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Abstract. This study aims to find out how to detect drought by examining distribution
using active and passive sensors. Active sensors use Sentinel 1-A and RGB composites as
a drought detection approach combined with vegetative indices. The passive sensors use
Landsat 8 OLI/TIR with the TVDI method and emphasize the surface temperature and
vegetation index. The results showed that active sensors with RGB Composites could
distinguish drought conditions even with conspicuous residential areas. Whereas passive
sensors with TVDI clearly show the propagation of drought. The TVDI itself is performed
by knowing the relationship between surface temperature and vegetation index where the
results indicate a high association of 0.99 and 0.97. It suggests that the 1-A sentry still
needs a unique algorithm to identify droughts compared to Landsat.
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1 Introduction

Drought is an ongoing disaster in Indonesia during the dry season. The impact of drought
can cause several other catastrophic events such as wildfires and poor harvests [1]. Drought
surveillance is becoming essential and needs to be completed quickly and accurately. Remote
sensing is an active and passive sensor-based detection and monitoring solution [2]. The use of
remote sensing for drought monitoring with passive sensors has been widely done, starting from
small resolution with MODIS [3]-[6] and medium resolution with Landsat [7]-[9]. In contrast
to passive systems for the use of active systems in detecting drought conditions is done with soil
moisture identification [10]-[12].

Active and passive sensors for remote sensing data are an essential combination because it
is known that passive sensors have disadvantages with the appearance of clouds and shadows.
However, active sensors will bridge these gaps and provide information on earth changes over
time. Passive sensors will use Landsat imaging with the TVDI method [13], which concentrates
on surface temperature and vegetation index [14]-[16]. While the sensor actively utilizes
sentinel imaging 1A with the approach to vegetation display in dry and wet months [17], [18].
Different sensors for direct drought detection have been infrequent because of the limitations of
remote sensing data and the applications used. They selected the two remote sensing images as
data because they are freely accessible and can be optimized with algorithms that have been
developed to date [19], [20].

The combination of active and passive sensors is expected to provide additional information
needed for drought identification. The primary study objective was to map active and passive
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sensors and analyze differences in drought identification outcomes. The gaps and benefits of the
two sensors in this study are expected to be useful for further research.

2 Study Area and Data

2.1 Study Area

The research took place at Buleleng Regency in Gerokgak Subdistrict is located on
8°7°17”’ LS and 114°25°53”” BT. Gerokgak district has varied topographic characteristics. The
northern region has sloping conditions and is a coastal area, while in the middle is a plain area
used for settlement and economic development. The southern section is entirely represented by
hills dominated by structural and denudation shapes [21]. This topographical variation is
becoming a significant factor of regional research because it will impact remote sensing data
processing results.

2.2 Remote Sensing Data

Passive sensors using Landsat 8 OLI/TIRS images are freely available from the USGS
website. Landsat 8 will concentrate on thermal bands to obtain drought, temperature information
using Sobrino et al., [22] and vegetation index information using red and infrared bands. The
step which is still performed on the passive sensors is pre-processing before entering the data
processing step.

The sensor actively uses Sentinel 1-A images in dry and wet months in the same year,
2020. Sentinel 1-A images are freely available on the official Copernicus website. The
acquisition of information on active sensors will concentrate on identifying the appearance of
vegetation during the wet and dry months. Active sensors, the processing phase becomes very
important for producing drought information.

3 Methodology

Figure 1 shows the steps taken to process the data in the study. The data is processed
gradually using the Landsat 8 and Sentinel 1-A images.

3.1 Land Surface Temperature (LST)

Landsat 8 OLI/TIRS used in processing is the thermal band (band 10 and 11). The method
for obtaining surface temperature data uses a method developed by Sobrino et al., [22], [23] by
concentrating the emission value of the vegetation index value. Before proceeding with the LST
step, a brightness temperature value must first be obtained using the method illustrated by the
USGS [24] as in Equation 1.

K>
Trad - ln( K1 +1) (1)

Lsensor

Where the values K; and K; are the thermal bands Landsat 8. Lsensor IS the resulting band of
thermal radian band processing. Traqd is the result of brightness temperature. Further processing
is carried out to determine the surface temperature shown in equation 2.



LST = TByo + C, (TB1g — TB11) + C; (TB1g — TB11)? + Co + (C5 + C,W)(1 —m) + (Cs + CsW)Am (2)

Where TB,, and TBy, is the result of brightness temperature. C1 - C6 is a constant value derived
from previous research [22], [25]-[27]. The W value is obtained from the extraction of MODIS
images based on the results of the Nugraha [15]. The value of m and Am is the value of the
difference in land surface emissivity in accordance with the processing of the results of Nugraha

[8].
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Fig. 1. Research Flowchart
3.2 Vegetation Index

The vegetation index used is a standard algorithm which is NDVI (Normalized Dryness
Vegetation Index), shown in equation 3. NDVI information acquisition using Band 5 and Band
4 from Landsat 8 OLI image. It is used to show vegetation conditions, but the vegetation index
value will be used to extract emissions values, such as the method developed by Sobrino [22]
and applied by Nugraha [8]. Processing radar data for vegetation display will use several
algorithms such as NDVI, SAVI (Soil Adjusted Vegetation Index), and MSAVI (Modified Soil-
Adjusted Vegetation Index) [28]-[30] it was used to find out whether there are differences that
arise to the appearance of vegetation with different algorithms on active imagery. The results of
the vegetation index will be displayed using a Red Green Blue (RGB) composite. The
algorithms used by SAVI and MSAVI are presented in equations 4 and 5. The NIR is the sigma
VH, and the Red is the sigma VV on Sentinel I-A.

Band 5—Band 4

NDVI = Gnas+Banas ®

NIR—Red

(4)
1

MSAVI = (NIR + 1) = (5) [(2NIR + 1)? = 8(NIR — R)]'/? ©)



3.3 Temperature Vegetation Dryness Index (TVDI)

Sandholt et al. [13] developed the TVDI method to monitor drought. The use of this
method makes it possible to compare the surface temperature with the vegetation index to
determine the condition of an area experiencing a drought. The value produced by TVDI starts
from the range of values 0 to 1, where the value of 0 is wet conditions and the value of 1 is a
dry condition [4], [13], [31]. The TVDI algorithm is shown in equation 6.

LST- LSTpmin

TVD[z ——
a+bNDVI- LST in

(6)
Where LST is a surface temperature, the LSTmin Value represents the lowest surface temperature
in the treatment. Equation a+bNDVI results from the regression obtained by the connection
between the surface temperature and the vegetation index.

4 Result and Discussion

Landsat imagery using the TVDI method shows the distribution of drought-affected areas
in Figure 3. Areas with hilly topography to approach the plains are primarily included in the
wetness, Normal, and Slight Drought classes. In comparison, drought conditions are evident in
plains areas dominated by built-up land. This relationship same with Sandholt et al. (2002) result
has developed between surface temperature and vegetation index, where low vegetation
conditions will follow high surface temperatures and instead. This studies about surface
temperature and vegetation index regression results revealed a high association of 0.99 for
LSTmax (a+bNDVI) and 0.97 for LSTmin.

The Gerokgak area has a landform character dominated by structural forms with textured
soil conditions in the sand [32]. Therefore, the Gerokgak region tends to experience drought
first compared to other regions in Bali province. The results of field survey activities and
accuracy tests showed that hilly areas bordered by plains tended to be more rock and did not
show the presence of thick soil solums. In addition, accuracy tests conducted with a soil moisture
tester has a good relation on severe and moderate drought showed a value of 1, while a wet and
normal region in a high-vegetation area showed a value of 8. The tools can provide
measurements only 5 centimetres from the ground. Based on the 50 samples taken,
measurements based on class distribution obtained an accuracy of 84%, where the difference in
accuracy occurred in regular classes that entered the dry class. The accuracy only for the Landsat
processing and for Sentinel-1A it is difficult to seen because information mostly about speard
of built-up. If built-up is particulary from drought mapping, so the accuracy Sentinel is more
lower than Landsat.



220000 230000 240000 250000 260000
1 L 1 1 1

u Legend
A [ wetness
¢ [ stignt prought
["] Moderate Drougnt
+- Severe Drought

9102000
T
9102000

078000

Fig. 3. TVDI Result

Sentinel 1-A in drought identification made with a composite colour (RGB) approach in
which the inputs used are vegetation index and sigma VH and VV. This approach carrie out
considering sentinel 1-A imaging capable of using all channels (VV + VH) possessed. The
resulting RGB composite makes a difference during the wet and dry seasons. The dry season is
in July, with the wet season in November. RGB patterns with SAVI/MSAVI composites in red
bands, sigma VV in green bands, and sigma VVH on blue bands (Figure 4a) show sensitivity to
building appearances, and vegetation appearances tend to be dark in colour. The second RGB
pattern with the NDVI composite on the red band, the sigma VV on the green band, and the
sigma VH on the blue band (Figure 4b) show a brighter water display with red colour gradations
to yellow and orange, indicating the appearance of the building. The appearance of the
vegetation dominate by the spotty red aspect mixed with the black.

The third composite (Figure 4c) addresses drought by focusing on the red and green bands
that use the VV and VH sigma bands. As for the blue band using the appearance of SAVI /
MSAVI. These composites show more colour differences which are easily classified between
vegetation and soil. The appearance of the vegetation is represented in purple colour in the dark
direction, whilst for the appearance of a light purple building. The appearance of an open field
shows a darker colour on the moist moon and dark green on the dry moon. Knowing the
difference in each colour composite resulting from the vegetation index and Sentinel 1-A
channel proves that with composites, vegetation and non-vegetation conditions are still able to
be distinguished even though the limits are still unclear.
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Fig. 4. RGB Composite of Sentinel 1-A; (a) SAVI/MSAVI, VV, VH (b) NDVI, VV, VH (c) VV, VH, SAVI/MSAVI



Landsat 8 OLI/TIR and Sentinel 1-A images show differences in drought identification.
Passive sensors like Landsat require clear steps and measurable variables to identify drought. In
contrast, Sentinal 1-A uses a simple method with colour composites and has a similar model to
the TVDI results. On the plains, one sees more clearly the combination of composites against
the spread of drought with TVDI than on the hills. Both are sensitive to the appearance of
buildings because most of them use clay and iron roofs.

5 Conclusion

The spread of drought resulting from RGB composite images on Sentinel 1-A that uses
vegetation indexes and VV+VH is still not strong enough to indicate the location of drought in
a region. In contrast to Landsat, which uses the TVDI method, the location of the drought
distribution, especially in the plains, is clearly and reliably shown. The image capability of
Sentinel 1-A in drought identification is still necessary for unique algorithms to enhance VV +
VH channels. Conversely, in the case of the TVDI method, it is necessary to record the
relationship between the surface temperature and the vegetation index. In future studies, the use
of Sentinel 1-A expect to provide specific algorithms for detecting drought.
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