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Abstract: Drought is an event that threatens and disrupts human life as it is closely
related to the availability of groundwater reserves. The availability of clean water has
become a serious challenge due to arid climate conditions, low rainfall, and prolonged
dry seasons. Ileape Timur Sub-district, Ileape Sub-district, and Nubatukan Sub-district
in Lembata Regency are characterized by coastal, hilly, and mountainous topography.
Given this topographic condition, these three sub-districts are experiencing both clean
water crises and land drought. Therefore, this study aims to identify the spatial
distribution of land drought using the Normalized Difference Drought Index (NDDI)
algorithm by utilizing Sentinel-2A satellite imagery from 2025. The results show that
lleape Timur, Ileape, and Nubatukan Sub-districts are predominantly categorized as
severely drought-affected, covering an area of 29,622.343 hectares (90.58%), and
extremely drought-affected, covering 1,695.109 hectares (5.18%). This condition is largely
due to the dominance of shrub vegetation with moderate vegetation density and
non-water body Wetness levels. Based on field validation using a confusion matrix, the
study achieved an Overall Accuracy of 92.59% and a Kappa Accuracy of 87.42%. The
findings of this research are expected to contribute to mitigating future drought hazards
in Lembata Regency.
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1. Introduction

Drought is an event that can threaten and disrupt human life. It is closely related to
groundwater reserves, both for land use and for daily human needs [1]. Drought is
caused by several indicators, including rainfall below normal conditions, slope gradients
that reduce water storage capacity, soil texture, geological composition affecting water
availability and retention, land cover, economic vulnerability, and environmental
vulnerability [2]. The availability of clean water has become a serious challenge due to
arid climate conditions, low rainfall, and prolonged dry seasons. This situation is
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exacerbated by increasingly unpredictable climate change, which reduces water reserves
and increases the risk of drought in the region [3].

lleape Timur, Ileape, and Nubatukan Sub-districts in Lembata Regency are
characterized by coastal, hilly, and mountainous topography with the highest peak at
1,319 meters above sea level. Due to this topographic condition, these three sub-districts
face a clean water crisis [4]. Therefore, land drought analysis is expected to be beneficial
for the Lembata Regency Government in planning, particularly with regard to clean
water supply.

Based on research by Sadewo (2023), which compared the Normalized Difference
Drought Index (NDDI) method and the Temperature Vegetation Dryness Index (TVDI)
for drought change analysis using Landsat 8 imagery, the NDDI method demonstrated
higher accuracy at 85.07% compared to TVDI at 56.39% [5]. In this case study, drought
analysis is carried out using the NDDI algorithm with Sentinel-2A Level 2 satellite
imagery. NDDI is an index used to analyze drought levels in a region by integrating two
main indices: the Normalized Difference Vegetation Index (NDVI) and the Modified
Normalized Difference Water Index (MNDWI). NDVI reflects vegetation health and
greenness, while MNDWI indicates soil Wetness. The combination of these indices helps
in understanding the extent to which soil retains water and vegetation remains healthy
[1]. This study is expected to serve as a reference for the Regional Disaster Management
Agency (BPBD) or the Lembata Government in anticipating water crisis hazards.

2. Materials and Methods

2.1. Materials

This study is located in Lembata Regency, which consists of one main island with an
area of 1,266.40 km?2. The eastern and southern parts of Lembata are mountainous, with
two active volcanoes: Uyelewun and Ile Lewotolok. This study focuses on Ile Ape
Timur, Ileape, and Nubatukan Sub-districts, Lembata Regency, East Nusa Tenggara
Province. Geographically, the area is situated between 8°10' — 8°11' S and 123°12' —
123°57' E.

The data used in this study include Sentinel-2A satellite imagery (2025), downloaded
from the Copernicus website. In addition, field survey data were collected, covering
vegetation index (NDVI), wetness index (MNDWI), and drought index (NDDI), which
were later used for accuracy testing of the image processing results.

2.2. Methods

The first stage involved radiometric correction to adjust image pixel values (gray
levels) so that they approximate true reflectance values and to improve the visual quality
of the imagery [6]. The next step was processing the satellite data using the following
parameters:

2.2.1. Normalized Difference Vegetation Index (NDVI)

The Normalized Difference Vegetation Index (NDVI) is an index used to measure the
density and health of vegetation in an area. NDVI can provide information about
photosynthetic activity and the amount of living vegetation [1]. The following is the

NDVI equation:
NIR—RED
NDVI = <= 1)

Where NDVI represents the Normalized Difference Vegetation Index, NIR refers to
the Near-Infrared band (Band 5), and RED denotes the Red band (Band 4) of the satellite
imagery used in this study.

The following is the NDVI classification [7]
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Table 1. Classification of NDVI Density [7]

Description NDVI Value Range
Unvegetated Land -1-0.12
Very Low Density Vegetation 0.12-0.22
Low Density Vegetation 0.22-0.42
Medium Density Vegetation 0.42-0.72
High Density Vegetation 0.72-1

2.2.2. Modified Normalized Difference Water Index (MNDWI)

MNDWI is an enhancement of the NDWI algorithm used to identify surface water.
Pixel values range from -1 to 1, with higher positive values indicating the presence of
water. It uses the Green and SWIR bands, where the Green band enhances water
reflectance and the SWIR band strongly absorbs water [8]. The MNDWI value ranges
from -1 to 1. A value of -1 to 0 indicates non-water bodies, 0 to 0.33 indicates moderate
wetness, and 0.33 to 1 indicates high wetness [9]. The following is the MNDWI equation

[8]:

MNDWI = GREEN—SWIR (2)

GREEN+SWIR

Where MNDWI represents the Modified Normalized Difference Water Index,
GREEN refers to the Green band (Band 3), and SWIR denotes the Short-Wave Infrared
band (Band 6).

The following is the classification breakdown [9].

Table 2. MNDWI Density Classification [9]

Classification Wetness Level Description

Areas without surface water, e.g,
-1-0 Non-Water Agency  settlements, dry agricultural land, dense
vegetation, desert, rocky areas.

Areas with moderate soil surface wetness,
0-0.33 Moderate Wetness  possibly shallow inundation or wetland
vegetation (e.g., rice fields, swamps).

Areas with large, deep bodies of open
water, with characteristic water features.
Examples include lakes, rivers,
reservoirs/dams, ponds, and the sea.

033-1 High Wetness

2.2.3. Normalized Difference Drought Index (NDDI)

The Normalized Difference Drought Index (NDDI) is an index used to analyze the
level of drought in an area by combining two main indices, namely the Normalized
Difference Vegetation Index (NDVI) and the Modified Normalized Difference Water
Index (MNDWI). NDVI reflects vegetation health and greenness, while MNDWI
indicates soil Wetness. The combination of these two indices helps in understanding the
extent to which the soil has water and healthy vegetation [1]. The NDDI formula is as
follows:

NDVI-MNDWI (3)
NDVI+MNDWI

Where NDDI represents the Normalized Difference Drought Index, NDVI is the
Normalized Difference Vegetation Index.

NDDI =

The following is the NDDI classification [10].
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Table 3. Classification of NDDI Density [10]

Description NDVI Value Range
Normal <0.01
Mild drought 0.01-0.15
Moderate drought 0.15-0.25
Severe drought 0.25-1
Extreme drought >1

The next step is to test the accuracy of the image data processing results for each
parameter using field survey data and the confusion matrix method. For accuracy, the
United States Geological Survey (USGS) has set a classification accuracy level using
remote sensing at 85% (>85%) [11]. The final step of this research is to analyze the
processed data and develop maps.

3. Results

3.1. Normalized Difference Vegetation Index (NDVI)

The vegetation index calculation process uses the Normalized Difference Vegetation
Index (NDVI) method, where NDVI uses band 4 (Red) and band 8 (Near-Infrared) on
Sentinel Level-2 imagery for 2025. The NDVI algorithm processing using ENVI software
produces 5 classes of vegetation density levels. The range of NDVI calculation results is
from -1 to +1. NDVI interpretation provides important insights into vegetation
conditions, with values close to +1 indicating healthy and dense vegetation, values close
to zero indicating non-vegetated or sparse vegetation surfaces, and negative values
indicating water or surfaces that do not contain vegetation [1].
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Figure 1. Results of NDVI Processing

The following are the results of the NDVI classification area calculations for 2025.
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Table 4. Results of NDVI Classification Area

Description Area Percentage

(Ha) (%)

Unvegetated Land 433.89 1.33

Very Low Density Vegetation 558.56 1.71
Low Density Vegetation 4304.49 13.16
Medium Density Vegetation 26128.74 79.91
High Density Vegetation 221 0.01
Cloud 1275.92 3.90

Total 32703.82 100

The results of vegetation density classification in Ileape District, East Ileape District,
and Nubatukan District are dominated by moderate density covering an area of
26,128.74 ha with a percentage of 79.91%. low vegetation density covering an area of
4,304.49 ha, very low vegetation density covering an area of 558.56 ha, non-vegetated
land covering an area of 433.89 ha, and dense vegetation density covering an area of 2.21
ha.

3.2. Modified Normalized Difference Water Index (MNDWI)

The process of calculating the Wetness index algorithm uses the Modified
Normalized Difference Water Index (MNDWI) method, where MNDWI uses band 3
(Green) and band 11 (SWIR 1) on the 2025 Sentinel-2A image. The MNDWTI algorithm
processing using ENVI software produces three Wetness levels. MNDWI values range
from -1 to 1. Values of -1 to 0 indicate non-water bodies, 0 to 0.33 indicate moderate
Wetness, and 0.33 to 1 indicate high Wetness [9].
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Figure 2. Results of MNDWI Processing
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The following are the results of the MNDWI classification area calculations for 2025.

Table 5. Results of MNDWI Classification Area

Description Area Percentage
(Ha) (%)
Non Water 31312.39 95.75
Moderate Wetness 115.02 0.35
High Wetness 0.48 0.01
Cloud 1275.92 3.90
Total 32703.82 100

The results of the Wetness level classification in Ileape District, East Ileape District,
and Nubatukan District is dominated by non-water body Wetness levels covering an
area of 31,312.39 Ha with a percentage of 95.75%, moderate Wetness levels covering an
area of 115.02 Ha with a percentage of 0.35%, and high Wetness levels covering an area
of 0.48 Ha with a percentage of 0.01%.

3.3. Normalized Difference Drought Index (NDDI)

The Normalized Difference Drought Index (NDDI) is an index used to analyze the
level of drought in a region. The calculation process of the Normalized Difference
Drought Index (NDDI) algorithm requires two main indices, namely NDVI and
MNDWI. The analysis process uses Sentinel-L2A image data from 2025, using ENVI
software with several functions, namely Band Math for NDDI analysis and Band
Threshold to ROI for NDDI value classification.
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The following are the results of the calculation of the area of the 2025 NDDI classification.

Table 6. Results of NDDI Classification Area

Description Area Percentage

(Ha) (%)

Normal 92.66 0.28

Mild Drought 3.21 0.01
Moderate Drought 14.58 0.04
Severe Drought 29622.34 90.58
Extreme Drought 1695.11 5.18
Cloud 1275.92 3.90

Total 32703.82 100

The results of the drought classification in Ileape District, East Ileape District, and
Nubatukan District were dominated by severe drought covering an area of 29,622.343
hectares with a percentage of 90.58%. This was because the study area had shrubland
cover with moderate vegetation index density and a MNDWI level that was
predominantly non-water bodies.

3.4. Accuracy Test Results

The accuracy test aims to determine the accuracy level of data classification in the
field from the processing results that have been carried out. The accuracy test was
conducted using the confusion matrix method for NDVI, MNDWI, and NDDI
classification. The following are the accuracy test calculation results using data from
2025.

Table 7. Results of Accuracy Test

Parameter Overall( (:2)ccuracy Kappa(f/:;curacy
NDVI 88.89 36.00
MNDWI 92.59 85.30
NDDI 92.59 87.17

The accuracy test results show that all parameters have a classification accuracy level
of >85%. These results indicate that the image processing data is reliable. The following
is field documentation for NDDI with severe drought classes.

Figure 4. Results of Field Documentation for Severe Drought Class

4. Discussion

This study shows that land drought conditions in 2025 will reach severe levels. This is
because the study area is dominated by shrubland cover, which is less capable of storing
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water reserves. Therefore, a special study is needed to prevent land in Lembata Regency,
particularly in Ileape District, East Ileape District, and Nubatukan District, from
experiencing increasing land drought.

5. Conclusions

Based on the processing of Sentinel L2A imagery in 2025, the results of land drought
analysis were obtained using the Normalized Difference Drought Indexi (NDDI) method
in East Ileape District, Ileape District, and Nubatukan District, Lembata Regency. The
analysis results show that the study area is dominated by severe drought covering an
area of 29,622.343 ha (90.58%) of the total area of 32,703.821 ha. The area experiencing
severe drought is dominated by shrubland cover. Based on field validation of the NDDI
using a confusion matrix, this study achieved an Overall Accuracy of 92.59% and a
Kappa Accuracy of 87.17%. The findings of this study are expected to contribute to
drought hazard mitigation efforts in Lembata Regency in the future.
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