malized, computation of concordance and discordance matrix,
calculate, computation the dominant matrix of concordance dan
discordance, determine of aggregate the dominant matrix, and
elimination of less favorable alternative

To computation of concordance and discordance index, each pair
of alternatives k and 1 (k, 1 =1,2,3, .., m and k # 1) group of criteria
split into two subsets, the concordance, and discordance. Alterna-
tive criteria in the concordance if:

T — U Vgg = L'g_i'}gfm'_.'. =123...m 1)

HL

a corresponding subset of the set of concordance is discordance:

I — {_,l.; v kj = i_i'}’ fﬂ?’_ul =123....n (2)

HL

To calculate the value of the elements in the matrix of concord-
ance by summing the weights included in the set of concordance.

JECy 3)

To determine the value of the elements in the matrix of discord-
ance by dividing the maximum difference in the criteria included
in the subset discordance with the maximum difference between
the value of all existing criteria.

r
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max Vi — Vij }‘F’i'

1 4
Finally, will get the results matrix E gives the preferred order of
each alternative when the ex = 1 so Ak alternative is a better alter-
native than A Thus, the best alternative is an alternative that
dominates other alternatives
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2.3. Topsis

TOPSIS (Technique for Order Preference by Similarity to ldeal
Solution) is one of the popular methods in multi-criteria decision
support systems [9]. TOPSIS became a common method because
it was able to show solutions to problem-solving by providing the
best alternative. The best alternative according to TOPSIS is the
shortest distance from the positive ideal solution with the farthest
distance from the negative ideal solution. The distance coefficient
of each alternative is an important part to has been considered
with the order of preference of the specified alternatives. All at-
tributes considered so that the positive and negative ideal solutions
are found [19]. From the calculation found the order of values for
each alternative.

In general, the TOPSIS method is almost the same as the ELEC-
TRE method at the beginning of the determination of alternatives,
criteria, weighting, and decision makers provide value for each
option that fits each standard. But the fundamental difference be-
tween the two is the completion, the TOPSIS method is more
straightforward and produces conclusions in the form of an easy-
to-understand.

Multi-criteria problem solving using TOPSIS through seven steps:
Identifying evaluation attributes, Evaluation matrix and obtaining
normalized decision matrix, obtain weighted normalized matrix,
determine positive ideal solution (V+) and negative ideal solution
(V-), calculate separation measures using n-dimensional Euclidean
distance, calculate closeness coefficient, and determine percentage
contribution of strategy [20]. Steps 1-4 are still the same as the
electre method. The fundamental differences are in the next step
and the purpose of decision making.

The basic thing in using the AHP method is to determine the pref-
erence parameter values that are appropriate because each prefer-
ence value will be tested at the next stage [21]. The most im-
portant stage of the stages is the normalization of the decision
matrix using the following formula:

Xy,
IE"”JIXZ
T where i=1,2,..m; and j=1,2,..,n; (5)

R =

After getting the R matrix, then the next important step is to obtain
the weight by multiplying the R matrix with the weight matrix:

Vij = wj X Rjj (6)

The next step is to determine the ideal positive and negative solu-
tion, where for a positive ideal solution is to determine the highest
and negative ideal solution by determining the lowest value.
TOPSIS is a very effective method used to find the best alternative
from many choices [9]. Active means that this method can provide
appropriate recommendations easily as long as each indicator as a
comparison with other signs is ranked. The best alternative is an
alternative with the value of the calculation of the ratio of positive
ideal solution and negative ideal solution.

2.4. Analytic hierarchy process

Data input for the AHP method is also a matrix such as the
ELECTRE and TOPSIS methods. The initial stage of this method
is to determine the criteria weight then assess the importance of
each sub-criteria [22]. Input in a multi-criteria decision support
system method is a matrix because it stores information from two
dimensions between alternatives and criteria. This method is
called hierarchy because “criteria” will be divided into “sub-
criteria”, and each sub-criterion consists of parameters.

AHP provides a solution for decision makers in a structured man-
ner, to be able to solve complex problems involving three ele-
ments: objectives, sub (criteria) and alternatives. Six steps to solve
the problem using AHP method: identify each alternative with the
criteria (sub-criteria) with the appropriate value so that it repre-

sents the goal, create a pairwise comparison matrix between ele-
ments of the hierarchy at each level, determine the importance or
relative weight of the criteria and alternatives at each level, calcu-
late the consistency of pairwise comparison ratios for criteria and
alternatives, hierarchical analysis to get results, and make final
decisions based on results [23]. All of these stages apply to criteria
and each sub-criteria.

Like TOPSIS, an important step in the AHP method is to construct
the normalization of the decision matrix and construct the
weighted [19]. The normalization construction using the equation:

ﬂ[J,'

T

CI:_." =
1% where i=1,2,..m; and j=1,2,..,n; )
Based on the matrix c, the next step is the construction of the
weight matrix (w) using the formula:
W = _?:1 c;'l'_."
' n ,wherei=12,..m;and j=1,2,...n; (8)

The final result of the calculation using AHP is the order of values
for each alternative. Decision makers choose which alternative is
the highest value is the solution that is closest to the truth. Rec-
ommendations are generated in ranks so they are not ambiguous.
The key to success in the AHP method is to determine the degree
of importance between criteria. Errors in determining which crite-
ria are more important than other criteria will significantly affect
the calculation results. The pairwise comparison scale used to give
an assessment shown in table 1.

Table 1: Saaty’s pairwise comparison scale [19]

Scale Compare factor of i & j
1 Equally important
3 Weakly important
5 Strongly important
7 Very strongly important
9 Extremely important
2,4,6,8 An intermediate value between adjacent scales

3. Research method

3.1. Selection of alternatives

There is seven drought index calculation method as an alternative:

Al.Palmer Drought Severity Index (PDSI)
Calculates the drought index of the PDSI method, using
monthly rainfall data records and temperature. The balance of
groundwater can be categorized as soil moisture (which was
divided into upper and lower layers) depending on soil charac-
ter. Variables that are also important are Available Water Ca-
pacity (AWC) and Runoff (RO) [24]. PDSI calculated based
on soil moisture supply and demand models. Calculating de-
mand is more difficult than calculating supply because of not
only the temperature and amount of moisture in the soil but al-
so factors that are difficult to calibrate include evapotranspira-
tion and refill rates. In this method, an algorithm developed
that can calculate based on data, rainfall, and temperature.
Classes for wet and dry periods are divided into eleven catego-
ries starting from extremely wet if the drought index value is
more than 4 and extremely drought for drought index values
less than -4. As for the near-normal condition, the value equals
between 0.49 and -0.49 [25].

A2.Keetch-Byram Drought Index (KBDI)
Drought index according to Keetch-Byram is a number that
represents the effect of evapotranspiration and deposition of
water in the soil which results in cumulative moisture defi-
ciency or the quantity associated with organic matter in the
ground is flammable [3].
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KBDI fire risk levels split into six classes, namely very low,
low, moderate-high, very high, and extreme. To calculate the
daily drought factor (dQ) using the Keetch-Byram Drought
Index using S.I. Unit equation [26]:

(203.2— @) (DERexpPoeTam+La5ET] g an | dr -
do = EE I et 102 ™
A3.Reconnaissance Drought Index (RDI)

RDI is a method that often used in assessing drought index be-
cause it has high sensitivity and resistance. The more specific
calculation period can be adjusted according to circumstances.
The advantage of this method is the incorporation of inputs
and outputs from the circulation of water in the soil so that it
indirectly indicates the amount of water in the real ground.
RDI is suitable to be used to calculate the drought index in ag-
riculture [27]. In this method, effective precipitation is very
dominant because this is known how much water deposits in
the soil, including if there is water that is still below the plant
roots. RDI divides the output into seven classes.

A4 Effective Drought Index (EDI)

Calculating the dryness index using EDI by estimating the Ef-
fective Precipitation (EP), then figuring the average EP of 30
years, calculating the Daily Effective Precipitation (DEP), and
when the DEP results are negative, the condition is drier than
average. If this condition is continuous, then recalculate the
EP for the suspended period, then calculate the Mean EP
(MEP) and DEP, divided by the standard deviation of the DEP
for the previous 30 years. EDI calculation period is carried out
for an annual or 365 days precipitation. The class distribution
of drought index with extreme drought indication is more than
-2, serve drought between -2.0 to -1.5, moderate drought be-
tween 1.5 to -1, and close-normal between -1 to 1 [1].

Ab5. Standardized Precipitation Index (SPI)

SPI is a method that is very well known and used in various
countries in the world. This method is very flexible to monitor
drought and used as an early warning system for the impact of
drought in a region. The area covered in this method can be
expansive with the number of data records that can be calcu-
lated very long with a monthly calculation period. The param-
eter used to input data is deposition (the quantity of water in
the soil). Calculations using SPI do not have to be sequential
but can use different time data with a duration that can be de-
termined 1, 3, 6, 9 or 12 months. The weakness of this method
is because it only uses water absorption data so it can just
measure rainfall deficits [4].

AB6.The McArthur Forest Fire Danger Index (MFFDI)

This method uses calculations based on the dry-bulb tempera-
ture in Celsius degree (T), relative humidity (U), wind speed
(km/h) taken at an altitude of 10 m above ground level (H) and
Drought Factor (DF). MFFDI calculation uses the formula:
MFFDI = 2 exp (-0.45 + 0.987 In DF + 0.0338T — 0.0345H +
0.0234V) ) [28]

A7.Standardized Precipitation Evapotranspiration Index (SPEI)
The calculation of the drought index using SPEI is to calculate
the difference between Potential Evapotranspiration (PET) and
rainfall which describes the level of deviation from dry and
wet conditions. The calculation stage is to calculate the differ-
ence between monthly deposition and PET, then the accumu-
lation of differences with different time scales (3, 6, or 12
months, or other) is then normalized. If the SPEI value is
above 1 then it shows a humid climate and if the SPEI value is
below -1 then it shows a dry climate [24].

3.2. Selection of criteria

There are five criteria referenced in the decision:

C1. Calculation period
This calculation period includes the range between one data
and the next data that is input into the calculation. Examples

of current calculation periods are daily, monthly, and yearly.
The calculation period needed is the daily period because it
will be used to predict the daily drought index, so the daily pe-
riod has the highest value (value 5) and monthly has a value
below (value 4), and the annual value is 3.

C2. The type of data needed for calculation
The kind of the data required to do the intended calculation are
the types of variables that are input in the count. Examples are
daily maximum temperature, daily rainfall data, humidity,
wind direction, and so on. The more full the input variable, the
higher the value.

C3. The complexity of the formula used
The complexity of the calculation referred to in this study is
the level of difficulty in using mathematical calculations. Cal-
culation of the drought index requires not too complicated but
also not too simple. Giving value to this criterion is increas-
ingly complex the higher the value.

C4. Usability (by many people/countries)
The more used by researchers or states, the better the calcula-
tion method. However, precisely this criterion will be assessed
which methods are often used to calculate in the tropics.

C5. The type of calculation result scale
The use of a level to represent the results becomes one of the
method assessment criteria to be chosen. A method usually
classifies the calculation results into a certain range. The more
range provided, the better the classification of the type of
drought index.

3.3. Rating suitability

Rating suitability of each alternative on each criterion rated 1 to 5
with the provisions of very bad (1), bad (2), enough (3), good (4),
and very good (5).

3.4. Determine the level of interest

The level of interest that will use as the weight of each preference
criteria also evaluated with 1 to 5: Very Low (1), Low (2), Enough
(3), High (4), and Very High (5).

3.5. Preference weights

Decision makers give preference weights as W = [5, 3, 4, 4, 5]
with the consideration that the calculation and classification period
of the calculation results become the essential variable so that the
preference weight value is 5. Then the complexity of the formula
is used and usability considered as the next important variable
with the preference weight value of 4. The type variable of data
needed for calculation is the next important variable with the pref-
erence weights value of 3. The result of giving preference weight
then made into an identity matrix:

oooo

W=

oo oo
[= Q=== 0]
(== S = ]

0
0
4
0

o oo

3.6. Determined the suitability rating

Determining the suitability rating of each alternative in each of
these criteria is based on the analysis of each alternative by as-
sessing all criteria. The parameters used for each criterion vary
depending on the data input requirements. This table is input into
the three methods that will test, and specifically for ELECTRE
and TOPSIS methods, table 2 will be converted into a matrix.
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Table 2: the suitability rating of each alternative on each criterion

Alternative C1 C2 C3 C4 C5
Al 3 5 5 3 3
A2 5 2 4 5 5
A3 3 2 3 3 3
A4 3 5 3 3 3
A5 3 8 3 5 5
A6 5 8 3 3 2
A7 3 8 5 3 5

4. Result and discussion

4.1. Calculation using electre

After the parameter value was determined and the weighting at the
initial stage has been carried out. Based on alternative and criteria

(table 2) then made a normalized decision matrix (R):

0.307754
0.512989
0.307754
0.307754
0.307754
0.51298%
0.307754

0.542326
0.216930
0.216930
0.5423328
0.3253%6
0.3253%
0.325396

0.495074
0.396059
0.297044
0.297044
0.207044
0.297044
0.495074

0.307754
0.512989
0.307794
0.307794
0.512389
0.307754
0.307794

0.4585643
0.291386

D.Z?lEEIT
0.291386
D.485643J

0.194257
0.4585643

After getting the normalized matrix, then each element is multi-
plied by its weight. The results of the multiplication are called the
normalized and weighted matrix. From this matrix then deter-
mined the positive ideal solution (A*) and negative ideal solution
(AY). Table 3 shows the greatest value of each criterion element as
a positive ideal solution and the smallest value of each criterion
element as a negative ideal solution.

Table 3: the positive and negative ideal solution

Alternative Cl C2 C3 C4 C5
A* 2.5649 1.6270 1.9803 2.0520 2.4282
A 1.5390 0.6508 1.1882 1.2312 9713

The next step is to calculate the difference between each element
of the normalized matrix and weighted with the positive or nega-
tive ideal solution. The final result of the calculation using TOP-
SIS shown in Table 4.

Table 4: Result of calculation using topsis

Then normalize the weights matrix V' by multiplying the matrix R
with matrix W.

1.538968 1.626973
2.564%9456 0.650791
1.5339658 0.650791
1.5339658 1.626973
1.5389658 0.976187
2.564046 0.976187
1.538968 0.976167

1.231174
2.051957
1.231174
1.231174
2.051957
1.231174
1.231174

1980295
1.554230
1118177
1118177
1118177
1118177
1980295

2.428215
1.456919
1.456919
2.428215
0.971286
2.425215

1.456927

The next stage, matrix f is multiplied by matrix f so as to produce
a matrix e (ex = fx ).

011011 100111 ocoo0o011
0 11119} 1 DlDDDW ] DlDDD}
(] 1000 11 1111 (] 1000
eg=4101 010 pxq110 111 ;=4100 o010
ooil1 11 1100 01 o000 01
ooi1o00 0 11001 1 oo0o00O0 0
101111 010010 oo0oo10

The last step is elimination less desirable alternative.

the matrix e, the value is 1:
e16 = 1, Alternative 1% better than alternative 6%
e17 = 1, Alternative 1% better than alternative 7t
e24 = 1, Alternative 2" better than alternative 41
esa = 1, Alternative 3 better than alternative 4
es1 = 1, Alternative 41 better than alternative 1%
ess = 1, Alternative 41 better than alternative 6™
es7 = 1, Alternative 51 better than alternative 7t
e7s = 1, Alternative 7t better than alternative 5™

Regarding

Based on eight results of elements that have a value of 1, then the

conclusion:

a. Alternative 2™ better than alternative 41, 1%, gth, 7th

b. Alternative 3™ better than alternative 4™, 1st, gth, 7th

c. Counterproductive between es7 and ezs causes both to be ig-
nored.

4.2. Calculation using topsis

By using the same data input (suitability rating and weights), it is
now calculated using the TOPSIS method. Step 1-4 is almost the
same as the electre method, then TOPSIS has a different way.
Based on the input from Table 2, a normalized matrix is formed
using a formula: -

|

sz.:lej, J= 123 = L23um

i j

Alternative S* S- RC Rank
Al 1.6339 1.3477 0.4520 4
A2 1.0535 2.0015 0.6552 1
A3 2.0616 0.4856 0.1907 7
A4 1.8158 1.0903 0.3752 5
A5 1.4504 1.7036 0.5401 2
A6 1.9615 1.0763 0.3543 6
A7 1.4662 1.6900 0.5354 3

4.3. Calculation using analytic hierarchy process

In this method also uses input as in table 2. The first step is to
determine the degree of importance of each criterion and each sub-
criterion in a pairwise comparison matrix. Table 5 shows the de-
termination of the weight values in the pairwise comparison of
each criterion with other criteria based on Table 1.

Table 5: the pairwise comparison matrix

Alternative Cl C2 C3 C4 €5
C1 1 9 9 9 9
C2 0.111 1 7 5 7
C3 0.111 0.143 1 7 5
C4 0.111 0.200 0.143 1 9
C5 0.111 0.143 0.200 0.111 1

Determining the degree of importance of each criterion is the most
crucial stage because it is very influential on the final results.
Likewise, the determination of the degree of significance for each
sub-criterion in the next phase. Finally, after the calculation of the
consistency ratio of each criterion and sub-criteria, the results
shown in Table 6.

Table 6: the result criteria and sub-criteria calculation

C1 C2 C3 C4 C5
0.553 0.206 0.125 0.088 0.028
Daily Moderate Moderate Many Many
1.000 1.000 1.000 1.000 1.000

Monthly Complex Complex Moderate Moderate
0.258 0.384 0.342 0.345 0.345
Yearly Simple Simple Little Little
0.095 0.097 0.652 0.079 0.079

Table 6 also explains each criterion having sub-criteria, such as
the calculation period criteria has three sub-criteria: daily, monthly,
and yearly. The final results of calculating the calculation period
criteria getting a result value 0.553 and each sub-criterion also has
a result value. Likewise for other criteria also get the results value
with each sub-criterion.

Based on Table 6, the AHP method has completed the process of
calculating criteria and sub-criteria values. From the results of the
calculation, the input values then entered from Table 2. Each ele-
ment of table 2 (which has been adjusting with each sub-criteria)
value multiplied by the value of the final calculation result of cri-
teria. The calculation results shown in Table 7.
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Table 7: Result of calculation using the analytic hierarchy process

Alternative C1 C2 C3 C4 @©5) Total | Rank
Al 0.143 | 0.206 | 0.125 | 0.030 | 0.010 | 0.513 3
A2 0.553 | 0.020 | 0.043 | 0.088 | 0.028 | 0.732 1
A3 0.143 | 0.020 | 0.043 | 0.030 | 0.010 | 0.245 6
Ad 0.143 | 0.206 | 0.043 | 0.030 | 0.010 | 0.431 5
A5 0.143 | 0.079 | 0.125 | 0.088 | 0.028 | 0.463 4
A6 0.553 | 0.079 | 0.043 | 0.030 0.02 0.708 2
A7 0.143 | 0.079 | 0.125 | 0.088 | 0.028 | 0.463 4

5. Conclusion

The recommended alternative for drought index calculation meth-
od using the ELECTRE method are alternative 2" (Keetch-Byram
Drought Index) and alternative 3™ (Reconnaissance Drought In-
dex). Both results recommended with the final value which is
equally better than the other alternatives, and both alternatives do
not negate each other. The fifth and alternative of the seventh
cannot conclude because they deny each other.

Using TOPSIS method, the alternative 2™ (Keetch-Byram
Drought Index method) is more convincing to be the recommend-
ed method of other methods with the RC value is 0.6552, then the
alternative 5" (Standard Precipitation Index Method) with the RC
value is 0.5401.

Based on the results of calculations using the analytic hierarchy
process method to produce the highest sequence of results is the
alternative 2", then alternative 6! and alternative 1

Based on the three ways (ELECTRE, TOPSIS, Analytic Hierarchy
Process) it can be concluded that the Keetch-Byram Drought In-
dex method is a method that is truly convincing according to the
needs of drought index calculation in the forest of Bukit Suharto.
Based on the use of the three methods, it shows that the recom-
mendations produced by TOPSIS are better because they present-
ed in the form of ranking from the highest value so that they do
not cause differences in interpretation. This result is different from
the recommendations produced by ELECTRE which has two bal-
anced proposals so that decision-makers must consider other
things to decide. AHP also provides good suggestions, but giving
a degree of importance to each criterion and sub-criteria test has a
high risk of unstable final results.

The justification for evaluating the suitability rating of each alter-
native on each criterion and giving preference weighting is the
most crucial step because the error in granting weight will result in
different results. In this study, if one of the variables changed the
value of justification and the importance of its preferences, poten-
tially will produce different conclusions.

For the time being, the results of the selection of this method are
promising. But it needs to be tested with other means of the many
techniques that can be used to calculate the drought index and
other test variables.

Acknowledgment

Research experiment reported here is pursued under the Bridging
Grant by Universiti Sains Malaysia [304.PKOMP.6316019], Re-
search University Grant (RUI) by Universiti Sains Malaysia
[1001.PKOMP.8014073], Fundamental Research Grant Scheme
(FRGS) by Ministry of Education Malaysia [FRGS/1/2018/
1ICT02/USM/02/10] and [203.PKOMP.6711534].

References

[1] D.W. Kim, H. R. Byun, and K. S. Choi, “Evaluation, modification, and
application of the Effective Drought Index to 200-Year drought
climatology of Seoul, Korea,” J. Hydrol., vol. 378, no. 1-2, pp. 1-12,
2009.

[2] A. Suyatno, “Artificial neural network-based risk assessment system for
forest fire hazard level” National Seminar. Inform., vol. 2011, no.
semnaslF, pp. 1-7, 2011.

[3] Keetch and Byram, “A Drought Index for Forest Fire Control,” USDA

(4]
[5]

(6]
[

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

For. Serv. Res. Pap. SE-38, p. 33, 1968.

G. Ren et al., “SPI user guide,” J. Clim., vol. 21, no. 6, pp. 1333-1348,
2008.

T. Homdee, K. Pongput, and S. Kanae, “A comparative performance
analysis of three standardized climatic drought indices in the Chi River
basin, Thailand,” Agric. Nat. Resour., vol. 50, no. 3, pp. 211-219, 2016.
S. Nazir et al., “Software component selection based on quality criteria
using the analytic network process,” Abstr. Appl. Anal., vol. 2014, 2014.
J. C. Shah Nazir, Sajid Anwar, Sher Afzal Khan, Sara Shahzad,
Muhammad Ali, Rohul Amin, Muhammad Nawaz, Pavlos Lazaridis,
“Software Component Selection Based on Quality Criteria Using the
Analytic Network Process,” Br. J. Psychiatry, vol. 205, no. 01, pp. 76—
77, 2014.

S. Nazir, S. Shahzad, M. Nazir, and H. U. Rehman, “Evaluating security
of software components using analytic network process,” Proc. - 11th
Int. Conf. Front. Inf. Technol. FIT 2013, pp. 183-188, 2013.

E. K. Zavadskas, A. Mardani, Z. Turskis, A. Jusoh, and K. M. Nor,
Development of TOPSIS method to solve complicated decision-making
problems: An overview on developments from 2000 to 2015, vol. 15, no.
3.2016.

A. Kolios, V. Mytilinou, E. Lozano-Minguez, and K. Salonitis, “A
comparative study of multiple-criteria decision-making methods under
stochastic inputs,” Energies, vol. 9, no. 7, pp. 1-21, 2016.

A. Cid-L6pez, M. J. Hornos, R. A. Carrasco, and E. Herrera-Viedma,
“Applying a linguistic multi-criteria decision-making model to the
analysis of ICT suppliers’ offers,” Expert Syst. Appl., vol. 57, pp. 127—
138, 2016.

F. Dweiri, S. A. Khan, and A. Almulla, “A multi-criteria decision
support system to rank sustainable desalination plant location criteria,”
Desalination, vol. 444, no. July, pp. 26-34, 2018.

I. Journal and S. S. Vol, “Selection of Logistics Centre Location via
ELECTRE Method: A Case Study in Turkey H . Tezcan UYSAL
Lecturer Bilent Ecevit University Zonguldak Vocational High School
Department of Management and Organization Department of Logistics
Zonguldak Turkey Kemal,” vol. 5, no. 9, pp. 276-289, 2014.

J. Sharma, “A Comprehensive Literature Review Of Mcdm Techniques
Electre , Promethee , Vikor And Topsis Applications In Business
Competitive Research Article A Comprehensive Literature Review Of
Mcdm Techniques Electre , Promethee , Vikor And Topsis Applications
In B,” No. February, 2018.

A. Stratigea and E. Grammatikogiannis, “A multicriteria decision
support framework for assessing alternative wind park locations: The
case of Tanagra - Boiotia,” Reg. Sci. Ing., vol. 4, no. 1, pp. 105-120,
2012.

Nazir S. et al, “Fuzzy logic based decision support system for
component security evaluation,” 2015.

V. Mousseau and B. Roy, “Chapter 1 ELECTRE METHODS
Introduction : A brief History,” pp. 1-35.

S. A. S. A. Mary and G. Suganya, “Multi-criteria decision making using
ELECTRE,” Circuits Syst., vol. 07, no. 06, pp. 1008-1020, 2016.

R. Karim and C. L. Karmaker, “Machine Selection by AHP and
TOPSIS Methods,” Am. J. Ind. Eng. Vol. 4, 2016, Pages 7-13, vol. 4, no.
1, pp. 7-13, 2016.

A. Jabbarzadeh, “Application of the AHP and TOPSIS in project
management,” J. Proj. Manag., vol. 3, pp. 125-130, 2018.
Hanif-Ur-Rehman, H. K. Bamma, S. Nazir, S. Shahzad, and T. Hodosi,
“A sourcing decision model for application maintenance services,”
Proceeding - 2017 3rd Int. Conf. Sci. Inf. Technol. Theory Appl. IT
Educ. Ind. Soc. Big Data Era, ICSITech 2017, vol. 2018-January, pp.
401-407, 2018.

S. A. Erdogan, J. Saparauskas, and Z. Turskis, “Decision Making in
Construction Management: AHP and Expert Choice Approach,”
Procedia Eng., vol. 172, pp. 270-276, 2017.

O. Capraz, C. Meran, W. Woérner, and A. Gungor, “Using ahp and topsis
to evaluate welding processes for manufacturing plain carbon stainless
steel storage tank,” Arch. Mater. Sci. Eng., vol. 76, no. 2, pp. 157-162,
2015.

X. Gao et al., “Temporal and spatial evolution of the standardized
precipitation evapotranspiration index (SPEI) in the Loess Plateau under
climate change from 2001 to 2050,” Sci. Total Environ., vol. 595, pp.
191-200, 2017.

W. C. Palmer, “Meteorological Drought,” U.S. Weather Bureau, Res.
Pap. No. 45. p. 58, 1965.

M. E. Alexander, “Computer Calculation of the Keetch-Byram Drought
Index-Programmers Beware!,” Fire Manag. Notes, vol. 51, no. 4, pp.
23-25, 1990.

D. Tigkas, H. Vangelis, and G. Tsakiris, “Introducing a Modified
Reconnaissance Drought Index (RDle) Incorporating Effective
Precipitation,” Procedia Eng., vol. 162, pp. 332-339, 2016.

J.J. Sharples, R. H. D. McRae, R. O. Weber, and A. M. Gill, “A simple
index for assessing fire danger rating,” Environ. Model. Softw., vol. 24,
no. 6, pp. 764-774, 2009.



