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ABSTRACT

To shorten the time required to survey the locations where sediment movement occurred using satellites and to expand the survey area, we
examined a method to survey the sediment disaster locations using ALOS-2 in combination with other satellites and verified the differenc-
es in (1) the visible area, and (2) the appearance of the sediment disaster locations. Consequently, it has been confirmed that, in the case
of using multiple satellites simultaneously as compared with the case of using ALOS-2 individually, (1) the proportion of the visible areas
increases more quickly; (2) when creating intensity difference SAR images, sediment movements such as a thin and long failure or debris
flow may be capable of being found by using an artificial satellite image that utilizes electromagnetic waves of a wavelength band of the

X-band for the image after the disaster.

INTRODUCTION

To survey the locations where sediment movement occurred in a wide area, remote sensing technology using an artificial satellite is effective.
In the remote sensing technology using an artificial satellite, optical satellites equipped with optical sensors and SAR satellites equipped
with a synthetic aperture radar (hereinafter called SAR) are utilized. Optical sensors are passive sensors that observe the reflection of elec-
tromagnetic waves of a wavelength in the visible area, mainly sunlight. Therefore, the observed images are images that are easy to under-
stand sensorily for humans, but observation is difficult at night and in bad weather conditions. On the other hand, SAR is an active sensor
that irradiates microwaves to the target of observation and observes the reflection of such irradiation and the electromagnetic energy that
has been scattered. Therefore, for humans to understand the observed images, they require training and experience, but observation can
be made day and night and in bad weather conditions as well. In a situation where there is a concern for sediment disaster occurrence,

observation is desirable to be made irrespective of the time and weather conditions, and therefore utilization of SAR satellites is anticipated.

In recent years in Japan, utilization of the artificial satellite called ALOS-2 that is equipped with SAR called PALSAR-2 that irradiates elec-
tromagnetic waves of a wavelength band of the L-band is proactively underway, as a technique for speedily surveying the locations where
sediment movement occurs after a torrential rain or earthquake. Suzuki et al.1), 2) created intensity difference SAR images that visualized
the differences in backscatter intensity between the images in the 2 periods before and after the sediment disaster that were observed by
ALOS-2, and proposed a method for searching the locations where sediment movement occurred from the features of the color distribution

of such images. This method is utilized at present in the practical work for response to a disaster as well.

However, the present method of creation of intensity difference SAR images specifies that only the images of ALOS-2 before and after the
sediment disaster should be used. Therefore, even in times of emergency when the locations where sediment movement occurred must be
surveyed speedily, since the time required for observation and the range where observations can be made depend on the conditions of ob-
servation of ALOS-2 on the day, the survey of the locations where sediment movement occurred may not be capable of being implemented

sufficiently.

Therefore, in this study, to shorten the time required for the survey of the locations where sediment movement occurred and enlarge the
range of the survey, a method for the survey of the locations where sediment movement occurred by using ALOS-2 and multiple artificial
satellites simultaneously has been examined, including the other artificial satellites utilizing the electromagnetic waves of the wavelength

bands of the X-band and C-band, and the results of such examination are reported below.

METHODS

- Intensity difference SAR images

Intensity difference SAR images are images in which changes in backscatter intensity between the single-polarized SAR images that were
observed in different periods have been visualized. They can be created RGB color synthesis processing of 2 single-polarized SAR images of
which conditions of observation are the same except for the observation period. In the intensity difference SAR image, an archived image
(image before the disaster) is assigned to R (red), and a newly observed image (image after the disaster) is assigned to G (green) and B

(blue). In the 2 periods, the location where the backscatter intensity decreased is expressed in red, and the location where the backscatter
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intensity increased is expressed in cyan, thereby making it possible to identify the locations of sediment disaster occurrence from changes

in image color.

- Survey of the locations where sediment movement occurred by using multiple artificial satellites simultaneously

In the observations using artificial satellites, invisible areas called layover or radar shadows occur due to the geometrical relationships be-
tween the direction of irradiation of electromagnetic waves from the satellite and the topography. Also, since ALOS-2 maintains a sun-syn-
chronous subrecurrent orbit with a revisit time of 14 days, observation is not always possible immediately in times of emergency. Therefore,
in this study, in the examples where sediment disasters occurred previously in a wide area, comparisons have been made on the following

2 items: using ALOS-2 individually and using multiple artificial satellites simultaneously.

1. Visible areas in the locations of sediment disaster occurrence
2. Differences in the appearance of the locations where sediment movement occurred
3. In this study, aside from ALOS-2, 3 artificial satellites were used: COSMO-SkyMed, TerraSAR-X, and RADARSAT-2. The details of the

artificial satellites used are shown in Table 1.

Satellite Country  Microwave frequency band  Resolwion* [m] Swath widths* [km] Rerurn days [days]
ALOS-2 Japan L-band 3 50 14
COSMO-SkyMed Italy X-band 3 40 16
TemaSAR-X Genmany X-band 3 30 11
RADARSAT-2 Canada C-band 5 125 24

* For all satellites, the resolution and the swath width depend on the observation mode, so typical values are listed in this table.
"Table 1. Details of the artificial satellites used"
The examples of sediment disasters taken as the target are the Northern Kyushu Torrential Rainfall in July 2017 (hereinafter called "Disaster
A" and the Torrential Rainfall in July 2018 (hereinafter called "Disaster B"), and the areas shown in Figure 1 where failures concentrated in

each of the disasters were used as the target of analysis. Although the detailed times of all collapse for both Disaster A and Disaster B are

not known, particularly heavy rains were observed during July 5, 2017, for Disaster A and from July 5 to July 7, 2018, for Disaster B.

Disaster A Disaster B

"Figure 1. Analysis area”

In the analysis of (1) Visible areas in the locations of sediment disaster occurrence, the transition in time series of the proportion of the
visible areas in the areas that are the target of analysis was compared between the two cases. In the analysis of (2) Differences in the ap-
pearance of the locations where sediment movement occurred, differences in appearance when using different satellites before and after
the disaster were compared. Note that when surveying sediment disasters, the incidence angle of electromagnetic waves onto the target
of the survey should be around 28 to 45°, and it is known that an incidence angle smaller than this range is not suitable for the survey of
sediment disasters. Therefore, in the analyses of (1), the case where observation was made under the conditions of observation in which the
incidence angle was less than around 28° was not used, and analyses were carried out by classifying the case where the incidence angle was

around 28 to 45° as incidence angle middle, and the case where the incidence angle was higher than that range as incidence angle high.
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RESULTS AND DISCUSSION

- Visible areas in the locations of sediment disaster occurrence

Table 2 shows the status of satellite observations after the disasters and Figure 2 shows changes in the proportion of the visible areas in
Disaster A and Disaster B in time series. In Figure 2, for ALOS-2 and all satellites, the case with only the incidence angle middle and the case
with either the incidence angle middle or high are shown. In Disaster A, the earliest observation was made by TerraSAR-X at 18:19 on July
6, and then observations were made by ALOS-2 at 23:23 on July 6 and at 12:52 on July 7. In Disaster B, the earliest observation was made
by ALOS-2 at 11:56 on July 8, and then observations were made by COSMO-SkyMed at 17:58 on July 9 and at 17:46 on July 11. However,
the earliest observation made by ALOS-2 was the case of an incidence angle high. From these figures, it can be seen that the proportion of

the visible areas increases faster in the case of using multiple satellites simultaneously than in the case of using ALOS-2 individually.

No. Observation time Satellites Incidence angle Incidence angle class
1 2017/7/6 18:19 TerraSAR-X 374 Middle
2 2017/7/6 23:23 ALOS-2 46 .4 High
3 2017/7/7 12:52 ALOS-2 29.1 Middle
4 2017/7/8 18:10 TerraSAR-X 30.5 Middle

Disaster A 5 2017/7/9 11:57 ALOS-2 52.1 High
] 2017/7/10 12:18 ALOS-2 324 Middle
7 2017/7/12 6:17 RADARSAT-1 35.2 Middle
8 2017/7/13 18:04  COSMO-SkyMed 30.6 Middle
9 2017/7/19 6:01 COSMO-SkyMed 30.6 Middle

10 2017/8/5 6:17 RADARSAT-2 35.2 Middle
1 2018/7/8 11:56 ALOS-2 48.0 High
2 2018/7/9 17:58 COSMO-SkyMed 320 Middle
3 2018/7/11 17:46  COSMO-SkyMed 463 High
4 2018/7/12 18:02 TerraSAR-X 284 Middle

Disaster B 5 2018/7/19 23:23 ALOS-2 40.6 Middle
6 2018/7/22 0:04 ALOS-2 324 Middle
7 2018/7/30 17:59 RADARSAT-2 352 Middle
8 2018/8/14 6:08 RADARSAT-2 41.2 Middle
9 2018/8/15 12:10 ALOS-2 324 Middle
10 2018/8/29 12:10 ALOS-2 354 Middle

"Table 2. Status of satellite observations after the disasters"
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"Figure 2. Time series variation of the proportion of the visible areas in Disaster A and Disaster B"

In Disaster B, observations by ALOS-2 under the conditions of incidence angle intermediate could be made after more than 10 days have
passed from the occurrence of the disaster. The reason for this is considered to be the fact that, in Disaster B, since sediment disasters and
flood damage occurred frequently in various parts of western Japan in a wide area, observations were also made in areas other than the area
used as the target of analysis. Based on this fact as well, it can be seen that when sediment disasters have occurred in a wide area, visible

ranges increase at an early stage, by utilizing multiple satellites.
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- Differences in the appearance of the locations where sediment movement occurred

Figure 3 show, in Disaster A and Disaster B, the intensity difference SAR image created by replacing the image of ALOS-2 that uses the
electromagnetic waves of the wavelength band of the L-band and the image of COSMO-SkyMed that uses the electromagnetic waves of the
wavelength band of the X-band with each other before and after the disaster, respectively. The appearance differs depending on whether
ALOS-2 or COSMO-SkyMed is used for the images before and after the disaster, respectively, and it appeared that the case of using COS-

MO-SkyMed after the disaster captured small changes in sediment movement more in detail.
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"Figure 3. Topographic map, optical image after the disaster, and the intensity difference SAR images in Disaster A and Disaster B "

Figure 4 shows an example in which the same ALOS-2 image was used as the image before the disaster, and the images of ALOS-2 and
COSMO-SkyMed were used as the image after the disaster. From this figure, it can be seen that thin and long failures as well as debris flow
and others can be detected better by using COSMO-SkyMed which uses electromagnetic waves of the wavelength band of the X-band after
the disaster. The reason for this is considered to be the fact that, since the X-band has a shorter wavelength than the L-band, the X-band has

a higher sensitivity to the changes on the ground surface.

Optical image after the disaster Before: ALOS-2 Before: ALOS-2
After: ALOS-2 After: COSMO-SkyMed
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"Figure 4. Optical image after the disaster, and the intensity difference SAR images at the thin and long failure as well as debris flow in Disaster A"
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These results have suggested the possibility that, when creating intensity difference SAR images, sediment movement such as thin and long
failures as well as debris flow can be found, by using the image of an artificial satellite that uses electromagnetic waves of the wavelength

band of the X-band as the image after the disaster.

However, at the present stage, only limited examples are available, and a more detailed examination will be required hereafter to find out

the images of which satellite should be used as the images before and after the disaster to give the optimum effects.

CONCLUSIONS
In this study, to shorten the time required for the survey of the locations where sediment movement occurred and enlarge the range of the
survey, a method for the survey of the locations where sediment movement occurred by using multiple artificial satellites simultaneously

has been examined. Consequently, the following have been found.

e The proportion of the visible areas increases more quickly in the case of using multiple satellites simultaneously than in the case of
using ALOS-2 individually.

e  When creating intensity difference SAR images, there is a possibility that sediment movement such as thin and long failures as well as
debris flow can be found by using the image of an artificial satellite that uses electromagnetic waves of the wavelength band of the

X-band as the image after the disaster.

The above results have suggested that to grasp the locations where sediment movement occurred at an early stage by using artificial satel-
lites, it is effective to survey by using multiple artificial satellites simultaneously. At the present stage, only limited examples are available,
and since the accuracy rate, etc. of detection of the locations where sediment movement occurred in the survey by using multiple artificial
satellites simultaneously are also unverified, examination based on the correct/incorrect determination, etc. of detection of the locations

where sediment movement occurred will also be required hereafter.
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