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A B S T R A C T   A R T I C L E   I N F O 

Coherence analysis is a valuable technique to assess the 
suitability and similarity of pixel pairs between two radar 
images taken at different times. In this study, we conducted 
a coherence analysis on a series of Sentinel-1A images 
acquired between 2017 to 2022 in Palembang, Indonesia, 
encompassing various land covers. The analysis was 
conducted on different land covers, including urban areas, 
agricultural lands, and natural terrains. The study aimed to 
identify land cover types with high coherence values in 
Sentinel-1A images, which could indicate stable or 
unchanged surfaces. The results show that land cover in 
Palembang, which has high coherence, is open land and 
built area. The average coherence value in the study area 
from 2017 to 2022 is ~0.2 to ~0.27, indicating relatively 
stable surfaces. This indicates that the Sentinel-1A image is 
very suitable for producing reliable and accurate 
information for both land cover types.  This study is helpful 
as an initial consideration to utilize Sentinel-1A image for 
further earthquake and disaster analysis research. 
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1. INTRODUCTION 

Sentinel-1A image is one of the satellites that utilizes SAR (Synthetic Aperture Radar) 
technology (Bioresita et al., 2021; Yusup et al., 2023). Sentinel-1A image uses a microwave 
sensor with a C band, which has a wavelength of 5.6 cm, so that it can penetrate clouds, not 
affected by weather conditions or not during the day or night (Cao et al., 2022). Sentinel-1A 
images can be used to study surface displacement in various regions, such as Tianjin, China 
(Zhang et al., 2019). However, the Sentinel-1A image is not good enough to study crustal 
deformation in areas of Indonesia that have many forests with dense vegetation, where 
Indonesia has forests with an area of around 50.9% of its land area, which are 
disproportionately distributed in Indonesia (KLHK, 2020; Razi et al., 2018). This is because 
the C band from the Sentinel-1A image is not good at penetrating measurements to the 
ground surface or objects under dense vegetation (Nasirzadehdizaji et al., 2021). 

The data obtained from the Sentinel-1A image is the appearance of backscatter radar 
waves from objects or physical conditions on the earth's surface (Ullmann, 2019; Sumiati et 
al., 2023). The coherence value of radar images can be influenced by the backscatter volume 
received (Rulian et al., 2021). The higher backscatter is associated with a better level of 
coherence (Canisius et al., 2019). Coherence is the level of suitability or similarity of each 
pixel between two images taken at different times, with values between 0 and 1 (Lippl, 
2018). Low coherence values are often found in forests, while high coherence values are 
found in built-up areas (Xiang et al., 2016). Each land cover has a different coherence value 
because it has different characteristics in reflecting radar waves (Santoro et al., 2010). This 
shows the relationship between coherence values and land cover. 

Land cover is the physical appearance of the earth's surface (Derajat et al., 2020). 
Indonesia has a diverse land cover, supported by the fact that Indonesia is an archipelagic 
country consisting of land and sea. Analyzing the coherence of Sentinel-1A images across 
various land covers is an initial consideration in studying surface deformation in a specific 
area. This is crucial as the processing of Sentinel-1A images is time-consuming. Identifying 
the areas that can yield valuable surface displacement information before processing can 
significantly optimize the study time. The main objective of this research is to identify the 
land covers that produce high coherence of Sentinel-1A images. 

2. METHODS 

The locations in this study include the Sentinel-1A image data used in the city of 
Palembang and its surroundings (Figure 1). This location was chosen as the research 
location because it is an area that has diverse land cover, including the waters of the Bangka 
Strait to the Bangka Belitung Islands. The classification of various land covers is also clearly 
visible and facilitates coherence analysis of land cover. In addition, this area has low 
elevation diversity (PUPR, 2017), and the shadow effect from InSAR due to high elevation 
differences can be assumed to be non-existent (Novellino et al., 2017).  

The image data used is Sentinel-1A image data during 2017-2022, Single-Look Complex 
(SLC) type with Interferometric Wide (IW) recording mode, VV+VH polarization, and 
descending type (Table 1). Digital elevation Model Shuttle Radar Terrain Mission (DEM 
SRTM) data, which has a horizontal accuracy of 30 m and a vertical accuracy of 16 m (Farr et 
al., 2007), is used as image correction data to obtain coherence values. The land cover data 
used was obtained from Esri Land Cover in the form of a Sentinel-2A image for 2017-2022 
with seven classification classes, which are the results of an Artificial Intelligence (AI) 
classification model. Land covers for six years with 42 images of land cover data will be used 
in this study. 
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Figure 1. Map of Research Location. Red rectangle is footprint Sentinel-1A 

Table 1. Sentinel-1A Image Data Specifications 

Image 
Number Year Month Date 

Start of 
Recording 

End of 
Recording Image Pairs 

1 2017 06 11 22:40:38 22:41:05 2, 3, 4, 5 

2 2017 12 08 22:40:43 22:41:10 1, 3, 4, 5, 6 

3 2018 06 06 22:40:44 22:41:11 1, 2, 4, 5, 6, 7 

4 2018 12 03 22:40:50 22:41:17 1, 2, 3, 5, 6, 7, 8 

5 2019 06 01 22:40:50 22:41:17 1, 2, 3, 4, 6, 8, 9 

6 2019 12 10 22:40:56 22:41:23 2, 3, 4, 5, 7, 8, 9, 10 

7 2020 06 07 22:40:57 22:41:24 3, 4, 5, 6, 8, 9, 10, 11,   

8 2020 12 04 22:41:02 22:41:29 4, 5, 6, 7, 9, 10, 11, 12 

9 2021 05 21 22:41:02 22:41:29 5, 6, 7, 8, 10, 11, 12 

10 2021 12 11 22:41:08 22:41:35 6, 7, 8, 9, 11, 12 

11 2022 05 04 22:41:06 22:41:33 7, 8, 9, 10, 12 

12 2022 12 06 22:41:14 22:41:40 8, 9, 10, 11 
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The InSAR or Interferometric Synthetic Aperture Radar method is used to process the 
research data. InSAR combines two SAR (Synthetic Aperture Radar) images of an area 
recorded at different times and recording angles to produce an interferogram image 
(Anggara et al., 2023). The resulting process contains phase information, and the 
interferogram image also contains coherence information, which will be used in this study. 
Then, the coherence value is obtained by validating the coherence value with land cover or 
the correlation (Figure 2). 

 

 

Figure 2. Flowchart of Research Implementation 

The processing starts with pre-processing, such as preparing the orbits for each image, 
generating a baseline, and pairing the image. Then, co-registration is conducted by 
combining paired images into one image to form an interferogram image. In this step, each 
pixel (distance, azimuth) from the slave image is adjusted to the master image with 38 
image pairs. The final process is to create an interferogram by forming an interferogram 
image and reducing topographic effects using DEM. This step produces coherence. The 
coherence data is downsampled every 0.2 m to reduce computation time effectively. 38 
coherence data are correlated with 42 land cover data from different times. This process is 
conducted by assigning land cover information on each coherence pixel (Alif et al., 2020). 
The coherence of each land cover from 2017 to 2022 is classified from 0.18 to 0.36 with a 
range of 0.2. The results of the coherence classification of all images were averaged, and the 
average coherence value of each land cover was calculated from 2017 to 2022. 

 
3. RESULTS AND DISCUSSION 

Classification of land cover in the study area was processed according to the source of the 
data obtained from the Esri Land Cover website. This classification is divided into seven 
classes: blue as water bodies, orange as agricultural land, red as built-up land, brown as 
open land, yellow as shrubs/grasslands, light green as stagnant vegetation, and dark green 
as dense vegetation. The coherence value in this study is classified in the range of 0.18 to 
0.36. The further the right of the color scale, the higher the coherence. There is a coherence 
value outside the classification range, but the number of pixels is very small, less than 
0.09%, so it is considered an outlier. Figure 3 to Figure 8 shows the land cover and 
coherence map from 2017 to 2022.  



139 | Jurnal Geografi Gea, Volume 23 Issue 2, Oktober 2023 Hal 135-143 

DOI: https://doi.org/10.17509/gea.v23i2.61258 
p- ISSN 1412-0313 e- ISSN 2549-7529    

The highest coherence values are in the study areas in 2017, 2018, 2019, 2020, 2021, and 
2022, which are similar values in the range 0.34-0.36, visualized in white, while the lowest 
coherence values are in the range 0.18-0.20, visualized in white Brown. Compared with the 
Land Cover Map each year, the highest coherence value is built-up land cover, while the 
lowest is water body land cover. Each land cover has a distribution of coherence values over 
a different range. Coherence in water bodies has a value between 0.18-0.24, which is 
visualized in brown, orange, and cream colors, especially in 2018 and 2021, with the range 
of coherence values in the range 0.18-0.20 more than the others. Coherence on agricultural 
land with stagnant vegetation, dense vegetation, and dominant grasslands/ shrubs has 
values in the range of 0.18-0.26, which are visualized in brown, orange, cream, and green. 
Coherence in dominant open land has a value between 0.18-0.30, which is visualized in 
brown, orange, cream, and green. Coherence on built-up land with a dominant value 
between 0.20-0.36. 

Coherence shows the level of similarity of each pixel between image pairs in processing 
using the InSAR method, with a value of 0 to 1. If the coherence value is close to 1, then the 
coherence is getting better and will produce a good product. In the Sentinel-1A image 
utilizing the C band, penetration is limited when penetration through the canopy/ 
vegetation and water bodies, resulting in a change in the return signal (backscatter), which 
results in a low coherence value (Tamm et al., 2016; Olen and Bookhagen, 2018). 

 

 
(a) 

 
(b) 

Figure 3. (a) Land Cover Map 2017 and (b) Coherence Map 2017 
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(a) (b) 
Figure 4. (a) Land Cover Map 2018 and (b) Coherence Map 2018 

 
(a) 

 
(b) 

Figure 5. (a) Land Cover Map 2019 and (b) Coherence Map 2019 

 
(a) 

 
(b) 

Figure 6. (a) Land Cover Map 2020 and (b) Coherence Map 2020 

 
(a) 

 
(b) 

Figure 7. (a) Land Cover Map 2021 and (b) Coherence Map 2022 
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(a)  

(b) 

Figure 8. (a) Land Cover Map 2022 and (b) Coherence Map 2022 
 

Table 2. The Average value of coherence in each land cover in 2017-2022 

Year Water Crops 
Built 
Area 

Bare 
Ground 

Flooded 
Vegetation Tree Grassland/Bush 

2017 0.210 0.221 0.260 0.226 0.218 0.222 0.219 

2018 0.207 0.219 0.258 0.222 0.218 0.220 0.217 

2019 0.208 0.221 0.263 0.225 0.217 0.221 0.219 

2020 0.208 0.220 0.263 0.224 0.216 0.220 0.218 

2021 0.208 0.221 0.268 0.223 0.220 0.221 0.218 

2022 0.204 0.221 0.247 0.221 0.218 0.220 0.218 

 
Land cover in water bodies has a smaller coherence value than other land covers from 

2017-2022 (Table 2), with an average value of 0.204 to 0.210. This is because the coherence 
value is affected by backscattering from the water body, and the low-value results from the 
characteristics of the water body. Factors that can affect the low coherence value of a body 
of water are that a body of water has a smooth surface, where a smooth surface will 
produce low backscattering because it tends to reflect microwaves in one direction, away 
from the direction of the sensor. In addition, in the research area, the dominant body of 
water is the sea area. Sea water has the ability to absorb radar waves, which can reduce 
backscattering. The land cover with a high coherence value is the built-up and the open land 
cover. The average coherence value of built-up land in 2017-2022 is 0.24 to 0.26, while the 
average coherence value of open land in 2017-2022 is greater than 0.22. This is because 
built-up land cover and open land cover are objects that produce minimum temporal 
decorrelation and can produce optimal backscattering and high coherence values. 
Therefore, the utilization of Sentinel-1A images on built-up land cover and open land cover 
could produce good information for further research in earthquake and disaster analysis. 
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4. CONCLUSION 

Sentinel-1A image coherence analysis results on various land covers from 2017 to 2022 in 
Palembang show that built-up and open land cover produce high coherence value. This 
indicates that the Sentinel-1A image is very suitable for producing reliable and accurate 
information for both land cover types. In contrast, the Sentinel-1A image is unsuitable for 
producing reliable and accurate information in areas with less open and built-up land cover 
and more water bodies and vegetation. The result of this study could be used as an initial 
consideration before utilizing Sentinel-1A image.  
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