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Abstract. Synthetic Aperture Radar (SAR) is a potential application of remote sensing to 

geological and hydrometeorological hazards. This paper presents sustainability strategies for 

smart cities: the use of SAR Sentinel-1 for monitoring flood inundation and landslide hazards in 

Aceh Province, Indonesia. In this study, for flood detection, we attempt to uses Sentinel-1A (S-

1A) in the same direction and acquisition through polarization of Vertical transmit and Vertical 

received (VV) – Vertical transmit and Horizontal received (VH) with a temporal baseline of 6 

days. Those data were then analysed using the SNAP Toolbox. The results showed that the S-

1A was successfully for detecting a flood inundation in which VH polarization is more sensitive 

than VV.  For landslide monitoring, we apply multitemporal SAR images, where one of them is 

the Quasi-Persistent Scatterers (Q-PS) technique. Using ascending and descending orbit pass 

results in a better velocity map where both sides of the slope are detected due to the different 

sensor angle of both orbital passes. This technique has resulted in the undulating areas being 

monitored well and this will also fill the gap of layover and shadowing phenomena of the slant 

range SAR image. The Q-PS combinations were very effective to identify the deformation 

features associated with the land movement. For a smart city, natural hazards such as landslides 

and floods require continuous monitoring to ensure the potential as well as management and 

mitigation of natural hazards. Therefore, the InSAR technique is one of the effective ways for 

doing this strategy.  

1. Introduction 

Nowadays, as the world is getting more interconnected, large-scale urbanizationset a lot of pressure on 

the infrastructure. Public safety, healthcare, urban transportation, water, and energy management may 

arise with technologies that are relevant in particular areas. A smart society is a mandatory factor for 

building a smart city. Furthermore, if the city is in the hazard zone, such as landslide-prone areas, fault 

zone that can trigger an earthquake need an appropriate hazard detection and monitoring tool to 

minimize the loss of casualty and property. Detection and monitoring as the pre-hazard occurrence with 
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an appropriate tool are necessary. Interferometry Synthetic Aperture Radar (InSAR)  with all the benefits 

can be the potential technology to detect such natural hazards which are not only in millimeter accuracy 

but also in wide areas. Moreover, InSAR is active remote sensing which can penetrate the cloud and 

work well both days and nights[1]. 

There is a successful application of the potential benefit of SAR images in natural disasters e.g., 

subsidence, earthquake, landslide, and flood [2-6]. Due to rapid change and large movement of the flood 

and earthquake, two of SAR images is enough for the study of the different surface water change surface 

deformation in the flood and earthquake, respectively. The images at least before and during the flood 

means that the peak of the highest of water level. The availability of those images has a higher possibility 

with the current ESA (European Space Bourne), S-1A, and S-1B Satellite SAR images. S-1A and S-1B 

work together in the different orbit pass can detect movement in 6 days (S1-A and S1-B revisit time 

interval)[7]. These active remote sensing satellite images the current of C-Band, with 5.6 cm 

wavelength, has the potential to monitor flood since the flood often occurs in the rainy season and cloud 

cover is high level. Cloud cover revealing quiet general limitations of the passive remote sensing. 

Moreover, active remote sensing can overcome the limitation of day, which is only available in passive 

remote sensing. However, to study landslide and subsidence, the availability of SAR images quantity 

has to be higher. The more images, the more precisely to achieve surface movement. Landslide and 

subsidence are the two cases that deformation could be minimal (e.g., 1 mm – 10 mm). The images 

stacking or time series of SAR images is mandatory for these movements. It is different from flood 

monitoring and earthquake mapping, with only use two SAR images. 

Subsidence monitoring using InSAR application in the big city in Indonesia, such as Jakarta[3], [8] 

Bandar Lampung [9], Surabaya [10]. Meanwhile, the InSAR application has been researched in land 

deformation in Malang[11], Semarang[12], [13],Bandung [14]. InSAR application also shows great 

potential for deformation monitoring in the volcano areas in Indonesia, e.g. Mt. Raung [15], Mt. Merapi 

[16], Mt. Sinabung [17], Mt. Agung [18], and Rabaul Caldera at the next to Irian Jaya Province- 

Indonesian, Papua New Guinea[19]. 

Many research papers show subsidence monitoring, due to it often occurs in the city, e.g in Jakarta 

[3], [8]. The city usually located in flat areas which as an easier task to determine the location (height). 

However, undulating areas are more specific approaches to be used, since there are factors, such as 

active remote sensing only work in slant range, differ from passive remote sensing (use nadir when 

acquiring the images). Infrastructure can be a value-added to the active remote sensing image. 

Infrastructure such as building and road can be scattered points that can reflect the sensors. Reflected 

signal, they can determine the location and levelling infrastructure/building on the particular position on 

the Earth. InSAR has been useful to detect land subsidence, such as Lusi mud volcano, in Sidoarjo [20], 

land subsidence due to groundwater extraction [20] volcano [21]earthquake [22], landslide[23], peatland 

[24].  

  

2. Study Area  

Aceh Province, which is located in the north of Sumatra Island, has been a place for the laboratory of 

all-natural disasters since the most notable was an 8.9-moment magnitude earthquake and tsunami of 26 

December 2004. Aceh often occurs natural disasters such as earthquakes, landslides, floods, and flash 

floods. Takengon is one of the districts where the landslides are more frequent. Takengon is a 100 km 

town from the westernmost edge with a population of less than 230,000. It is the capital of Central Aceh 

district with the topography of the area is hilly and in the mountains, Landslides are one of the disasters 

that often occur in this city, especially in those hilly and mountainous regions.The SAR satellite image 

for the application of landslide in Takengon City is shown in Figure 1. 
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Figure 1. Sentinel-1A ascending (track 41-red) and descending (track 135-yellow) 

with the line of sight (Line of Sight and sensor direction). A small rectangle of red 

and yellow are the area of study is the Takengon city and a small part of Lut Tawar. 

 

In 2018, at least 5 times flood destroy South of Aceh, Indonesia. To stay safe, people are evacuated 

to the nearest village even cross the neighbouring region. The issue is necessary since there is little 

information available in the site area. Since tropical regions, passive remote sensing image covers the 

present of the cloud and only can be obtained in the day, active remote sensing (synthetic aperture radar) 

overcome these restrictions due to great potentially time acquire even day or night.  However, using 

active remote sensing such as Tandem of both radar sensors, Sentinel-1 is a value-added since its low 

revisit time 6 days and it is a value-added for flood monitoring. Some examples of successful 

applications of radar for flood monitoring[4], [25]The study area located at 2.295° N, 97.498° E to 

3.239° N, 97.864° E South Aceh Regency, Aceh Province, Indonesia. This research focuses on Trumon, 

South Aceh, which was the most severe of this disaster. Figure 2 shows the location of the flood 

inundation monitoring.  

 

 
Figure 2. Large and small red rectangle are the footprint of S-1A and S-1B Descending Pass and 

Trumon Sub District Area (South Aceh), respectively.  
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3. Methodology 
The study using two different methodologies, first the methodology for SAR satellite-based flood 

detection and second for deformation monitoring. The researchmethodology covers several major 

components: data collection, as above mentioned, we can detect flood by using only two ground range 

detected (GRD) Level 1.1  type of radar image. However, for landslide monitoring since the deformation 

is very slow ( e.g. 1 mm -100 mm) (dependent on the radar sensors wavelength), more than two images 

have to be taken into account. Single Look Complex (SLC) Level 1.1 needs to be prepared.Two different 

methods can be used for flood detection and deformation monitoring. Flood detection used simple 

change detection of two GRD images, before and during the flood occurs. SNAP (Sentinel-1 Application 

Platform) toolbox is the default image processing in the Sentinel-1 for radar application. On the other 

hand, for deformation monitoring uses and advance of InSAR technique, which uses multi-temporal or 

stacking of the images. The most common option for advance InSAR techniques are Persistent Scatterer 

(PS), Small Baseline Subset (SBAS), and Quasi-PS. In this paper, PS and Q-PS are the technique will 

be used. 

For S-1A datasets, using a new and originality of the SARPROZ software package is a promising 

tool for radar image processing. SARRPOZ with MatLab can detect and analyze the new and updated 

S-1A. The SARPROZ radar processing tool is developed by Perissin [26]. SARPROZ can analyse PS 

technique in urban [27], [28] and Quasi PS in natural mountainous terrain areas [29], [30]. SARPROZ 

offers Quasi-PS (Q-PS) with Minimum Spanning Tree (MST) graph that would be useful to detect and 

to monitor in deformation in a rural area. MST, which emphasizes in partial coherence target approach 

[26] works well in natural terrain. Q-PS is chosen as the radar image processing in the time series of the 

S-1A dataset. In order hand, SARPROZ also offers PS techniques. PS and Q-PS combinations then will 

be discussed. 

3.1 Deformation monitoring 

The main data sourcesuse an update radar image, S-1A Single Look Complex (SLC) image which is 

from the European Space Agency (ESA). Since the launch of S-1A satellite in April 2014, the available 

data on the site is between the late of December 2014 until continue up now. However, due to InSAR 

processing consuming time and limitation and specification of the computer, only between June 2018 

until January 2019, radar image was downloaded and analyzed. 54 Ascending and 18 Descending of S-

1A in Interferometric Wide Mode was described in detail in Table 1 and Table 2. 

3.2 Flood detection 

For the investigation flood area and damage analysis, the S-1A (C-Band) SAR data with Ground Range 

Detected (GRD) product format used. The mode of satellite data is Interferometric Wide (IW) which 

has a swath width area 250 km and has a dual-polarization (VV, VH) (Vertical Vertical, Vertical 

Horizontal). The GRD range and azimuth resolution are 20 x 22 m with pixel spacing 10x10 m [31]. 

This study using S-1A and S-1B GRD IW with the ESA-SNAPProcessor software with two image 

acquisition which is, before and during the flood occur. In this case, there are two data available, 11 and 

17 December 2018 images. The first image acquisition (11-12-2018) is before the flood and the second 

(17-12-2018) is during the flood. The flood occurred on 13 December 2018 at 8.00 am until 18 

December 2018. Because of the flood stay up until the next days, therefore these acquiring date of S-1A 

and S-1B are compatible for the site area since the Sentinel-1 time acquiring is at the morning11.42 - 

11.43 local time. It means Sentinel-1 captured the flood event and suitable for this research. However, 

according to local government (BPBD-Badan Penanggulangan Bencana Daerah), the peak of water 

inundated on 14 December 2018, the flood still appeared on 17 December 2018. Table 3 shows the S-

1A data. 
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Table 1. Availability of S-1A 54, track 41 Ascending SLC IW3 VV Polarization 

No. Date Baseline Perp.(m) Orbit No. Temporal (days) Track No. 

1 2017-03-26 28.5042 15863 0 41 

2 2017-04-07 76.5985 16038 12 41 

3 2017-04-19 83.1599 16213 12 41 

4 2017-05-01 53.121 16388 12 41 

5 2017-05-13 94.4696 16563 12 41 

6 2017-05-25 1.5656 16738 12 41 

7 2017-06-06 77.132 16913 12 41 

8 2017-06-18 49.8635 17088 12 41 

9 2017-06-30 28.9765 17263 12 41 

10 2017-07-12 11.269 17438 12 41 

11 2017-07-24 3.2698 17613 12 41 

12 2017-08-05 58.6162 17788 12 41 

13 2017-08-17 59.8042 17963 12 41 

14 2017-08-29 64.3413 18138 12 41 

15 2017-09-10 49.6867 18313 12 41 

16 2017-09-22 31.4121 18488 12 41 

17 2017-10-04 8.7788 18663 12 41 

18 2017-10-16 28.8499 18838 12 41 

19 2017-10-28 88.7408 19013 12 41 

20 2017-11-09 12.7772 19188 12 41 

21 2017-11-21 56.1721 19363 12 41 

22 2017-12-03 -36.3189 19538 12 41 

23 2017-12-15 -17.0975 19713 12 41 

24 2017-12-27 -44.6924 19888 12 41 

25 2018-01-08 20.521 20063 12 41 

26 2018-01-20 60.3347 20238 12 41 

27 2018-02-01 7.136 20413 12 41 

28 2018-02-13 42.7673 20588 12 41 

29 2018-02-25 6.8055 20763 12 41 

 2018-03-09 No DATA -  - 

30 2018-03-21 -51.0377 21113 24 41 

31 2018-04-02 0 (Master Scene) 21288 12 41 

32 2018-04-14 55.6747 21463 12 41 

33 2018-04-26 29.132 21638 12 41 

34 2018-05-08 31.1311 21813 12 41 

35 2018-05-20 32.2241 21988 12 41 

36 2018-06-01 -17.4774 22163 12 41 

37 2018-06-13 43.2689 22338 12 41 

38 2018-06-25 41.5774 22513 12 41 

39 2018-07-07 -15.8673 22688 12 41 

40 2018-07-19 44.4772 22863 12 41 

41 2018-07-31 -27.5516 23038 12 41 

42 2018-08-12 2.7976 23213 12 41 

43 2018-08-24 4.2438 23388 12 41 

44 2018-09-05 102.0835 23563 12 41 

45 2018-09-17 64.9604 23738 12 41 

46 2018-09-29 36.452 23913 12 41 

47 2018-10-11 44.878 24088 12 41 

48 2018-10-23 2.5903 24263 12 41 

49 2018-11-04 12.2972 24438 12 41 

50 2018-11-16 55.6579 24613 12 41 

51 2018-11-28 -11.611 24788 12 41 

52 2018-12-10 13.3661 24963 12 41 
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53 2018-12-22 3.9665 25135 12 41 

54 2019-01-03 0.26617 25313 12 41 

 

Table 2. Availability of S-1A 18 images Descending, track 135 SLC IW1 VV Polarization 

No. Date Baseline Perp.(m) Orbit No. Temporal (days) Track No. 

1 2018-06-19 34.5473 22432 0 135 

2 2018-07-01 42.8466 22607 12 135 

3 2018-07-13 6.2557 22782 12 135 

4 2018-07-25 10.2937 22957 12 135 

5 2018-08-06 -13.1216 23132 12 135 

6 2018-08-18 -20.7337 23307 12 135 

7 2018-08-30 -49.3395 23482 12 135 

8 2018-09-11 13.889 23657 12 135 

9 2018-09-23 0 (Master scene) 23832 12 135 

10 2018-10-05 18.6327 24007 12 135 

11 2018-10-17 -86.3434 24182 12 135 

12 2018-10-29 -73.2204 24357 12 135 

13 2018-11-10 -55.3373 24532 12 135 

14 2018-11-22 -6.5605 24707 12 135 

15 2018-12-04 -58.02 24882 12 135 

16 2018-12-16 43.1581 25057 12 135 

17 2018-12-28 -72.2274 25232 12 135 

18 2019-01-09 -14.518 25407 12 135 

 
Table 3. Satellite S-1A with dual-polarization VV, VH and azimuth range resolution 20 x 22 m. 

Satellite Data Pass Direction Time Track 
Date 

(Nov 2018) 
Orbit 

Sentinel-1A  

Sentinel-1B  
Descending 11.42 am 143 

11  13994 

17  25065 

 
Flood detection can be analysed by its coefficient of backscatter (Sigma 0), which has a low value 

than others because the satellite signal reflected away from the sensor then the area looks dark (black) 

in SAR images. The processing flow by using ESA SNAP Processing Tool [35] is shown in Figure 10. 

 

Figure 3. A flowchart of methodology with using ESA SNAP and QGIS 
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For flood detection, we used before and during flood images to compare water and land area. To 

decide the value threshold, statistical analysis was applied for selecting the water area. The water class 

area, which has a minimum of backscatter than the land class area. In this case, we used before the flood, 

water in the river (2°49’57” N, 97°37’01” E or Sample 6448 12837 Line) was detected value of 0.0591 

for VH polarization. Then the threshold we selected was 0.0591. It means the coefficient value > 0.0591 

corresponds to the land area. When the time of satellite acquisition is more than 3 days from the peak of 

flooding (14 to 17 December 2018) then some field less identified. However, the flood is still occurring. 

Based on the amplitude value of VV and VH, the area of the study depicted in Figure 4. 

 

Figure 4. Satellite view of the study area, Trumon, South of Aceh 

 
4. Results and Discussion 

4.1 Deformation  

PS with a “one-star” graph of the two 54 and 18 ascending and descending datasets are shown in 

Figure 5 and Figure 7, respectively. The master image with the red dot and with the center of the star 

graph is shown in Figures 7 and 8. The master image is selected by manually based on the interpretation 

with no rain at that acquisition time. 

 

  

Figure 5. 54 images in ascending andin (PS) 

One Star Graph 

Figure 6. 18 images in descending in (PS) One 

Star Graph 
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Figure 7. Time series of 54 ascending  SLC 

images   

Figure 8. Time series of 18 descending SLC 

images (below) 

 

Figure 9 shows the velocity deformation of the PS result with S-1A in the LOS direction. The 

deformation appears clearly in the city or urban area (Takengon city), whereas many backscattered 

points such as building and other man-made infrastructures. Meanwhile, in the Northern left corner of 

the map (white circle) also appears the occurrence of the deformation in the natural terrain. Figure 10 

shows the cumulative displacement of the natural terrain southern part of the Lut Tawar Lake. This 

natural slope is very important to study since the occurrence of the displacement of the ground is higher. 

Moreover, the slope is beside the main road of Lut Tawar Lake that can dangerous the road user and 

surrounding village. There is 6 points ID that shows the high value of cumulative displacement (Figure 

8). Figure 11 shows the graph of displacement trend of point ID 6 and ID 17. Where other points which 

are ID 19, 20, 24, and 30 show similar deformation with ID 6.    

Figure 12 shows the Line of Sight (LOS) direction in the S-1A Descending Orbit pass. Ground profile 

in this case natural terrain in West direction shows a good correlation to LOS direction satellite. In 

Descending orbit pass, PS density higher at slope which is facing to the West, because the satellite 

crosses the sloping topography. It shows an agreement to[33]that stated descending geometry is better 

for slopes oriented to the West. The target point (ID 6) with low coherence 0.5 can be monitored with 

the Quasi-PS technique with high movement capability in the natural terrain area. The off-nadir angle 

of S-1A in descending orbit pass on the part Interferometric Width 1 (IW1) is typically in the range 

26.53° – 32.48°, then in shadow area cannot be penetrated by the satellite signal [31]. 

 

 

 

Figure 9. Velocity of S-1A Descending in LOS (line of 

sight) direction with number of points detected 16423 

Figure 10. Cumulative displacement of 

natural terrain in Southern part of Lake 

Takengon city 

Lut Tawar Lake 
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Figure 11. Velocity of Sentinel-1A Descending in LOS (line of sight) direction with number of 

points detected 16423 

 

 

Figure 12. Cumulative displacement of natural terrain in Southern part of Lut Tawar Lake 

 

4.2 Floods 

The results present the potential for detecting flood events using S-1A GRD images with the InSAR 

technique. The differences VH polarizations either before and during a flood are shown in Figures 13 

and 14. The monitoring over the Southern and Northern parts of the river very clearly showed the dark 

areas, especially in the inundated area. However, in the Northern part of the river, although the water 

was still inundated, yet less dark than the Southern and Eastern parts. On the other hand, Figure 15 and 
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16 in the VV polarization perspective, in which similar to VH polarization.  In the Southern and northern 

part of the river, VV polarization of the inundated area shows darker when compares before the flood. 

In the center up to the Southern part, water inundated most of the area. However, in this study, VH 

polarization has more potential to identify flood inundation than VV polarization. 

  

Figure 13. VH Before Flood Figure 14. VH During Flood 

 

  

Figure 15. VV Before Flood Figure 16. VV During Flood 
 

 
5. Conclusion 

Based on the two examples of natural hazards, landslide deformation, and flood detection using InSAR 

techniques, concluded that radar image could be the potential application for mapping such evidence. 

Nowadays, with all the capabilities of InSAR techniques, radar images show a positive trend to use and 

to interpret natural hazard in the smart city. For smart society, radar processing could be useful to map 

flooding in wide areas without overlay immediate government activity such as, for evacuation, medical 

treatment, and blanket and tend and food distribution to the victims and refugees. In other words, flood 

mapping with remote sensing is not disturbing any other agencies. For landslide monitoring using 

InSAR techniques could also benefit the society since the InSAR techniques can detect very small 

movement (e.g. 1-10 cm) as a pre-landslide movement. It gives a warning sign before real landslide 

occurs. Landslide monitoring with InSAR shows a large scale (e.g. in district or sub-district) could be 

mapped continuously. 
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