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Abstract
Drought is one of  the natural disasters that causes substantial losses to food crop pro-
duction, water supply in several important sectors such as industry, settlements, and ag-
riculture. Climate change often causes drought on agricultural land and can indirectly 
threaten livelihoods and food security. This study aims to analyze the distribution of  
drought on agricultural land and examine the relationship between physical conditions. 
Drought monitoring study using remote sensing methods on Landsat 8 OLI imagery with 
the Normalized Difference Drought Index (NDDI) algorithm is the result of  combin-
ing two parameters, namely the Normalized Difference Vegetation Index (NDVI) and 
Normalized Difference Water Index (NDWI). The results of  the study show the distribu-
tion of  agricultural land drought in Palabuhanratu District, Sukabumi Regency during 
2018-2021 with five classes (normal, mild, moderate, severe, and very severe), and a very 
severe drought category of  80.78 ha in 2021, followed by 2018 an area of  32.09 ha. The 
most potential drought areas are in Palabuhanratu District, namely Jayanti Village and 
Citepus Village. 
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collection, data management and data analysis. 
(Figure 1.) 

Figure 1. Research Flow Chart

The data used in this research uses some 
data originating from various sources, including 
Landsat 8 Path 122 Row 64-65 2018-2021 ima-
gery sources from the Web United States Geolo-
gical Survey (USGS), topographic maps and to-
pographical maps (DEMNAS) sourced from the 
Geospatial Information Agency (BIG), rainfall 
sourced from the Meteorology, Climatology and 
Geophysics Agency (BMKG).

Data Processing Stages
Geometric Correction

Positions recorded by satellites are not al-
ways accurate. This inaccuracy can be seen from 
a shift in the location of  an object in the image 
from its actual location and before further proces-
sing it must go through the geometric correction 
stage. This geometric correction aims to improve 
the position of  objects in the image due to distor-
tion to their actual position on earth (Ardiansyah, 
2015; Fadli 2007).

Image cropping
Image cropping uses the administrative 

boundary shapefile of  Pelabuhan Ratu District. 
Image cropping and mosaics were performed in 
ArcGIS software.

Mosaic Citra
Mosaic aims to combine the cropped ima-

ges.according to the path/row to become an ima-
ge file according to the administrative boundaries 
of  Pelabuhan Ratu District

Vegetation Index (NDVI)
Analysis Normalized Difference Vegetation In-

dex (NDVI), The low NDVI value can be conclu-
ded that the area has very low vegetation density, 
low water absorption capacity which is identified 
as drought. The following is the formula for the 
NDVI value (Renza et al., 2010):

INTRODUCTION

Erratic climate change causes frequent 
drought natural disasters on agricultural land. 
Drought can cause significant losses to crop pro-
duction, supply water in several important sec-
tors such as industry, settlement to agriculture. 
Drought is a relationship between the availability 
of  water which is far below the need for water 
both for the necessities of  life, agriculture, econo-
mic activities and the environment (BNPB, 2007). 

Agricultural drought includes a period 
when there is a decrease in soil moisture which 
causes crop failure without taking into account 
surface water resources (Wilhite and Glantz, 
1985 in Aini Rista, 2019). The impacts of  drought 
on the agricultural sector include low productivi-
ty, crop failure and crop failure, to a decrease in 
agricultural land area (Ru Minta, 2016; Fathony, 
2022). Drought has often occurred in several re-
gions of  Indonesia, especially in West Java Pro-
vince, besides that it occurs almost every year in 
Indonesia, especially when the dry season arri-
ves. West Java Province is a province known as 
an agricultural center and ranks third in rice pro-
duction in Indonesia (BPS Jawa Barat, 2020). 

The problem of  drought in West Java Pro-
vince is felt in several regions, including Suka-
bumi Regency, West Java and Pelabuhan Ratu 
District, which is one of  the sub-districts affected 
by drought (BNPB Sukabumi, 2019). The thre-
at of  drought due to climate influences cannot 
be avoided, but its impact can be minimized if  
drought monitoring in an area can be known. 
Studies on drought monitoring are carried out 
using remote sensing methods which have been 
widely applied, one of  which in this study is to 
use the LANDSAT 8 Satellite using the NDDI 
(Normalized Difference Drought Index) developed by 
Gu et al (2007) used to assess and identify the ap-
propriate drought in an area temporal. 

METHODS

Research Location
Research was conducted in 6 villages or 

sub-districts including Buniwangi Village, Cibo-
das Village, Cikadu Village, Cimanggu Village, 
Citarik Village, Citepus Village, Jayanti Villa-
ge, Palabuhanratu Village, in Palabuhanratu 
District, Sukabumi Regency, West Java Province. 
Geographically, Palabuhanratu District is borde-
red by Cikakak District to the north, Simpenan 
District to the south, Bantargadung District to the 
east and Indian Ocean to the west. In this rese-
arch there are several stages, starting from data 
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NDVI = 
Information:
NDVI = Normalized Difference Vegetation Index
NIR = Infrared wavelength band (Band 5)
RED = Red wavelength band (Band 4)
Moisture Index ( NDWI)

Normalized Difference Water Index (NDWI) 
is an index to measure water molecules that inte-
ract in vegetation which is assisted by absorption 
of  sunlight (Chen et., al, 2006 in Aini Rista et al, 
2019) The soil moisture index algorithm on the 
surface was developed by McFeeters in 1996 to 
identify wetlands with potential for drought. The 
following NDWI formula is written in the follo-
wing equation (Gu et al., 2007):

NDWI = 
Information:
NDWI  = Normalized Difference Water Index
NIR band = NIR band (Band 6)
SWIR  = Band that has an Infrared wavelength 
(Band 5)

Normalized Difference Drought Index (NDDI)
NDDI method combines the greenness of  

vegetation (NDVI) and land wetness (NDWI) pa-
rameters with extract by mask on ArcMap. Ac-
cording to (Gu et al., 2007) NDDI can identify 
drought better when compared to the Normalized 
Difference Vegetation Index (NDVI) and Normalized 
Difference Water Index (NDWI) alone. Drought 
conditions are shown with higher values. To get 
the NDDI value, it can be seen in the following 
formula:

NDDI = 
Information:
NDVI = Normalized Difference Vegetation In-
dex
NDWI = Normalized Difference Water Index 
(Wetness Index)

Results of  this processor are drought maps 
using the NDDI method which have been clas-
sified into five drought classes, namely normal, 
mild drought, moderate drought, drought heavy 
and very heavy. The following is the classification 
of  drought classes using the NDDI method.

Table 1. NDDI Class Classification

Index Value Drought Level

-0.05 – 0.01 Normal

0.01 – 0.15 Mild Drought

0.15 – 0.25 Moderate Drought

0.25 – 1 Severe Drought

> 1 Very Severe Drought
Source: Renza et al., (2010)

RESULTS AND DISCUSSION

NDVI, NDWI and NDDI Analysis for 2011-
2020

Transformation (Normalized Difference Vege-
tation Index) in this study was used to determine 
the level of  greenery and vegetation density and 
its relationship with the drought potential for the 
annual data sample used. The results showed that 
the greenness index value of  vegetation using the 
NDVI algorithm in Palabuhanratu District has 
an index value ranging from -1 to 1 which is divi-
ded into five classification classes. 

Figure 2. The distribution vegetation index for 
2018-2021 in Palabuhanratu District.

From Figure 2. The distribution of  vegeta-
tion in the very high category in 2018 was 55.7%, 
followed by 32.3% in 2021. Then the distribution 
of  vegetation which is in the very low category 
in 2019 is 1.8% followed by 2020 of  1.3%. The 
distribution of  green vegetation seems to have 
changed, especially in the southern part, in Ja-
yanti Village and Palabuhanratu Village, which 
are dominated by paddy fields and plantations, 
which have more significant color changes. The 
size of  the vegetation in the very high category 
means that the ability to absorb water is high and 
vegetation that has low ability to absorb water is 
low which can be identified as drought.

Transformation Normalized Difference 
Water Index in this study was used to determi-
ne the relationship with the potential for drought 
and to see which areas have more and less moist 
soil. The results showed that it had an index value 
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ranging from -0.1 to 1 which was divided into six 
classification classes. 

Figure 3. Distribution of  the Moisture Index for 
2018-2021 in Palabuhanratu District

In Figure 3. Distribution of  the Moisture 
Index changes quite clearly every year, it seems 
that the humidity is more dominant in 2018 with 
45.6%, followed in 2019 with 27.1%. In addition, 
humidity in the category of  no water is found in 
2019 at 6.5% followed by 2021 at 3.5%. Mode-
rate humidity levels almost occur in all Palabu-
hanratu Districts, whereas high humidity levels 
and non-water only occur in a few areas, the most 
dominant areas being in Jayanti Village, Palabu-
hanratu Village and Citepus Village. The lower 
the spectral transformation value of  the humidity 
index, the drier the region.

The combined NDDI (Normalized Diffe-
rence Drought Index) transformation of  the re-
sults of  NDVI and NDWI processing in this stu-
dy is used to determine drought on agricultural 
land.

Based on Figure 4. Distribution of  the 
drought index has five classes of  drought index on 
agricultural land for four years. The distribution 
of  drought in Palabuhanratu has a relatively high 
drought potential, from the results of  the drought 
classification that most of  the areas spread across 
Palabuhanratu District experience drought du-

ring the dry season, the potential for drought is 
quite widely spread in the south and west. Then 
areas that have no potential for drought are in the 
north and east. From these results the area of    the 
area experiencing drought can be seen in Table 2.

Figure 4. Distribution of  the drought index for 
agricultural land in 2011-2021 in Palabuhanratu 
District

Distribution of  drought on agricultural 
land for four years has a very severe drought ca-
tegory area of    80.78 ha or 13.5% in 2021 follo-
wed in 2018 of  32.09 ha or 5.6%. In 2019 and 
2020, as seen from table 1, the drought class 
does not have such a high potential. The village/
kelurahan area of    Palabuhanratu District has a 
very severe drought in 2021 in Citepus Village 
covering an area of    33.27 ha followed by Jayanti 
Village covering 13.56 ha, while in 2018 the very 
severe drought is in Jayanti Village covering an 
area of    17.02 ha, and followed by Palabuhanratu 
sub-district 5.52 ha. Areas of  severe drought in 
2021 will be in Citepus Village covering an area 
of    23.61 ha, followed by Cibodas Village 12.05 
ha, and in 2018 severe drought will be in Jayanti 
Village covering an area of    56.16 ha followed by 
Citepus Village covering an area of    45.15 ha. It 
can be concluded that the most potential drought 
distribution is in Palabuhanratu District, namely 

Table 2. Area of    Drought on Agricultural Land in 2018-2021 in Palabuhanratu District

Class Drought 
Year

2018 2019 2020 2021

Normal 158,77 458,49 592,05 418,39

Mild Drought 65,04 0,09 0,08 21,04

Modarate Drought 200,15 117,35 7,01 28,09

Severe Drought 114,22 24,38 0,81 51,92

Very Severe Drought     32,09       0,04 0,37 80,78
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and Citepus Village.
Distribution of  NDDI drought on agricul-

tural land for four years has an area that is in the 
very severe drought category of  13.5% in 2021 
followed in 2018 with 5.6% very heavy category. 
The most potential drought areas are in Palabu-
hanratu District, namely Jayanti Village and Ci-
tepus Village. Drought on agricultural land can 
be identified by connecting several parameters to 
the factors that cause drought, one of  which is 
physical conditions such as altitude, soil type and 
rainfall. One of  the physical conditions that affect 
rainfall on the area of    drought distribution on ag-
ricultural land is a regression value of  0.562 or 
56.2% meaning that the higher the rainfall, the lo-
wer the drought distribution area and vice versa.
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Jayanti Village and Citepus Village. 
Then the results of  the drought accuracy 
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NDDI Relationship Analysis with Physical 
Conditions

The distribution of  drought on agricultural 
land can be identified by connecting several para-
meters of  the factors that cause drought, one of  
which is physical conditions such as altitude, soil 
type and rainfall. Then to determine the relation-
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regression test describe the parameters of  physi-
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by a regression value of  0.562 or 56.2%, which 
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CONCLUSIONS

Distribution of  NDVI vegetation appears 
to have changed, especially the southern part in 
Jayanti Village and Palabuhanratu Sub District 
which are dominated by paddy fields and planta-
tions which have more significant color changes. 
The NDWI humidity distribution changes quite 
clearly every year, high humidity and non-water 
only occur in a few areas, the most dominant are-
as are in Jayanti Village, Palabuhanratu Village 
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