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ABSTRACT

A drought is when reduced rainfall leads to a water crisis, impacting daily life. Over recent decades, droughts
have affected various regions, including South Sulawesi, Indonesia. This study aims to map the probability of meteo-
rological drought months using the 1-month Standardized Precipitation Index (SPI) in South Sulawesi. Based on SPI,
meteorological drought characteristics are inversely proportional to drought event intensity, which can be modeled using
a Non-Homogeneous Poisson Process, specifically the Power Law Process. The estimation method employs Maximum
Likelihood Estimation (MLE), where drought event intensities are treated as random variables over a set time interval.
Future drought months are estimated using the cumulative Power Law Process function, with the B and y parameters more
significant than 0. The probability of drought months is determined using the Non-Homogeneous Poisson Process, which
models event occurrence over time, considering varying intensities. The results indicate that, of the 24 districts/cities in
South Sulawesi, 14 experienced meteorological drought based on the SPI and Power Law Process model. The estimated
number of months of drought occurrence in the next 12 months is one month of drought with an occurrence probability
value of 0.37 occurring in November in the Selayar, Bulukumba, Bantaeng, Jeneponto, Takalar and Gowa areas; in October
in the Sinjai, Barru, Bone, Soppeng, Pinrang and Pare-pare areas; as well as in December in the Maros and Makassar areas.
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1. Introduction

South Sulawesi plays a strategic role in maintaining
the stability of national food security, especially in Eastern
Indonesia. The province is one of Indonesia’s leading rice
producers, with milled dry grain production reaching 5.3
million tons in 2019, which, if converted into rice, is around
3 million tons; this means that South Sulawesi recorded a
surplus of nearly 2 million tons. This makes the province
a significant food barn in Eastern Indonesia (KTI) and one
of the national best contributors to food security!!l. How-
ever, considerable challenges remain, mainly due to climate
change and droughts that impact agricultural production. In
2023, South Sulawesi experienced a prolonged drought until
November!?]. This condition seriously threatens the farming
sector, especially regarding water availability for irrigation
and the increased risk of crop failure.

Drought is among the most destructive natural disasters
in almost all geographical areas[3!. Based on their impact,
droughts can be categorized into four types: (1) meteorolog-
ical droughts, which occur when rainfall is below average
for a period of time; (2) hydrological droughts, which are
characterized by reduced water availability on the surface
and in the soil; (3) agricultural droughts, which cause a de-
cline in agricultural production due to reduced water supply;
and (4) socio-economic droughts, which are associated with
disruptions in the supply and demand of economically valu-
able goods!®. Meteorological drought is often the initial
trigger for other types of droughts. Its impact on human ac-
tivities is evident in two main aspects: reduced groundwater
availability and quality and reduced agricultural yields ¢,

Drought is characterized by a decrease in rainfall that
lasts for an extended period, such as a season or even a
year, and can occur in almost all climate zones in areas
with high and low rainfall”]. Rainfall is the main parameter
in monitoring drought conditions, so the accuracy of rain-
fall data is crucial in determining the availability of water
in a region!®). Various rainfall-based drought indices have
been developed for assessment and monitoring. These in-
dices include the Standardized Precipitation Index (SPI)[],
the Palmer Drought Severity Index (PDSI)!'], the Percent
of Normal Index (PNI)!'!l, the Effective Drought Index
(EP)[1?1, etc. Among these indices, SPI is widely used to as-
sess meteorological drought, including in Indonesia (BMKG,
2024). Drought assessment using SPI has proven effective,

as Faisol et al. used SPI to describe agricultural drought in
West Papua, Indonesial!3). Pramudya and Onishi showed
that the current use of SPI can help refine drought assess-
ment by describing erratic rainfall conditions and weather
anomalies in Tegal City '],

The SPI was first developed by McKee in 1993 and
has been standardized internationally so that it can be used
in different geographic locations with varying data on rain-
fall. SPI is calculated by fitting rainfall data to a gamma
probability distribution function (I') and converting the I
distribution to a normal distribution. The SPI is derived from
cumulative rainfall for a specific time period according to the
needs of the analysis. SPI classifies drought levels into three
categories: drought, severe drought, and extreme drought®.
The calculation of SPI is more straightforward than other
indices because it only requires precipitation data. The SPI
is particularly useful in drought risk analysis and estimation
in areas with limited data and where other parameters, such
as river flow, evapotranspiration, and soil moisture, may not
be available. SPI can determine droughts’ duration, size,
and intensity and define different types of droughts, such as
hydrological, agricultural, and environmental droughts!!>).

The advantage of SPI is the ease of monitoring drought
conditions. However, SPI has the limitation of only being
able to provide information on drought conditions based on
current or past rainfall data. Therefore, appropriate efforts
are needed for more effective planning in anticipating future
droughts, such as analyzing to predict drought periods. Pre-
dicting drought periods is one of the most challenging climate
problems for scientists and hydrologists because droughts
are complex, and their occurrence is random and varies over
time 3,

One of the relevant stochastic processes for modeling
drought events is the Non-Homogeneous Poisson Process.
The Non-Homogeneous Poisson Process allows for captur-
ing fluctuations and changes in event occurrence over time,
which may be more appropriate for analyzing dynamic and
unstable phenomena (', The non-homogeneous Poisson pro-
cess is a counting process that describes random events that
occur at specific time intervals, with the intensity of events
changing over time!'”). The Non-Homogeneous Poisson Pro-
cess is a generalization of the Poisson Process, also called
the Non-Stationary Poisson Process. This is because the inci-

dence rate in the Non-Homogeneous Poisson Process is not
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constant. In a Non-Homogeneous Poisson Process, the inten-
sity or incidence rate is represented by the intensity function
Mt). The intensity function A(t) describes how the incidence
rate changes over time['8). Non-homogeneous Poisson pro-
cesses have been used in various fields, for example, to model

repairable system failures!'”), analyze extreme rainfall (2],

and estimate the number of ozone exceedances!?!.

Specific models of the Non-Homogeneous Poisson
Process include Goel-Okumoto (GOP)[??], Musa-Okumoto
(MO) 23] and Power Law Process!!”). The Power Law Pro-
cess is the Duane®!, Crow-AMSAA, or Weibull process
model. This is because the ROCOF (Rate of Occurrence of
Failures) is a function of t that has the same shape as the haz-
ard rate of the Weibull distribution. The Power Law Process
can model a functional relationship between two variables,
where one variable changes with the rank of the other!?3].
Two categories of data cases can be applied in estimating
the Power Law Process model: the time interval between
events and the number of events observed in the specified
intervall'7],

This study uses the Power Law Process as a particu-
lar case model of the Non-Homogeneous Poisson Process
to describe the varying drought intensity in the South Su-
lawesi region. Drought intensity is obtained using the SPI
index with a time scale of one month. The selection of the
Power Law Process is based on the characteristics of the
model that can interpret the event’s magnitude, which is in-
versely proportional to its intensity. This is in line with the
results of the characterization of drought intensity, which
shows that extreme drought events occur less frequently than
severe drought and drought events in the South Sulawesi
region. The Power Law Process model estimation uses a
data case where the number of drought events obtained is
considered a random variable within a predetermined obser-
vation time (time truncated)!!7]. The results of the model fit
test showed that out of 24 districts/cities in South Sulawesi,
14 districts/cities showed a fit of drought intensity with the
Power Law Process model with parameter estimation values

B and y greater than 0. These estimated values were used

to calculate the number of drought events that will occur
in the future using the expectation function of the Power
Law Process. The estimated values are mapped to provide
information on the period of drought events that will occur

in the future.

2. Materials and Methods

2.1. Materials

2.1.1. Study Areas

This research covers 24 districts/cities in South Su-
lawesi, which are located between latitude 0°12'—8’ South
Latitude and longitude 116°48'—122°36’ East Longitude bor-
dering West Sulawesi to the north, Bone Bay and Southeast
Sulawesi to the northeast, Makassar Strait to the west, and
the Flores Sea to the south (Figure 1). The climate of South
Sulawesi is wet tropical, with two main seasons, namely the

rainy and dry seasons.

o ) 21,

SOUTH SULAWESI

Figure 1. Research location.

2.1.2. Data Collection

The data used in this research is secondary data in the
form of monthly rainfall amounts for 42 years or 516 months
(January 1981—December 2023) in each district/city in South
Sulawesi (Table 1) obtained based on coordinates (single
point latitude and longitude) on the NASA website POWER
Project’s Data Access Viewer (https://power.larc.nasa.gov/
data-access-viewer/).

Table 1. List of regency/city coordinates in South Sulawesi for collecting rainfall data on the NASA POWER website.

City/Regency Latitude Longitude City/Regency Latitude Longitude
Selayar —6.0143 120.4977 Wajo —4.1279 120.0296
Bulukumba —5.5483 120.1967 Sidrap —3.8633 119.9643
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Table 1. Cont.

Bantaeng —5.5472 119.9508
Jeneponto —5.6765 119.7483
Takalar —5.4228 119.4647
Gowa -5.3161 119.7157
Sinjai —5.2356 120.1607
Maros —5.0052 119.5726
Pangkep —4.5328 119.5934
Barru —4.4262 119.6957
Bone —4.6853 120.1286
Soppeng —4.3333 119.8906

Pinrang —3.7891 119.6483
Enrekang —3.5696 119.7768
Luwu —3.1954 120.1837
Tana Toraja —3.0957 119.8508
Luwu Utara —2.3952 120.1597
Luwu Timur —2.5396 121.1366
Toraja Utara —2.8839 119.8702
Makassar —5.1469 119.4308
Pare-Pare —4.0061 119.6201
Palopo —2.9987 120.1815

2.2. Methods

2.2.1. The Standardized Precipitation Index
(SPI) as a Drought Indicator

SPI is a drought measuring tool used to evaluate and
monitor precipitation patterns over various time periods. SPI
measures how wet or dry an area is compared to normal
conditions based on historical precipitation data. The SPI
calculation in this research uses the method proposed by
McKee. The calculation begins by converting the observed
rainfall data to a gamma distribution as Equation (1) using

the following equation [°:

!
~ f°T(a)

where the gamma function as Equation (2) is obtained from

g(x) 2 Ye" 5 forz, B,a >0 )

the integral:

r(= [yt @

0

To determine the parameters o and  in Equation (3),

the following formula is used:

()

Sd?

o= and 08 =

(€))

o8I

With mean and standard deviation is given by Equation
(4) as follows:

i 2% and Sd —

n

“

The gamma distribution is undefined for x = 0, there-
fore, for zero-valued precipitation, the following cumulative
probability is used by Equation (5):

H(z)=q+(1-q)g(z) (%)

where q is the probability of zero rainfall, and q is the num-
ber of zero rainfall events divided by the amount of data.
Calculating the SPI value as Equations (6), (7), and (8) then
changes the gamma distribution of rainfall to a normal distri-
bution with the following equation.

For0 < H (z) <0.5

co+ cit + 02t2 6)
1+ dit + dot? + dst® )’

SPI =— <t

where:

for 0.5 < H (x) < 1, we have Equation (7) as follows:

co+cit + 02752
SPI = |t— , 7
< 1+d1t+d2t2+d3t3) M
where:
1
t=,|ln <2> ®)
(1-H (2))
with:
co = 2.515517 dy = 1.432788
c1 = 0.802853 do = 0.189269
co = 0.010328 ds = 0.001308

Drought occurs when the SPI reaches drought intensity
with SPI < — 1, while the drought will end if the SPI > 1.
The classification of drought intensity for a specific time

scale can be seen in Table 2 below: !

Table 2. Classification of SPI Values.

SPI Values Classifications
(-0.99)-0.99 Normal
(—0.1)~(—1.49) Drought
(-1.5)-(-1.99) Severe drought
<-2.00 Extreme drought

441



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

2.2.2. Power Law Process

A process of calculating { N (t),¢ > 0} is said to be a
Non-Homogeneous Poisson process with an intensity func-
tion A (t), t > 0, ifl!8:

e N(0)=0
e {N(t),t > 0} has free increase
e P{N(t+h)—N({t)=1}=X(t)+o(h),and
o P{N(t+h)—N(t)>2} = o(h), where h > 0 and
o(h) is a small number that meets the conditions
lim 21 —
h—0 "
In general, {N(t),t > 0} is expressed as a Non-
Homogeneous Poisson process based on the Equation (9) as

follows:
P(Nw =n) = stp— Jo A®ydt

n=01,2...n

(€))

The Power Law Process is described as a Non-
Homogeneous Poisson Process {N(t),t > 0} with the
intensity function as Equation (10) given by Rigdon and

Basul!l:

BY ()

At) = (> (> ,7y>0,3>1,t>0  (10)
v Y

The expected value function as Equation (11) is given

by Rigdon and Basu!!"):

(11)

2.2.3. Power Law Process Model Suitability
Testing

To test the suitability of the Power Law model, the

Cramér-von Mises test is used with the hypothesis:

Hy: The intensity of the incident is in accordance with the
Power Law Process model

H;: The intensity of the incident does not match the Power
Law Process model

The Cramér-von Mises test statistics are expressed as

Equation (12) on the following equation!7]:

1 - 21\
12(n)+;<R_ 2n>

R is the power transformation ratio given by Equation (13):

Ch = (12)

(13)

[ is an unbiased estimator given by the Equation (14):

PR G A (14)

>y In (tT")

The Hy decision is accepted if the C% test statistical
value based on calculations is smaller than the critical value
for the Cramér-von Mises Test, which means the Power Law
Process Model is appropriate. If the test statistic value C'% is
greater than the critical value for the Cramér-von Mises test

then H is rejected, which means the model is not suitable.

2.2.4. Power Law Process Parameter Estima-
tion

Let tq,%0,13,..

from a distribution, with a joint probability density function

f(tl, to,...
that occurred up to time ¢; for0 < t; < to < --- < t,,. Ifthe

., t, be independent random samples
,tn; B, ) where n denotes the number of events

joint probability density function is expressed as a function
of B and ~ then the likelihood function in Equation (15) is
denoted as L(tq,to, ..

for parameters B, y is given as follows!!”):

L(tth,...,tn;B,’Y) = <1_j[1A(tL7577)>

.y tn; B,7y). The possibility function

15

O0<ti<ta< - <ty <00
Based on the maximum likelihood estimator (MLE’s),

it can be obtained estimator as Equations (16) and (17):
n

f=—F~ (16)
Yz In (ti)
and .
;7\ = I (17)
ns
3. Results

3.1. Calculation of the Standardized Precipi-
tation Index (SPI) for 1 Month Period in
South Sulawesi

This research uses SPI calculations on a 1-month time
scale to evaluate drought in the short term. The period used
is 42 years, from January 1981 to December 2023. The
SPI calculation process is based on Equations (1)—(9) using
data on the monthly rainfall amount in each district/city in
South Sulawesi. The 1-month SPI calculation results in each

district/city in South Sulawesi are presented in Figure 2.
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Figure 2. SPI-1 month value in South Sulawesi.
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3.2. Identification of Drought Based on SPI in
South Sulawesi

McKee, Doesken and Kleist used the classification sys-
tem shown in Table 1 to determine drought intensity by
categorizing it into moderate, severe, and extreme drought[*].
The results of identifying the number of droughts based on
the level of drought that has been classified from the value
of SPI <
presented in Figure 3.

— 1 in each district/city in South Sulawesi are

Palopo - _ 48
Pare Pare : 3

Toraja Utara 48
Luwu Timur : 39 :
Luwu Utara : - 55
Tana Toraja : Coag

5
HH

0 10 20 30 40 50 60 70 80 90 100

Moderately Drought ® Severely Drought  Extremely Drought

Figure 3. Distribution of SPI drought levels that have occurred in
South Sulawesi during observations 1981-2023.

3.3. Testing the Suitability of the Power Law
Process Model

To test the level of suitability of the intensity of SPI
drought events in each district/city of South Sulawesi with
the Power Law Process modal, a test was conducted using
the Cramér-von Mises test (C}). C stated that the drought
intensity followed the model, and temporary H; said oth-
erwise. The statistical test results are then compared with
the critical value. If the value C3 is smaller than the critical
value, then H)) is accepted, indicating suitability to the model.
However, if the C2R value is greater than the critical value,
H, is accepted, indicating a mismatch with the model. Table
3 displays the results of the Cramér-von Mises test obtained

using calculations in Equations (13)—(15).

3.4. Power Law Process Parameter Estimation

The estimated value of the Power Law Process model
is calculated using the Maximum Likelihood Estimation
(MLE) method based on Equations (17) and (18) for 14
districts/cities in South Sulawesi that fit the model. The data
used are the time of drought events based on chronological
order in 516 months of observation (¢;), the number of iden-

tified drought events (n) and the observation time interval
(t). The parameter estimation results for 14 districts/cities in
South Sulawesi are presented in Table 4.

The estimated parameter values in Table 4 are used
to calculate the number of drought events that will occur in
the future using the Power Law Process expectation func-
tion in Equation (12). Previously, estimates were made of
the number of drought events that had occurred during 516
months of observation. This estimation aims to validate the
model’s accuracy and ensure that the expected number of
drought months corresponds to the number of drought events
during that period. The results of the comparison between
the actual number of events and the predicted number of
events in 516 months of observations in 14 districts/cities of

South Sulawesi are shown in Figure 4.

I Actual [ Expectation

Tekefas

equIE

Buseyueyg

ojuodauar

Te[eyeL

wfas

Buaddog

Buemg

TesseyeJy

arg-ated

Figure 4. Comparison of actual drought events and suspected
droughts in 14 districts/cities in South Sulawesi within a monitor-
ing period of 516 months.

3.5. Calculation of the Number and Time of
Meteorological Drought Events in South
Sulawesi for the Next 12 Months

For example, the time of the drought event in each ob-
servation area is t; < to < -+ < t, < t, where t is the
end time of the observation period and N (t) = {N,t; <
to < --+ < tp;(0,t]}, N states the number of months of
drought events in a time interval (0, ¢]. It is known that the
total number of months observed from 19812023 ist =516
months. The month period estimated in this research is s =
12 months into the future. So, the time interval is extended
to 516 + 12 =528.

In the 516th month, the expected number of drought
events was calculated, which agreed with the actual number
of observations. Next, calculations were carried out to pre-
dict the number of drought events in the following months,
namely the 517th to the 528th month. The time interval from
the 517th month to the 528th month is the prediction pe-
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riod, where the 517th month is January 2024, and the 528th  of drought occurrence in each estimation time is presented

month is December 2024. The estimated number of months in Figure 5.

Table 3. Cramér-von Mises test results.

Districts/Cities c} Critical Value Decision
Selayar 0.12 0.22 Hp accepted
Bulukumba 0.05 0.22 Ho accepted
Bantaeng 0.05 0.22 Hy accepted
Jeneponto 0.05 0.22 Hp accepted
Takalar 0.07 0.22 Ho accepted
Gowa 0.05 0.22 Hy accepted
Sinjai 0.06 0.22 Hp accepted
Maros 0.21 0.22 Ho accepted
Pangkep 0.38 0.22 Hy rejected
Barru 0.12 0.22 Hp accepted
Bone 0.12 0.22 Hy accepted
Soppeng 0.15 0.22 Hy accepted
Wajo 0.55 0.22 Hp rejected
Sidrap 0.55 0.22 Hj rejected
Pinrang 0.11 0.22 Hy accepted
Enrekang 0.80 0.22 Hp rejected
Luwu 0.92 0.22 Hj rejected
Tana Toraja 0.92 0.22 Hy rejected
Luwu Utara 1.13 0.22 Hp rejected
Luwu Timur 0.63 0.22 Hy rejected
Toraja Utara 0.92 0.22 Hy rejected
Makassar 0.21 0.22 Hp accepted
Pare-Pare 0.11 0.22 Hy accepted
Palopo 0.92 0.22 Hy rejected

Table 4. Estimated values of Power Law Process parameters.

Districts/cities B ~
Selayar 0.9222 6.9641
Bulukumba 0.8838 6.0321
Bantaeng 0.8838 6.0321
Jeneponto 0.8838 6.0321
Takalar 1.089 13.216
Gowa 0.8838 6.0321
Sinjai 0.96658 8.1677
Maros 0.8497 4.9331
Barru 0.8749 4.6132
Bone 0.8749 4.6132
Soppeng 0.8608 4.3503
Pinrang 0.76167 2.0662
Makassar 0.8497 49331
Pare-Pare 0.76167 2.0662

The monthly probability of a drought event is obtained represents the estimated number of months of drought events
using the Non-Homogeneous Poisson Process. Calculations that may occur where n is adjusted to the number of estimated
are based on Equation (10) by utilizing the expected value time intervals (n = s). The results of this calculation show
from the Power Law Process for each month in the prediction the monthly probability value of a drought event. The distri-
period, namely the 517th month to the 528th month. The n  bution of probability values for months of drought occurrence
value in the Non-Homogeneous Poisson Process calculation in 12 estimated time blocks is presented in Figure 6.
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Figure 5. Estimated number of drought events in the future 12 months in 14 districts in South Sulawesi.

4. Discussion (I') and changing the I distribution to a normal distribution®].
In this study, the SPI calculation uses a 1-month time scale

4.1. Standardized Precipitation Index (SPI) for (; assess short-term drought in each district/city in South
One Month Period in South Sulawesi Sulawesi with a calculation period of 42 years, starting from

McKee first developed SPI in 1993, and it has been January 1981 to December 2023. Generally, the longer the

standardized internationally for use in various geographic
locations with different rainfall data. SPI is calculated by fit- obtaining better results261. A positive SPI calculation result
ting rainfall data to a gamma probability distribution function indicates that rainfall is higher than the median, while a neg-

period used to calculate SPI, the greater the possibility of
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ative SPI value indicates lower rainfall. Because SPI can
similarly reflect normal, wet, and dry climate conditions, wet
periods can be monitored using SPI).

FEBRUARY

JANUARY MARCH

APRIL

JuLy AuGUST SEPTEMBER

OCTOBER ) DECEMBER

o 0.368

Figure 6. Distribution of probability months for drought in 14
districts/cities in South Sulawesi.

The SPI calculation results in each district/city in South
Sulawesi presented in Figure 2 show apparent fluctuations
between wet and dry periods. SPI values > 1 indicate periods
with higher rainfall, categorized as wet, moist, and extreme
conditions. On the other hand, an SPI value <—1 suggests a
period of less than average rainfall, which results in drought

varying from dry, very light to extremely dry.

4.2. Distribution of Drought Levels in South
Sulawesi

McKee, Doesken and Kleist, used the classification

system shown in Table 1 to determine drought intensity.

Drought is identified when SPI values are consistently nega-
tive and reach —1.0 or less. A drought is considered to end
when the SPI value becomes positive. Thus, each drought
event has a duration determined by its start and end peri-
ods and its intensity for each month during the event. The
number of months with a negative SPI value can be used to
measure the drought’s duration, while the drought’s magni-
tude is calculated based on the lower SPI value[®!.

Drought events identified based on negative SPI val-
ues, as shown in Figure 2, vary in each district/city in South
Sulawesi. Over the last 516 months, North Luwu Regency
recorded the highest number of drought events, namely 93
months, with the lowest SPI value reaching —3.37. This
value shows an extreme drought event that occurred in De-
cember 2019. On the other hand, the Gowa, Jeneponto, Ban-
taeng, and Bulukumba regions experienced the most extreme
drought in January 1998, with an SPI value of —3.23.

The distribution of drought incidence levels for each
region in South Sulawesi can be seen in Figure 3. From this
data, it can be seen that areas in South Sulawesi tend to ex-
perience lighter levels of drought more frequently. However,
extreme drought events can still occur sporadically. This
means that although very severe droughts do not happen
often, the risk of extreme drought still exists and needs to be
watched out for.

4.3. Modeling the Intensity of Drought Events
in the Power Law Process

Based on the distribution of levels of drought events
in South Sulawesi, a distribution pattern of event intensity
was obtained, indicating that extreme dry events occur less
frequently than events categorized as very dry or dry. In
a stochastic process framework, the observed drought pat-
tern can reflect the characteristics of the Power Law Process
model, where the intensity of an event is inversely propor-
tional to its frequency.

Therefore, to test the suitability of the data with the
Power Law Process model, the Cramér-von Mises test was

used 171,

This test aims to verify whether the distribution
of drought event intensity matches the expected model.
Drought event data are sorted chronologically for this pur-
pose, where, for example, January 1981 is considered the
1st month, February 1981 the 2nd month, January 1982 the

13th month, February 1982 the 14th month, and so on. This
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sorting process continues from year to year until it reaches
December 2023, which is the 516th month.

The test results based on Table 3 show that there are 14
districts/cities in South Sulawesi with SPI drought incidence
intensity according to the Power Law Process model. This
is obtained from the C3 value being smaller than the critical
value. On the other hand, one district/city with C} values that
exceed the critical value indicates a mismatch with the model.
So, in modeling drought using the Power Law Process in
South Sulawesi, researchers selected 14 districts/cities that
fit the model for further analysis.

4.4. Power Law Process Parameter Estimation

The Power Law Process model estimation can be ap-
plied to two categories of data generally observed: the time
interval between events and the number of events in a spe-

17.271 In analyzing time intervals between

cific time intervall
events, the main focus is observing the time between each
event. In contrast, in examining the number of events in a
time interval, the data collected is the number of events that
occur.

This research uses the Power Law Process estimation
method applied to the second category by observing the num-
ber of drought events in a predetermined time interval. The
estimation method uses Maximum Likelihood Estimation
(MLE)[?% 2% The number of drought events was calculated
based on identifying events with the value of SPI <—1 during
the 516-month observation period (January 1981 to Decem-
ber 2023) in each region studied. The results of estimating
Power Law Process parameters using the Maximum Like-
lihood method for 14 districts/cities in South Sulawesi are
presented in Table 4. These values can be used to estimate
the number of drought events that may occur in the future
using the Power Law Process expectation function.

Before that, an estimate was made of the number of
drought events that had occurred during the 516 months of
observation. This estimation aims to validate the model’s
accuracy and ensure that the predicted number of drought
months corresponds to the number of drought events during
that period. The results of the comparison between the ac-
tual number of events and the expected number of events
in 516 months of observations in 14 districts/cities of South
Sulawesi are shown in Figure 4. This figure shows that
the predicted number of drought months is in line with the

number of drought events that occurred during that period.
Figure 4 shows a good match between the actual droughts
and the expected droughts based on the Power Law Process
expectation function in 14 districts/cities in South Sulawesi,
with a relatively small difference in values below 0.1. Thus,
the Power Law Process expectation function is proven to be
reliable for predicting the number of drought events that will

occur in the future.

4.5. Estimation of Future Drought Periods

This research estimates the drought period for the next
12 months. The estimation process begins by adding 12
months to the main observation period, which lasts 516
months, bringing the total time interval to 528. Using the
expectation function from the Power Law Process, predic-
tions of the number of months of drought events are made
within the 528-month time interval. Interpretation of the
estimation time based on the 1981-2023 year range is as fol-
lows: the 1st month is January 2023, and the 516th month is
December 2023. For the estimated months, the 517th month
is January 2024 to the 528th month, precisely December
2024.

Suppose there is an increase in drought events com-
pared to the previous observation period. In that case, this
increase indicates the number of drought events that may
occur in the future. In other words, the number of drought
months predicted is the difference between the number of pre-
dicted drought events and the number of previously observed
drought events.

Figure 5 shows that in the next 12 months, the 14 dis-
tricts/cities in South Sulawesi are expected to experience
an increase in the number of drought events by one month.
For a more precise illustration, for example, in Selayar Re-
gency, during the 516-month observation period, 53 months
of drought were recorded (see Figure 4 for the actual number
of drought events in Selayar Regency). After considering the
additional 12 months, for a total of 528 months, the expected
number of drought events in Selayar Regency is estimated
to increase to 54.14 months (see Figure 5). This means an
increase of 1.14 months in drought events compared to the
initial observation period (516 months). Figure S shows
that the 14 districts/cities in South Sulawesi are estimated to
experience an increase in drought events by one month from

the previous observation period.

451



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

Therefore, as a mitigation and planning step to deal
with a drought event of 1 month in the future, the probabil-
ity of a drought event month is calculated using the Non-
Homogeneous Poisson Process. The Non-Homogeneous
Poisson Process is a method used to model random events
that occur within a specific time interval, with the event’s in-
tensity changing over time '], In this context, the intensity of
drought events obtained from the Power Law Process model
can be considered a particular case of the Non-Homogeneous
Poisson Process. In other words, the Non-Homogeneous
Poisson Process allows for calculating the probability of a
drought event corresponding to changes in the event’s inten-
sity over time.

The results of calculating the probability of months of
drought occurrence for the 14 districts/cities in South Su-
lawesi are presented as a spatial distribution in Figure 6.
This figure shows the probability distribution for the months
of drought occurrence in all areas studied. For more de-
tailed information, the mapping of the monthly probability
of drought events for each district/city can be seen in Fig-
ures 7-20. In this mapping, the month with the highest
likelihood of short-term drought events is marked with a
darker color, with a maximum probability value reaching
0.37. Conversely, months with lower odds are shown in
lighter shades. A probability value of 0.37 was recorded in
November in the Selayar, Bulukumba, Bantaeng, Jeneponto,
Takalar, and Gowa areas; in October in the Sinjai, Barru,
Bone, Soppeng, Pinrang, and Pare-pare areas; as well as in
December in the Maros and Makassar areas. Thus, these
months show a higher probability of drought than others,
meaning they are the most likely to experience drought in

the next 12 months.

NENNE

Figure 7. Distribution of probability months for drought in Barru
Regency.

o
%
™

Figure 8. Distribution of probability months for drought in Takalar
Regency.
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Figure 9. Distribution of probability months for drought in Ban-
taeng Regency.

Figure 10. Distribution of probability months for drought in Bone
Regency.

Figure 11. Distribution of probability months for drought in Bu-
lukumba Regency.
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Figure 16. Distribution of probability months for drought in Pare-

Figure 12. Distribution of probability months for drought in Gowa
pare City.

Regency.
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Figure 13. Distribution of probability months for drought in  Figure 17. Distribution of probability months for drought in Pin-
Jeneponto Regency. rang Regency.

]
Figure 18. Distribution of probability months for drought in Sela-

Figure 14. Distribution of probability months for drought in Makas-
sar City.

yar Regency.

]
Figure 19. Distribution of probability months for drought in Sinjai

Figure 15. Distribution of probability months for drought in Maros
Regency.

Regency.
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Figure 20. Distribution of probability months for drought in Sop-
peng Regency.

5. Conclusions

Characteristics of the intensity of short-term meteoro-
logical drought events using the Standardized Precipitation
Index (SPI) for one month in South Sulawesi show that the
intensity distribution of extreme drought events occurs less
frequently compared to moderate drought and severe drought
events. The results of Power Law Process parameter esti-
mation based on SPI-based cases of short-term meteorologi-
cal drought event data show parameter values 3 and vy that
are greater than 0, where of the 24 districts/cities in South
Sulawesi, there are 14 districts/cities with drought event
intensity, that is by the model Power Law Process. The esti-
mated number of short-term meteorological drought events
in the next 12 months using the Non-Homogeneous Poisson
Process in the 14 districts/cities is one month with a month
probability value of a drought event of 0.37 occurring in
November in the Selayar, Bulukumba, Bantaeng, Jeneponto,
Takalar, and Gowa; in October in the Sinjai, Barru, Bone,
Soppeng, Pinrang and Pare-pare areas; as well as in Decem-

ber in the Maros and Makassar areas.
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