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Abstract— Drought is closely related to water reserves that 
are in the soil, both water reserves for land and for everyday 
human needs. In plantation, drought has a significant impact. 
Drought can be a barrier to plant production which will have an 
impact on local economic conditions. However, information 
about land drought is still lacking at this time. Even though the 
information is very much needed by various parties. This 
research uses remote sensing data on Landsat 8 imagery where 
this research aims to obtain a drought index value using the 
transformation of Land surface temperature (LST), NDWI and 
TVDI which will then be performed correlation regression 
equations and test the interpretation of accuracy of field data on 
the potential for a drought of plantation land in the research 
area. The results of data processing showed that the distribution 
of the most drought potential of plantation areas in Rempang 
Island was the potential for high drought with the total area of 
plantations having a high drought potential of 5737.073029Ha. 
The potential for moderate drought in the plantation area on 
Rempang Island has an area of 2851,479327 Ha. Low drought 
potential has the smallest area with a total area of the entire 
plantation area of 447.271236 Ha. 

Keywords— Drought, Vegetation, Plantation, Remote Sensing 
Data,  

I. INTRODUCTION 

A drought is an event that can threaten and disrupt human 
life [5], [7]. Drought is closely related to water reserves that 
are in the soil, both water reserves for land and for human 
needs [2]. In plantation, drought has a significant impact. 
Drought can be a barrier to plant production which will have 
an impact on local economic conditions [1], [3]. Judging from 
the visible effects of the drought, it is necessary to take 
measures to reduce the impact. However, information about 
land drought is still lacking at this time. Even though the 
information is very much needed by various parties. 
Information on land drought can help the surrounding 
community to know the potential drought in their area so that 
the community can take actions that can minimize the impact 
of the drought [4], [9]. Because it could be a drought due to 
bad habits practiced by the community [8]. [9]. As for the 
government, this information can be used as a reference for 
taking action to avoid or reduce the effects of the drought [4]. 

Remote sensing can be interpreted as a technology to 
identify an object on the surface of the earth without going 
through direct contact with the object. With remote sensing, it 

can facilitate the actual, fast, and efficient data collection 
process. This research uses remote sensing data on Landsat 8 
imagery where this research aims to obtain a drought index 
value using the transformation of Land surface temperature 
(LST), NDWI and TVDI which will then be performed 
correlation regression equations and test the interpretation of 
accuracy of field data on the potential for a drought of 
plantation land in the research area. 

Drought in plantation land is a significant impact on plants 
[7] and the sustainability of community income [10]. 
Information on the drought of plantation land can help the 
surrounding community to know the potential drought in their 
area [7] so that the community can take actions that can 
minimize the impact [4] of the drought. 

II. RESEARCH METHOD 

A. Research Location 

This research is located on Rempang Island. Rempang 
Island is an island in Batam city, which is the second-largest 
series of islands in the Riau Islands. Rempang Island is located 
at 0°42′N 104°13′E which has an area of approximately 165 
km2. In this research, the area used as the study area is 
Rempang Island and currently, Rempang Island is being 
developed for the plantation area. The research location is 
shown in Fig. 1.  

 

Fig. 1. Location of the research. 
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B. Data Collection Techniques 

Remote sensing image data collection techniques using 
Landsat 8 images can be downloaded via 
www.earthexplorer.usgs.gov, after the data is obtained, then 
the location is adjusted (cropping) according to the study area. 
Cropping image is one of the process of taking image slices 
where image cutting takes only certain areas that are needed. 
The image that has been cut will produce narrower areas and 
less information making it easier for data processing and 
visual interpretation. In this research, the process of cropping 
uses the administrative map of Riau Islands as a reference. 

The next stage is geometric correction and radiometric 
correction. Geometric correction is a correction caused by the 
movement of the earth's rotation with the earth's curve so that 
there is a shift in the position of the reference coordinates [4], 
[7]. In this case, the transformation of remote sensing imagery 
is done by correcting the error value that occurs when the 
movement of the satellite or sensor during the orbit by using 
several Ground Control Points (GCP) so that the position is 
the same as on the surface of the earth [1]. 

Radiometric calibration is carried out to eliminate or 
minimize atmospheric disturbances during the image 
recording process and to return the reflectance values of the 
earth's surface according to the range of reflections. The 
disturbance in question is the reflection of the recording 
results that are not in accordance with the existing surface of 
the earth so that it needs to be done radiometric correction by 
changing the value of the digital number (DN) into a 
reflectance value. The radiometric correction processing uses 
equations [1], [11], [14]:  

• Pixel Value to Spectral Radian Value (TOA 
Radiance) ࣅࡸ = ቀ ቁ		࢔࢏࢓ࡸ࡭࡯ࡽ	ି		࢞ࢇ࢓ࡸ࡭࡯ࡽ࢔࢏࢓ࡸ	ି	࢞ࢇ࢓ࡸ 		࢒ࢇࢉࡽ)		࢞ − (		࢔࢏࢓ࡸ࡭࡯ࡽ	 +  ఒ  = Spectral radians on sensors (W/(m2ܮ (1)         ࢔࢏࢓ࡸ

.sr.μm) ܳ௖௔௟    = Pixel value  (DN) ܳܮܣܥ௠௜௡		 = Minimum pixel value that refers to 

LMINλ (DN) ܳܮܣܥ௠௔௫		 =  Maximum pixel value that refers to 

LMAXλ (DN) ܮ௠௜௡ = Minimum spectral radian (W/(m2 .sr.μm) ܮ௠௔௫	 = Maximum spectral radian (W/(m2 

.sr.μm) 

• Radian to reflectance value ࣋ࣅ = 	  mathematical constant (-3,14159) ݀ଶ = distance of the sun - earth (astronomical =    ߨ  reflectance value =  ߣߩ (2)                 ࢙ࣂ	࢙࢕ࢉ.	ࣅࡺࢁࡿࡱ૛ࢊ.ࣅࡸ.࣊

unit) 

 average exoatmospheric solar irradiation =  ߣܷܰܵܧ

(W/m2.sr.μm) ߠ௦  = sun zenith angel (degree) 

 

• Dark Pixel Substraction 

࡯ࡾ = ࡾ −  (3)                       ࢏࢙ࡾ
 

RC = surface reflectance 

R   = TOA reflectance  

RSI  = spectral value used for offset 

The next stage of processing after correction is 
Multispectral classification. Multispectral classification is the 
grouping of objects based on the color of the appearance of 
the image. Multispectral classification aims to classify classes 
that appear in an image, for example, vegetation, water charts, 
settlements [2], [3], [5], etc. These classifiers will result in a 
land cover of an area. In this research, the multispectral 
classification separates plantation land and non-plantation 
land [1]. To make a temperature distribution using the 
transformation of land surface temperature (LST).  Land 
surface temperature (LST) is the radiative surface skin 
temperature from the ground surface, measured in the 
direction of the remote sensor [16], [6]. Estimated from the 
Top-of-Atmosphere brightness temperature of the infrared 
spectral channel from a geostationary satellite constellation. 
Temperature calculation uses the formula for converting Pixel 
Values to TOA (Top of Atmosphere) Radians [14], [15]:  

Lλ = MLQcal + AL                    (4) 

Lλ = TOA spectral radiance (watts/ m2 × srad × μm )  

ML = Band-specific multiplicative rescaling factor (from the 
metadata)  

Qcal = Digital Number (DN)  

AL = Band-specific additive rescaling factor (from the 
metadata) 

This research uses LST to obtain surface temperature in 
Landsat 8 images with the Brightness Temperature algorithm. 
The Conversion of Spectral TOA Radians to Kelvins using the 
formula [7], [14]: ܂ =  (5)              (ା૚ࣅࡸ૚ࡷ)࢔ࡵ૛ࡷ

 

Tb  = Brightness Temperature  

(K) K1 = Spectral radians calibration constant 

K2 = Absolute temperature calibration constant (K) 

Lλ = Radian spectral Convert temperature in units 

Kelvin becomes Celsius: TCelcius = TKelvin -

273 

Normalized Different Water Index (NDWI) is a satellite 
index derived from Near-Infrared (NIR) and Short Wave 
Infrared (SWIR) channels [12], [13]. The SWIR reflectance 
reflects changes in both the water content of the vegetation 
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and the structure of the spongy mesophyll in the vegetation 
canopy, while the reflectance of the NIR is influenced by the 
internal structure of the leaves and dry leaves but not by the 
water content [14]. The combination of NIR and SWIR 
eliminates variations caused by the internal structure of leaves 
and leaf content of dry matter, increasing accuracy in taking 
vegetation moisture content. The ratio of NIR and SWIR in 
NDWI calculations is shown in the following equation [13]: ۷܅۲ۼ =  (6)                 (࢘ࡵࡺା࢔ࢋࢋ࢘ࡳ)(࢘ࡵࡺି࢔ࢋࢋ࢘ࢍ)

Where Green is Reflectant band 3 on Landsat 8 image and NIr 
is Reflectant band 5 on Landsat 8 image. 

The value of air humidity using the drought index on 
Rempang Island is obtained through the calculation of 
empirical parameters from the relationship between surface 
temperature (LST) and moisture content index (NDWI) [17], 
[18]. The index is associated with soil moisture and is obtained 
only based on input from remote sensing Temperature 
Vegetation Dryness Index (TVDI) satellite information. The 
TVDI formula is as follows [19]:  ۲۷܄܂ = ௅ௌ்ି௅ௌ்௠௜௡௅ௌ்௠௔௫ି௅ௌ்௠௜௡                  (7) 

 

LST        = Surface temperature observed at a pixel 

LSTmin  = the minimum surface temperature in a 
triangle, indicates the equation obtained 
from the wet side 

LSTmax = the maximum surface temperature in the 
triangle, indicates the equation obtained 
from the dry side (LST max = a + b NDVI) 

The parameters a and b are obtained based on the pixel of 
an area large enough to represent the entire range from wet to 
dry and from bare soil to fully vegetated surfaces. TDVI 
values range from 0 to 1. Value 1 represents the dry side 
(limited water availability) and 0 represents the wet side 
(unlimited water availability). Drought potential is affected by 
soil moisture [17], [7]. 

III. RESULT AND DISCUSSION 

Estimation of the distribution of surface soil temperature 
in relation to the drought of plantation land in this research 
was obtained from the extraction of remote sensing image 
data. 

A. Geometric and Radiometric Corection 

Geometric correction in this research was carried out by 
increasing geometric accuracy by using control points or 
ground control. The control point or commonly called GCP 
(Ground Control Point) in question is the point whose 
coordinates are known precisely and can be clearly seen on 
satellite imagery. In this research, geometric corrections were 
carried out by placing GCP scattered throughout the study 
area. The base map used as a reference is the RBI map of the 
research area with a scale of 1: 25,000, this basic map was 
obtained from the official inageoportal BIG website 
(Geospatial Information Agency). The RMSE (Root Mean 
Square Error) value that meets the requirements is less than 1. 

The radiometric correction stage starts from the 
conversion of a digital number (DN) to radians to dark pixel 
subtraction. The stages of DN to Radiance are carried out to 

see the value of light energy from the appearance of an image. 
Then for the parameter values in the image formula can be 
obtained from the image metadata, then the next step is to 
change the Radians to Reflectance to determine the value of 
the pixels missing from the atmosphere in the image 
recording. To find the value of reflectance used the value of 
sun elevation in the image that can be searched in the 
metadata. The dark subtract process is a process to improve 
the value of reflectance. This is done because sometimes the 
value produced by the dark appearance reflectance value has 
a pixel value of minus (-). 

B. Multispectral Classification 

The multi-spectral classification used in this study is the 
maximum likelihood of multi-spectral classification. The 
Maximum Likelihood classification (MLC) uses the 
assumption that the statistical data from each class in each 
channel is normally distributed and calculates the probability 
of a pixel to enter a particular class. The threshold probability 
of a pixel value (threshold) is determined in the classification 
process. if the highest probability value of a pixel is lower than 
the specified threshold value, then the pixel is classified as an 
unclassified pixel. Multi-spectral classification conducted in 
this research is to divide the land cover class into plantation 
land and non-plantation land. The results of the multi-spectral 
classification in this research are shown in Fig. 2. 

 

Fig. 2. The results of the multi-spectral classification. 

C. Land Surface Temperatur (LST) 

The extraction results of the remote sensing data for the 
distribution of ground surface temperature using Land Surface 
Temperature (LST) transformation showed a temperature 
range of 180c - 270c in the Rempang island plantation area. 
High-temperature distribution can be seen from the results of 
data extraction found in areas adjacent to the highway. This is 
made possible because of the influence of human activity 
which causes high surface temperatures. The distribution of 
land surface temperature is shown in Fig. 3.  

Authorized licensed use limited to: Carleton University. Downloaded on June 15,2021 at 14:47:29 UTC from IEEE Xplore.  Restrictions apply. 



 

Fig. 3. The distribution of land surface temperature. 

D. Normalized Different Water Index (NDWI) 

This research uses the Normalized Different Water Index 
(NDWI) transformation to determine the water content in the 
plantation area, this is because NDWI is an algorithm used for 
water body detection. Water bodies have the capacity to 
absorb strongly the wavelengths of infrared light. The results 
of remote sensing image data processing using NDWI 
transformation conducted in this research indicate that the 
plantation area that has the highest water content is in the 
seaside area with an NDWI index value of 0.4-0.8, while for 
low soil content is found in the central area of the island and 
the area adjacent to the highway. The NDWI distribution 
results are shown in Fig. 4. 

 

Fig. 4. The NDWI distribution. 

E. Temperature Vegetation Dryness Index (TVDI) 

The last parameter from the remote sensing image data 
extraction that is used to find the distribution of drought in the 
plantation area in this study is the Temperature Vegetation 
Dryness Index (TVDI). A TVDI transformation utilizes the 
relationship between vegetation index and land surface 
temperature (LST). The vegetation index is a good indicator 
to determine the condition of a plant, but it is unable to provide 
information on the moisture condition of the soil. While LST 
can provide information on the amount of heat released by a 
surface related to the process of transpiration and evaporation. 
The integration of vegetation index and soil surface 
temperature into TVDI is able to provide drought information 
on land. The TVDI values are represented as ratios ranging 
from 0 to 1. The TVDI values close to 1 indicate limited water 
availability (dry limit), while TVDI with values close to 0 
indicates guaranteed water availability (wet-boundary). The 
results of data processing in this research produce a range of 
values of wetness of vegetation index from 0.03-0.7 with the 
distribution of the wettest vegetation land is at the bottom of 
the island in the research area with a range of values of 0.03-
0.38, while for the distribution of the driest vegetation land are 
in the middle of the island and around the highway area with 
a range of values 0.5-0.7. The pattern of distribution of 
vegetation drought index in the plantation area in the research 
area is shown in Fig. 5. 

 

Fig. 5. The pattern of distribution of vegetation drought 
index in the plantation area. 

F. Drought Distribution of Plantation Area 

Distribution of plantation land drought in this research 
was obtained by using the parameters of the extraction of 
remote sensing image data. The parameters used are LST, 
NDWI, TVDI, and multispectral classification (to identify 
plantation and non-plantation land). The four parameters are 
then overlayed into one unit of analysis which is then used as 
the basis for the distribution of potential drought in plantation 
areas in the research area. The resulting analysis unit is also 
used as a reference for field data validation. Validated data in 
the field is land surface temperature data which is then 
performed correlation regression analysis to determine the 
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level of accuracy of the representation of processing results 
using remote sensing data. The results of data processing 
showed that the distribution of the most drought potential of 
plantation areas in Rempang Island was the potential for high 
drought with the total area of plantations having a high 
drought potential of 5737.073029Ha. The potential for 
moderate drought in the plantation area on Rempang Island 
has an area of 2851,479327 Ha. Low drought potential has the 
smallest area with a total area of the entire plantation area of 
447.271236 Ha. The distribution of drought potential is shown 
in Fig. 6. 

 

Fig. 6. The distribution of drought potential. 

 

IV. CONCLUSION 

This research uses remote sensing data on Landsat 8 
imagery where this research aims to obtain a drought index 
value using the transformation of Land surface temperature 
(LST), NDWI and TVDI which will then be performed 
correlation regression equations and test the interpretation of 
accuracy of field data on the potential for a drought of 
plantation land in the research area. The results of data 
processing showed that the distribution of the most drought 
potential of plantation areas in Rempang Island was the 
potential for high drought with the total area of plantations 
having a high drought potential of 5737.073029Ha. The 
potential for moderate drought in the plantation area on 
Rempang Island has an area of 2851,479327 Ha. Low drought 
potential has the smallest area with a total area of the entire 
plantation area of 447.271236 Ha. 
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