Sediment Budget Analysis by Long-term Differential InSAR in Hiroshima
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ABSTRACT: Devastating hazard such as landslide happens every year because of heavy rain and geographic feature in Japan. Especially Hiroshima Prefecture has over 1400 warning areas for landslide. In this research, we propose utilization of Differential InSAR (DInSAR) to monitor sediment deposit using ALOS-2 before the disaster occurred. ALOS-2 has PALSAR-2 that sensor uses L-band for acquiring fine changes of ground like some centimeter by crustal movement. We collected SAR data from 2014-2019 in Hiroshima, especially Kure city. We conduct InSAR process using 2 season data by GMTSAR to find out the changes before the landslide occurred. GMTSAR is open software for InSAR. After that, we conduct raster calculation process 2 result of InSAR by QGIS. These results compare for long-term analysis of changes. In the field survey, we saw these important areas and landslide area which had damages in 2018. Some landslide areas in 2018 could not find the changes by DInSAR. We investigated the reason by geographical feature, spatial resolution of satellite or off-nadir angle.

1. INTRODUCTION

1.1 Social Background
 
Recently, torrential rain and large typhoon cause disaster and inflict heavy damage on human life, residence area and infrastructure. The landslide is one of the most dangerous disasters because it is difficult to escape from disaster happening. Therefor it is important for resilience and disaster prevention to grasp warning area. The hazard map is well- known as one of the counter-measure for disaster in Japan. The social media always call resident’s attention by checking hazard map when we can forecast big damage from disaster before like huge typhoon. It is becoming general. 

Most hazard maps are made from information of elevation, gradient and geographic feature however it did not include in sediment budget such as weathering and erosion. It needs to monitor this phenomenon for more reliable hazard map. The conventional monitoring method of sediment budget is the sensor using GNSS and recording using cameras continuously. But this method is difficult to maintain because the warning area is really huge and enormous number, for example Hiroshima has over 40,000 points of the serious warning area for landslide.
Beside it needs to monitor sediment budget because sediment movement is not so actively. The monitoring method using camera difficult to acquire about sediment budget in long-term.
In addition, some serious dangerous areas are in the difficult place to go because there are no way to go. It is possible that there are so many potential serious warning areas we could not know. 

1.2 Purpose

Interferometry SAR(synthetic aperture radar) technique is well known ground movement and deformation. It is the geodetic technique to identify ground movement and deformation of the earth using repeat-pass interferometry (Hanssen, 2002). This technique is very useful, especially emergency disaster response and has reliable past record in ground subsidence. For example, ALOS-2 showed high accuracy of damage assessment for the 2016 Kumamoto earthquake in Japan (Tamkuan & Nagai, 2017)

In this research, we utilize ALOS-2 to develop monitoring method in mountain area in long-term. ALOS-2 is operated by JAXA(Japan Aerospace Exploration Agency). It has PALSAR2 that is microwave sensor. PALSAR2 uses L-band to acquire ground condition. The microwave could survey regardless of the time and weather. In addition, PALSAR2’s microwave-length is longer than sentinel-2 one. That feature is difficult to be influence from trees. Therefor it possible to survey ground directly and calculate ground movement in a few centimeters. (Fig.1)
Therefor we propose that the satellite data utilize to grasp and monitor about sediment budget as exhaustive and efficient method.
[image: ]
Figure.1 Principal of Interferometry SAR

1.3 Research Target

In 2018, the typhoon No.7 stimulated a seasonal rain front to make heavy rain from 28th June to 8th July in the west of Japan. That heavy rain recorded the most precipitation of 24h and 48h in record history. It made devastating damage such as flooding and landslide in huge area and simultaneous frequent occurrence. It caused 223 fatalities, 20,663 damaged houses and 29,766 sunk houses. 

Especially, Kure city in Hiroshima prefecture had one of the heaviest damages. The precipitation accumulation record of Kure city was top of Japan in this period. Kure city in Hiroshima prefecture was happened 182 landslides (in residence area), 172 landslides that gave damage and 1,460 landslides (that gave no damage outside residence area). These landslides made 25 fatalities and cut off every traffic roads leading to another city.

Hiroshima prefecture has the most warning area for landside in Japan. Hiroshima ground constitutes of granite rock. Granite rock is easy to undergo weathering and erosion and accounts for over 40% in Hiroshima. Most residents live near the mountain because there are a few plain fields in Hiroshima prefecture. Therefor Hiroshima Prefecture is really weak sediment disaster. 

Research purpose is acquiring sediment budget by InSAR technique using ALOS-2 data. Granite rock is easy to become sand, move and accumulate. We suggested the sediment move happen before huge disaster. That is why we choice Kure city as target area.
[image: ]Figure2. Kure city landslide -left: after disaster, right: before disaster (11th  July 2018)
Cite: The Geospatial Information Authority of Japan

2. DATA AND SOFTWARE

ALOS-2 launched as Japanese land observing satellite in 2014. The observation data is utilized  mapping, emergency observation for disaster and exploration resource. ALOS-2 has two optical camera and one synthetic aperture radar. The table.1 shows ALOS-2 and PALSAR2 outline.

[image: ]Table1. ALOS-2/PALSAR2 Outline

The PALSAR data that we collected is processing level 1.1 or SLC (Single Look Complex) products. The observation mode is Strip map mode (SM1or SM2). Therefor spatial resolution is under 6m. DEM (Digital elevation model) from ASTER GDEM had been used for interferometry processing. In this research, two images are used for InSAR processing. After that two InSAR images processing for DInSAR(Differential InSAR) processing. Information of SAR data for analysis are shown Table2. InSAR processing are conducted by GMTSAR (Sandwell et al.2016). QGIS conduct DInSAR processing and other processing.
[image: ]Table.2 ALOS-2/PALSAR2 Images in this study


3. METHODLOGY

3.1 Interferometry SAR processing

[image: ]Two level 1.1 images are conducted reproduction processing to make SLC image with location information. Master image and slave image are match to check location gap. Slave image is relocated to fix location gap. Two SLC images made by these processing. After that, two images are conducted Interference processing. Finally, deformation stripe image and coherence image are produced. This processing flow is shown by Figure.3. This processing is conducted by GMTSAR.
Figure 3. Interferometry SAR processing flow



3.4 Differential InSAR processing

InSAR processing make coherence image. Two coherence images conduct raster calculation processing. This processing emphasizes fine ground changes as relative evaluation using QGIS. QGIS is open source for geographic Information system. It could create, edit, visualize, analyze and publish geospatial information. In addition, plugin function is possible to expansion more variable analysis and editing ability. We use raster calculation function to make DInSAR result. The equation for raster calculation shows below.

(InSAR1-InSAR2)/(InSAR1+InSAR2)‥‥(1)

3.5 Field Survey

It needs to check analysis consistency. Therefor some points were chosen from analysis result, public information of reinforcing works for slope and location landslide in 2018. We went to these points and took photo to record around condition. The table.3 is survey location and photo ID.

[image: ]Table.3 Location of Field Survey

4. RESULT AND DISCCUSSION

4.1 Interferometry SAR

InSAR image of before to after shows landslide. It possible to acquire sediment movement such like landslide. However, InSAR image of after to after could not shows sediment budget. The same result  is InSAR image of before to before. It is difficult to evaluate absolutely by InSAR technique. Therefor it needs to process for relative evaluation.
[image: ]
Figure.4 Interferometry Image (left: Before-After, right: After-After)

4.2 Differential InSAR

Raster calculation is conducted by QGIS. After that, we classified and extracted sediment budget. Rater calculation become coherence value -1~+1. Near 0 is few changes and -1 or +1 is big difference.
[image: ]

Figure.5 DInSAR Image (left: 10th July 2018 by Google Earth)

4.3 Field Survey 

Some landslide points could not be detected because of radar shadow and foreshortening. Landslide point could be extracted over 60% in this field survey area by DInSAR result. in addition, location is sometime shifted by feature SAR.In figure.6, the red is landside but we could see this landslide few meter distance from DInSAR results.








[bookmark: _GoBack]
[image: ]Figure.6 Landslide area (Photo ID: P9190073)

It is not so low percentage of landslide detection, but there so many noises. For example, DInSAR shows ground changes in Figure.7.  However, there are only rice field and we could not see landslide. It is high likely that DInSAR in Figure.7 shows seasonal changes.
[image: ]
Figure.7 DInSAR noise case.1(Photo ID:P9190078)

Next, DInSAR in Figure.8 shows ground changes in residential area. There are no mountain and slope. It is difficult to happen landslide and sediment movement. However, there were some houses before disaster. Landslide gave residential area damage. Therefor some houses were gone. There are parking area in present.
[image: ]
Figure.8 DInSAR noise case.2 (Photo ID:P9190040)

5. CONCLUSION

InSAR technique could detect concrete changes. Therefor it is possible to extract big changes such like landslide. However, it is difficult to detect fine changes such like sediment budget. 

After that, we conducted raster calculation using two coherence images as DInSAR. That result is relative evaluation but few changes could conduct. It needs to developed another evaluation method as absolute value. DInSAR is relative evaluation. But it is possible to find sigh of potential risk of landslide in long-term.
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ALOS-2 images Acquisition date Off-Nadia angle Disaster Processing level 



ALOS2017152920-140917_L11 17th Sep 2014 35.4 Before 1.1
ALOS2073042920-150930_L11 30th Sep 2015 35.4 Before 1.1
ALOS2085462920-151223_L11 23rd Dec 2015 35.4 Before 1.1
ALOS2099952920-160330_L11 30th Mar 2016 35.4 Before 1.1
ALOS2135142920-161123_L11 23rd Nov 2016 35.4 Before 1.1
ALOS2151702920-170315_L11 15th Mar 2017 35.4 Before 1.1
ALOS2166192920-170621_L11 21st Jun 2017 35.4 Before 1.1
ALOS2176542920-170830_L11 30th Aug 2017 35.4 Before 1.1
ALOS2188962920-171122_L11 22nd Nov 2017 35.4 Before 1.1
ALOS2220012920-180620_L11 20th Jun 2018 35.4 Before 1.1
ALOS2230362920-180829_L11 29th Aug 2018 35.4 After 1.1
ALOS2242782920-181121_L11 21st Nov 2018 35.4 After 1.1
ALOS2259342920-190313_L11 13th Mar 2019 35.4 After 1.1
ALOS2296602920-191120_L11 20th Nov 2018 35.4 After 1.1
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