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Abstract. Drought is an event that almost occurs every year in several
regions of Indonesia. Drought events are often associated with the El Nino
phenomenon, namely the lack of rainfall over a certain period of time in a
reasonably long time. In 2015, Indonesia experienced drought in several
parts of Indonesia, one of which was Bantimurung District in Maros
Regency, South Sulawesi Province. This study aimed to map the level of
drought in Bantimurung District. Standardized Precipitation Index (SPI)
based meteorological and Normalized Difference Vegetation Index
(NDVI) were used to determine the spatial-temporal distribution of
drought. Then, the NDVI values of weak (2014) and very strong (2015) El
Nino year were correlated with SPI. The results show that Bantimurung
District experienced drought in 2015 with near normal (July-September) to
moderately dry (October-November) drought levels. In 2014, the drought
was not so severe compared to 2015 because the level of drought was near
normal and moderately wet. In 2014, the moderately wet area was located
in the east district including Leang-leang and Kalabbirang villages. In
2015, villages Minasa Baji, Mattoangin, Alangtae, Baruga, Tukamasea,
Mangeloreng, west of Kalabbirang and Leang Leang were located in
western of the district have moderately dry drought level.

1 Introduction

Drought is an event that almost every year occurs in several regions in Indonesia. Drought
is a naturally occurring event caused by a lack of rainfall over a long period of time [1].
One of the causes of drought is the El Nino phenomenon. The El Nino phenomenon has
resulted in some regions in Indonesia experiencing a decrease in rainfall far from normal or
a prolonged dry season [2]. Indonesia experienced intense heat and drought during the dry
season of 2015, especially in the July-October [3]. In addition, previously, in 2014,
Indonesia experienced the same phenomenon, but El-Nino this year was considered less
strong [4]. The impact of El Nino can be seen in several regions in Indonesia, one of which
is Maros Regency in South Sulawesi Province.
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This study examines the phenomenon of drought and maps the level of drought in years
experiencing El-Nino symptoms, namely 2014 and 2015 in Bantimurung District.
Determination of the level of drought is important to know before mapping. Determination
of the level of drought aims to evaluate the climatological tendencies towards dry
areas/drought level of an area, estimate irrigation water needs in a certain area, evaluate
drought at a place locally, and report periodically the development of drought regionally
[5].
In this study, Normalized Difference Vegetation Index (NDVI) and Standard
Precipittaion Index (SPI) methods are used to determine the spatial distribution of drought
levels in Bantimurung District. The study aims to determine the distribution of drought
levels that occur in Bantimurung District. Monitoring and detection drought by using NDVI
is based on the health of vegetation that is correlated to moisture condition [6]. The
hypothesis for a strong SPI-NDVI relationship to agricultural land is that lack of rainfall
often causes vegetation to experience stress or even death, with plants showing a decrease
in near-infrared reflectance and increased red reflectance [7].

Bantimurung District has the largest paddy field in Maros Regency. According to data
from the Central Statistics Agency in 2017, the area of paddy farming in Bantimurung
District reached 3800.25 hectares and the agricultural sector is the main livelihood for the
local population. In addition, Bantimurung District is one of the districts that support Maros
Regency as a rice-producing region in South Sulawesi [8]. However, the phenomenon of
drought that occurs in this district makes the existing agricultural land becomes less
optimal.

2 Methodology

2.1 Study Area

The study was conducted in Bantimurung District, Maros Regency, South Sulawesi.
Bantimurung District is located between Latitudes 4°54°30” and 5°4°30” S and the
longitudes of 119°35°0” and 119°46°0” E. Bantimurung District is a plateau with flat
topographic conditions, with an area of about 173.70 Km?. Bantimurung District is divided
into eight villages, namely: Baruga, Tukamasea, Leang-leang, Matoangin, Mangeloreng,
Kalabbirang, Alangtae, and Minasa Baji. Bantimurung District has several types of land use
such as agriculture, settlement, plantation, and forest. Agriculture is the widest type of land
use in Bantimurung District as well as in Maros Regency with an area of 3.908 Ha. The
agricultural sector, especially lowland rice, is the main livelihood for residents in the
Bantimurung District.

Fig. 1. Study Area
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2.1 Data

The data used in this study are: monthly rainfall data for two years of 2014 and 2015 of 8
rain gage stations in Maros Regency obtained from Balai Wilayah Sungai (BWS) and 8
Landsat 8 Operational Land Imager (OLI) July — November 2014 and 2015 obtained from
the USGS data portal.

2.2 Methods

Determination of the level of drought in this study uses the Standardized Precipitation
Index (SPI) and Normalized Difference Vegetation Index (NDVI) methods. The SPI
method was developed for drought monitoring, and only requires one input variable [9].
SPI is a probability index that has been widely used to represent meteorological drought.
The SPI was calculated using Excel. The following is the SPI equation [10]:

SPI = (Xi — Xmean)/6 )

Where Xi is the precipitation of an investigated (i) period, Xmean is the long-term mean,
and 6 standard deviation of the measured precipitation [10,11]. SPI values are mapped with
inverse distance weighting (IDW) using ArcGIS (vers. 10.1). In determining of the level of
drought, SPI values are classified. In this study, the SPI classification made by [11] is used.

Landsat 8 is used to extract NDVI values for the period July-September 2014 and 2015.
NDVI is a quantitative method based on the use of spectral values from satellite imagery to
obtain information about vegetation health and biomass density [12]. NDVI pixel values
range from -1 to +1. A high NDVI value indicates healthy vegetation and high humidity
and a low NDVI value indicates the opposite condition [11]. Thus the NDVI results can be
used as a drought index [7].

NDVI = (NIR - Red) / (NIR + Red) 2)

The results of SPI and NDVI for the period July-November in 2014 and 2015 were then
correlated between SPI and NDVI. The correlation between NDVI and SPI is determined
using Pearson Product Moment. The purpose of this correlation is to determine the effect of
meteorological drought on the condition of vegetation and moisture on the surface.

3 Results and Discussion

3.1 Distribution of Drought Results of the SPI Values

The results of the 2014 and 2015 SPI mapping are shown in Figure 2 and Figure 3. The
mapping results indicate the level of drought spatially based on the classification of SPI
values. SPI mapping results show the similarities and differences in the level of spatial and
temporal drought in July-November 2014 and 2015.

In July-September 2014, the level of drought in Bantimurung District was near normal.
In October, the eastern part of Bantimurung District including Leang-leang Village and
Kalabbirang Village was moderately wet. This condition shows that this region did not
experience a meteorological drought. Whereas, in November the level of drought is nearing
normal, which is distributed in all districts.
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Fig. 2. Standard Precipitation Index (SPI) from July — November 2014

In July-September 2015, the level of drought in Bantimurung District was close to
normal. The level of drought with near normal classification is homogeneously distributed
in all villages. This drought level has a range of SPI values of -0.99 - 0.99. In October, the
drought level in Bantimurung District became moderately dry in most areas and near
normal in the eastern regions of Leang-leang and Kalabbirang villages. The level of dryness
classified as moderately dry has a range of SPI values -1.00 - 1.49. On the other hand, in
November the level of drought with a near-normal was distributed in most of the district
areas and was moderately dry only in the western part of the district area including Baruga
Village, Mattoangin Village, Alangtae Village, and a small part of Minasa Baji Village.
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Fig. 3. Standard Precipitation Index (SPI) from July — November 2015

SPI mapping results in 2014 and 2015 show there are similarities in spatial and
temporal drought levels. In both years, July-September had a level of drought with a near
normal while the difference between the two was in October and November. October 2015
is drier compared to October 2014 and is not dry at all.

3.2 NDVI Distribution

Based on the results of NDVI processing, obtained information related to vegetation density
in July-November 2014 and 2015 in Bantimurung District. NDVI results are shown in
Figure 4 and Figure 5. In 2015 the smallest NDVI value was found in September with a
value of -0.36, while the largest NDVI value was found in August with a value of 0.90.
Whereas in 2014 the smallest NDVI value was in August with a value of -0.53 and the
largest in the same month with a value of 0.88. Higher NDVI values indicate healthy
vegetation and high humidity.

NDVI values for July-November 2014 in Bantimurung District are in the average range
of 0.6 - 0.8 which are characterized by light green on the map. NDVI values vary in August
where there is a range of the highest values of 0.8-1 and the lowest of -0.53 - 0.2. The
lowest average NDVI range per month is found in the northwestern part of Bantimurung
District, precisely in Baruga Village.
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Fig. 4. Normalized Difference Vegetation Index (NDVI) from July — November 2014

NDVI values for July-November 2015 in Bantimurung District are in the average range
of 0.6 - 0.8 and 08-1 that are characterized by light green and green in Figure 3a. Areas that
have NDVI values are in the central to eastern regions, except in July covering almost all of
Bantimurung District. The areas with the lowest NDVI values range almost every month
are in the northwest and southwest of Bantimurung District, precisely in the Villages of
Baruga and Alangtae.
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Fig. 5. Normalized Difference Vegetation Index (NDVI) from July — November 2015

NDVI July-November 2015 and 2014 have similarities and differences spatially and
temporally. The NDVI equation in the two years is the lowest average NDVI range every
month in the northwest region precisely in Baruga Village. This shows that the area has a
low vegetation density. The difference in NDVI in the two years is found in the lowest and
highest NDVI values. In August 2014, NDVI values were lower than in 2015.

3.3 Correlation between SPI and NDVI

SPI and NDVI are the approaches used to determine drought. SPI is used to determine
meteorological drought while NDVI is used to determine surface drought conditions.
October 2015 was the month that had the worst drought level compared to other months in
the same year and 2014. In analyzing the correlation between meteorological drought and
land surface conditions in Bantimurung, Pearson Product Moment analysis was performed.

Pearson correlation coeffiecients between NDVI and SPI is -0,256, which means NDVI
is not significantly correlated with SPI and has negative correlation. In most cases,
precipitation in one month does not strongly affect vegetation in that month, but the
response in notable over periods longer than one month [13]. This shows that
meteorological drought has no effect on the health and humidity of vegetation on the
surface. Based on the results of interviews, this is because agriculture in Bantimurung
District is mostly irrigated rice fields so low precipitation does not really affect the
irrigation. Agricultural land is still irrigated by irrigation originating from the Batubassi
Dam.

3.3 Conclusions

Bantimurung District experienced a drought in 2015 with the level of drought near normal
(July-September) to moderately dry (October-November). In 2014 the drought was not so
severe compared to 2015 because from July-November it had a near normal level and was
moderately wet. The moderately wet area in 2014 was in the east of the village and
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moderately dry in 2015 was in the western part of the district including the villages of
Minasa Baji, Mattoangin, Alangtae, Baruga, Tukamasea, Mangeloreng and west of
Kalabbirang and Leang-Leang.

The correlation between NDVI and SPI in October 2015 is not significantly correlated.
This indicates that impact of low precipitation on vegetation does not strongly effect. This
because vegetation is still irrigated by irrigation system from Batubassi Dam.
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