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A series of heavy rainfalls hit the western half of Japan
from June 28 to July 8, 2018. Increased river water
overflowed and destroyed river banks, causing flood-
ing over vast areas. In this study, two pre-event and
one co-event ALOS-2 PALSAR-2 images were used to
extract inundation areas in Kurashiki and Okayama
Cities, Okayama Prefecture, Japan. First, water re-
gions were extracted by threshold values from three-
temporal intensity images. The increased water re-
gions in July 2018 were obtained as inundation. Inun-
dated built-up areas were identified by the increase of
backscattering intensity. Differences between the pre-
and co-event coherence values were calculated. The
area with decreased coherence was extracted as a pos-
sible inundation area. The results of a field survey con-
ducted on July 16, 2018 were used to estimate the opti-
mal parameters for the extraction. Finally, the results
from the intensity and coherence images were verified
by making comparisons between a web-based ques-
tionnaire survey report and the visual interpretation
of aerial photographs.
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1. Introduction

Due to a stationary seasonal Baiu rain front and the
typhoon Prapiroon, (Typhoon Number 7) from June 28
to July 8, 2018, multiple rounds of heavy rainfall oc-
curred in Kyushu, Shikoku, and the western Honshu re-
gions of Japan (Fig. 1) [1]. Half of the Japanese territory
received heavy rainfall of more than 500 mm. The Japan
Meteorological Agency (JMA) issued emergency heavy
rain warnings in eleven prefectures, which was the high-
est level of warning issued since its implementation. In-
creased water levels in rivers caused overflows and bank
failures. By October 9, 2018, 2,512 landslides were re-
ported from 31 prefectures [2]. Due to these inundations
and landslides, 224 people were killed, 8 were missing,
6,695 buildings had collapsed or were severely damaged,

Fig. 1. Cumulative rainfall from June 28 0:00 to July 8
24:00 (JST), 2018 [1]. The eleven prefectures with issued
warnings are indicated on the map.

and approximately 30,000 were flooded.
Remote sensing is useful for determining broad-scale

damage situations. Synthetic aperture radar (SAR) sen-
sors are more powerful than optical sensors to extract
flooded areas after heavy rainfall events because SAR can
make day- and night-time observations, even under cloud-
cover conditions. According to the law of specular reflec-
tion, most incident radar energy impinging on mirror-like
smooth water surfaces, reflect in the opposite direction.
Water regions in a SAR image show low backscattering
intensity and as such, SAR images are effective for iden-
tifying inundations. Both pixel-based and object-based
methods have been proposed to extract inundated zones
from SAR images [3–9]. The flooded area could be ex-
tracted by thresholding methods using the gray-level his-
togram either manually or with automation [8–10]. How-
ever, the thresholding of the backscattering intensity was
difficult to apply for built-up areas containing layover and
radar shadow [11]. To overcome this problem, the im-
age differencing method and SAR simulation using Lidar
data were proposed [11–13]. Interferometric coherence
has been shown to be valid for identifying inundated ur-
ban areas [14–16]. However, its applicability is limited
by the strict requirement of temporal and spatial baselines
and the lack of archive data.
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Fig. 2. Coverage of the ALOS-2 images (black frame) and
the target area (red square). Purple line indicates the field
survey route on July 16, 2018. The red frame is the target
area including Kurashiki City and a part of Okayama City.

When comparing with L-band SAR images, X-and C-
band images with short wavelengths and higher resolu-
tions were used more widely in flood mapping. A follow-
up satellite of the ALOS program is ALOS-2, which was
launched on 24 May 2014. It carries the PALSAR-2
enhanced high-resolution L-band SAR sensor. Owing
to the right- and left-looking function of the PALSAR-
2 sensor, emergency observations are possible in a short
time period. PALSAR-2 images have been used to ex-
tract inundation areas from several flood events around
the world [6, 9, 11, 17, 18].

In this study, we attempted to identify inundated areas
in Kurashiki and Okayama Cities in the Okayama Prefec-
ture using pre-and co-event PALSAR-2 images. The inun-
dations were extracted using backscattering intensity and
coherence values. In addition, a field survey was carried
out to confirm the results from the PALSAR-2 images. Fi-
nally, the accuracy of the flood extraction was verified by
introducing a web-based questionnaire survey report and
other references. Instead of proposing a new method, we
applied the known methods to this new event to discuss
the optimal threshold values and their applicability.

2. Study Area and Field Survey

The study area was the Okayama Prefecture, one of
the areas worst affected by the heavy rain event. Eleven
out of 25 observation points of the Automated Meteo-
rological Data Acquisition System (AMeDAS) recorded
more than 400 mm cumulative precipitation from July 3
to July 8 [19] (Fig. 2). The maximum 24-hour cumula-
tive precipitation was 138.5 mm in Kurashiki City and
165.0 mm in Kita-ku, Okayama City.

A heavy rain warning was issued for Kurashiki City at
18:30 (JST) on July 5. The flood warnings for Takahashi
and Oda Rivers were issued sequentially between 20:00
and 22:20 on July 6, and an evacuation advisory was is-

(a)

(b)

Fig. 3. (a) Mosaicked aerial photo of Mabi town, Kurashiki
City (I), taken by GSI on July 9, 2018 [21]. Locations of
bank failures and overflows are marked by the cross sym-
bols. (b) Ground photos taken in the field survey on July 16,
2018, at the locations a–e in (a).

sued for the entire Mabi town at 22:00 on July 6. Early on
July 7, three overflows and eight bank failures occurred,
which caused a 12-km2 area of inundation in Mabi town.
The longest bank failure was on the left side of Oda River
and was approximately 200 m in length. Fifty-one people
were killed by the floodwater and 4,600 buildings were
inundated [20].

The heavy rain warning was issued for Okayama City
at 15:39 on July 5, and flood warnings for Sasagase and
Ashimori Rivers were issued at 15:30 on July 6. The flood
warning for Asahi River was issued at 23:35 on July 6.
A 120-m bank failure of Sunagawa River, a tributary of
the Asahi river system, was observed at approximately
5:30 on July 7. It flooded a 7.5-km2 area in Higashi-
ku. Furthermore, a 50-m bank failure of Asahi River
was confirmed on July 7, which caused inundation in Kit-
sukunigahara, Kita-ku. Due to these failures, more than
2,000 buildings were flooded in Okayama City.

We conducted a field survey in Okayama Prefecture on
July 16, 2018 (Fig. 2). We investigated the inundation
conditions in Mabi town, Kurashiki City (I) and Kume,
Kita-ku, Okayama City (II) in detail. Fig. 3(a) shows a
mosaicked aerial photograph taken over Mabi town by
the Geospatial Information Authority of Japan (GSI) on
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(a)

(b)

Fig. 4. (a) Mosaicked aerial photo of Kume, Kita-ku,
Okayama City (II), taken by GSI before the event [21].
(b) Ground photos from the field survey on July 16, 2018,
at the locations f–g in (a).

July 9, 2018 [21]. Although it was taken two days after
the flood event, extensive inundations could still be con-
firmed at the center of Mabi town from the aerial photo-
graph. Two bank failures and three overflows occurred in
Oda River whereas the other six bank failures occurred in
its tributaries.

At the inspection of Mabi town one week after the
event, most of the inundations had dried up. Five ground
photographs taken at the locations a to e are shown in
Fig. 3(b). The photograph a shows a supermarket, where
the inundation was over the ceiling of the ground floor.
However, it had re-opened when the site was visited. A
watermark remained on the wall, 3.9 m from ground level
and is indicated by a red line in the photograph. The pho-
tographs b and c show a factory building and a warehouse,
respectively. Watermarks can be observed on the wall and
both are higher than 4 m. The photograph d was taken at
one of the overflows. Water remained in inundated agri-
culture fields. Many sandbags for emergency restoration
of the bank can be seen in the ground photograph. The
location e is the junction of Oda River and its tributary
Takama River. Three bank failures occurred at this lo-
cation. The length of the collapsed bank of Oda River
was 200 m. The temporary banks of the Oda and Takama
rivers, which were built using concrete blocks and sand-
bags, can be seen in the panoramic photograph e.

There was little news regarding the flood situation in
Kume, Kita-ku in Okayama City. Thus, the GSI did not
take any aerial photographs of this area after the rain-
fall event. A pre-event aerial photograph is shown in
Fig. 4(a). Since many waterways cross the residential
blocks, this area was flooded due to the increase of wa-

Fig. 5. Color composite of the pre-and co-event PALSAR-2
sigma naught images.

ter in the Sasagase river system. Two ground photographs
taken at the locations f and g are shown in Fig. 4(b). The
location f is near the Sanyo Shinkansen railway. No ob-
vious watermark was observed during the field survey.
However, information from residents revealed that an in-
undation of approximately 50 cm above the road level
occurred during the rainfall event. The photograph g
shows a watermark remaining on a building wall, about
50 cm from ground level. Local people produced several
photographs taken during the flood where the water was
above the ground floor.

3. Image Data and Pre-Processing

ALOS-2 made an emergency observation in the de-
scending path at 00:05 on July 8, 2018, 24 hours after the
bank failures. The coverage of the ALOS-2 observation is
indicated in Fig. 2 by the black frame. In the same path,
two most recent archive data were taken on March 18,
2017 and on April 17, 2018. These images were acquired
in the StripMap-1 mode with a 3-m spatial resolution by
HH polarization. The original images were Single Look
Complex (SLC) data in processing Level 1.1. After regis-
tration and multi-look (2 looks in each direction) process-
ing, the amplitude images were geocoded by a 5 m digital
elevation model of GSI [22] with a spacing of 2.5 m/pixel.
The backscattering intensities (sigma naught values σ0)
were obtained after radiometric calibration [23]. The pre-
processing steps were carried out using ENVI SARscape
software. To retain the resolution, a speckle filter was not
applied.

The color composite of the two pre-event and one co-
event images after the pre-processing is shown in Fig. 5.
Since the two pre-event images were taken in the same
season, the backscatter values in these images were simi-
lar, showing cyan color in the color composite. Thus, the
cyan areas in Fig. 5 represent the decrease of backscatter
in the co-event image.

A 10-m land-cover map was introduced to assist with
the interpretation of the land-cover situation of the tar-
get area. The land-cover map was produced using multi-
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Fig. 6. Land-cover map produced by JAXA from multi-
temporal AVNIR-2 optical satellite data [24, 25].

temporal ALOS AVNIR-2 data [24] and published digi-
tally by JAXA [25]. The land covers were classified into
10 classes: water, urban, rice paddy, crop, grass, decidu-
ous broad-leaved forest (DBF), deciduous needle-leaved
forest (DNF), evergreen broad-leaved forest (EBF), ever-
green needle-leaved forest (ENF), and bare land (Fig. 6).

In addition to the two areas visited in the field survey (I
and II), three other areas are indicated by yellow squares
(Fig. 5). Area III is Nakasho, Kurashiki City, and is pri-
marily urbanized land. Due to the flood of Rokken River,
one of the tributaries of Kurashiki River inundated sev-
eral roads in the Nakasho area. However, the decrease of
backscattering was only seen in the rice paddy field. The
area IV in Fig. 6 denotes agriculture lands in Minami-ku,
Okayama City, which shows cyan color widely in Fig. 5.
The area V is Hirajima, Higashi-ku in Okayama City. A
bank failure in Sunagawa River caused the second largest
inundation in Okayama Prefecture in this area. The de-
crease of backscatter can be observed from the rice paddy
fields in Fig. 5, but there were no significant changes in
the built-up area.

4. Extraction of Inundation Using Backscatter-
ing Intensity

Thresholding is a common and effective pixel-based
approach to extract water bodies from SAR intensity im-
ages [8–10]. The backscattering of a water surface de-
pends on many factors such as acquisition conditions of
SAR images and their environments, and therefore its
value is highly variable. In the previous study [9], a com-
parison of the threshold values obtained by the optimal
solution and by the statistical features (mean and standard
deviation) was carried out using water and non-water ref-
erences. As a result, the combinations using the mean
(μ) and standard deviation (σ ) values (μ +2σ ) of the wa-
ter references were close to the optimal threshold values.
Thus, the same method was applied in this study.

Seven water references over a total area of 5.5 km2

were selected from the SAR intensity images. Their lo-
cations are indicated in Fig. 5 by blue polygons. Three

Fig. 7. Color composite of water regions extracted by the
threshold of backscattering intensity for each image.

of these are reservoirs in Kurashiki City, and others are
parts of Takahashi River and Kojima Lake. The thresh-
old values were calculated using the mean value plus two
standard deviations, μ+2σ , of the water references. Since
the three images were taken in the same acquisition condi-
tion, the obtained threshold values of μ+2σ were similar;
−12.8 dB on March 18, 2017, −12.3 dB on April 17 and
−12.0 dB on July 8, 2018, respectively.

From the PALSAR-2 image on March 18, 2017, a total
area of 276 m2 was extracted as water. In the land-cover
map, a total water surface of 236 m2 exists in the target
area, and 78% (producer accuracy) was extracted success-
fully. The precision (user accuracy) was 92%, and the F1
score of the water extraction was 0.84. The F1 score is a
harmonic average of the precision (user accuracy) and re-
call (producer accuracy), where it reaches its best value at
1 and worst value at 0 [26]. In the extracted area, the rice
paddy fields occupied a total area of 12%. In March, the
dry rice paddies were as smooth as bare land. Due to the
long wavelength of L-band, those areas were incorrectly
extracted as water regions. From the PALSAR-2 image
on April 17, 2018, a 236-m2 area was extracted as water,
corresponding to the 91% water in the land-cover map.
The precision was also 91%. The F1 score of the water
extraction was 0.91. Only 3% of the extracted area was
rice paddy fields. The decrease in the extracted rice paddy
was due to the rough surface after tillage work occurred in
April. According to these comparisons, the threshold val-
ues obtained from the mean and standard deviation val-
ues of the water references were verified as valid. Using
the threshold value of −12.0 dB, a total area of 382 km2

was then extracted as water from the PALSAR-2 image
on July 8, 2018. The rice paddies occupied 32%. Accord-
ing to Ouchi et al. [27], the backscatter intensity of rice
paddies is very low in this season. Thus, the no-flood rice
paddies would also be extracted by the proposed thresh-
olding method.

The color composite of the extracted water regions is
shown in Fig. 7. The existing water regions in the land-
cover map were masked in the result. When comparing
to the land-cover map, aside from the additional water re-
gions shown in blue colors, the water regions extracted
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(a)( )

(b) (c)

Fig. 8. (a) Additional water regions in the co-event image
after removing the pre-event water surfaces. Colors indicate
land covers by JAXA, with (b)–(c) close-up of the areas I
and II.

on March 18, 2017 (magenta colors) are primarily rice
paddies. We masked the pre-event water regions from the
co-event regions to detect additional water regions. The
non-water area was less than 0.01 km2 and if surrounded
by water were re-classified into water regions. The water
region smaller than 0.01 km2 was removed from the water
class as noise. Finally, a total area of 106 km2 was ex-
tracted as inundation, which consisted of 83% rice paddy
fields, 7% urban areas and 4% bare lands (Fig. 8(a)).

The enlarged areas I and II are shown in Figs. 8(b)
and (c). Vast inundation was extracted in Mabi town,
Kurashiki City (I). However, the location a was ex-
cluded from the result. The buildings of the supermar-
ket are higher than the flood water level, and therefore
the double-bounce between the left wall and the water
surface showed strong backscatter [7, 12, 13, 18]. When
a building has been completely inundated, its reflection
decreases as water surface. However, the backscatter in-
creases when a building is partially inundated. Thus, the
partially inundated built-up area could not be extracted
by the proposed method. The same problem occurred in
area II. The locations f and g were out of the extracted
inundation (Fig. 8(c)).

To detect the flooded urban area, the backscatter inten-
sity difference between the PALSAR-2 images on April
17 and July 8, 2018 was calculated. The built-up area with
increased backscatter intensity was identified as inunda-
tion [7, 9]. A histogram of the difference Δσ0 (co-event–
pre-event) in the entire target area is shown in Fig. 9(a).
Three threshold values were investigated using the com-
binations of the mean (μΔσ0 ) and the standard deviation

(a)

(b)

Fig. 9. (a) Histogram of the difference of the sigma naught
values of the SAR images on April 17 and July 8, 2018.
(b) Comparison of the extracted built-up areas using the dif-
ferent combinations of the mean and standard deviation val-
ues of Δσ0.

(σΔσ0). The mean value of the whole target area was
−0.6 dB with the standard deviation 2.3 dB. In the pre-
vious study [9], the threshold was set as μΔσ0 + 2.0σΔσ0

for the extraction. However, this threshold was strict for
this event. The comparison of results using the different
threshold values in the area II is shown in Fig. 9(b). When
the threshold value was set as 2.88 dB (μΔσ0 + 1.5σΔσ0),
the extracted regions were shown in white (Fig. 9(b)).
The locations f and g were still excluded from the ex-
traction. When the threshold value was set as 0.56 dB
(μΔσ0 +0.5σΔσ0), the locations f and g could be extracted,
but the result included a lot of noise (red regions). Since
the threshold value of 1.72 dB (μΔσ0 +1.0σΔσ0) could es-
timate the inundation at the locations f and g with less
noise, this value was adopted to estimate the flooded ur-
ban area (yellow regions). The difference between the
best optimal threshold values for the different events may
be caused by different inundation depths. The inundation
was deeper than 80 cm in the previous event, whereas it
was approximately 50 cm in area II of this event.

The inundation map was modified by adding the
flooded urban areas (Fig. 10). The inundated built-up pix-
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Fig. 10. Modified result by adding the inundated urban areas
extracted by the increase of the backscatter intensity.

Fig. 11. Color composite of the pre- and co-event coherence
values of the three temporal PALSAR-2 data.

els in the area V that could not be detected in the previous
step were included in the new result. The extracted in-
undation area increased to 108 km2, including 81% rice
paddy fields, 9% urban land-covers and 4% bare lands.
However, the inundated urban area in Mabi town (I) re-
mained unable to be estimated. Although the multiple re-
flections from buildings and water surfaces still occurred
in Mabi town, deep inundation reduced the backscattering
intensity. Thus, it is difficult to extract flooded areas using
increased backscatter.

5. Extraction of Inundation Using Interfero-
metric Coherence

The pre- and co-event coherences were calculated from
the three temporal PALSAR-2 complex data. The image
on April 17, 2018 was set as the master, and the other two
images were set as slaves. The color composite of the pre-
and co-event coherences is shown in Fig. 11. Similar to
the colors in Fig. 5, the cyan areas represent the decrease
of coherence after the flood event.

The coherence in an urban area was high and stable, as
indicated in white in Fig. 11. As the temporal baseline of
the co-event coherence (4 months) was shorter than that
of the pre-event pair (one year), the co-event coherence

(a)

(b)

Fig. 12. (a) Histograms of the pre- and co-event coherences;
(b) histogram of the difference between the pre- and co-event
coherences.

values in vegetated areas (grass and forest) were mostly
higher than the pre-event values and thus are seen in red
(Fig. 11). Due to the different roughness of rice paddy
fields in March (smooth), April (a little rough) and July
(smooth), the pre- and co-event coherences were both low.
In area I of Mabi town, a decrease in coherence can be
observed widely, as in Fig. 11. The built-up areas II, III
and V display more cyan-colored areas colors in Fig. 11,
which indicates possible flooding.

The area IV shows low values in both the pre- and co-
event coherences. Since no significant decrease of coher-
ence can be seen in this area, and the roads between agri-
culture fields show high coherence values, the possibility
of flooding in this area is low. The decreasing backscat-
tering intensity shown in Fig. 5 is considered to be caused
by irrigation of the rice paddy fields after the acquisition
of the image dating April 17, 2018.

The histograms of the pre- and co-event coherences
are shown in Fig. 12. The decreased portion in the co-
event coherence was considered to be inundation. The dif-
ferences Δγ were calculated by subtracting the pre-event
value from the co-event value. The mean of difference
(μΔγ ) in the entire study area was 0.04, and the standard
deviation (σΔγ ) was 0.16. When the threshold value was
set as −0.20, meaning μΔγ −1.5σΔγ , the extracted regions
are displayed in white (Fig. 13). The location d in area I,
which was flooded due to the overflows, and the location
g in the area II could not be detected. When the thresh-
old value was set as −0.04, meaning μΔγ − 0.5σΔγ , both
the locations d and g could be detected, but the result in-
cluded a large amount of noise, displayed in red (Fig. 13).
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Fig. 13. Comparison of the extracted inundation using the
different combinations of the mean and standard deviation
values of Δγ.

Fig. 14. Extracted inundation areas using the difference of
the preand co-event coherence values.

Thus, the threshold value −0.12, which corresponds to
μΔγ − 1.0σΔγ , was adopted for the extraction, where the
locations d and g could be detected with less noise.

The areas with a coherence difference lower than−0.12
were extracted as inundation. The hole-filling and noise-
reducing processes were also applied to the areas smaller
than 0.01 km2. A total area of 19 km2 was extracted as
inundation, including 40% rice paddy fields, 35% urban
land-covers and 11% water. The land covers of the inun-
dation areas are shown in Fig. 14 and primarily consisted
of urban land use and some rice paddy fields. The ex-
tracted water land covers were the locations of bridges
over Takahashi River. Due to an increased water level in
Takahashi River, the pattern of the multiple reflections be-
tween the bridges and the water changed, which decreased
coherence. Wide inundations were detected in areas I, II,
and V, whereas little inundation was extracted in areas III
and IV. Compared with the results shown in Fig. 10, the
extracted urban area increased, and the rice paddy fields
decreased significantly.

6. Verification of The Extraction Results

Our results extracted from the backscattering intensity
and coherence were verified by comparing them with a
map of the maximum inundation depth (Fig. 15). The
inundation map was created according to an emergency
questionnaire survey by Weathernews Inc. [28] on July 7,
2018. The inundation depths were classified into 4 lev-
els: above waist (purple), above knee (red), above ankle
(yellow) and a large puddle (blue). The extracted inun-
dations matched the locations of the purple (above waist)
and red (above knee) points. The results of matching the
inundation locations reported by the emergency question-
naire survey to the extracted inundations are shown in Ta-
ble 1. Due to the low location accuracy of the inundation
points, if they were located within 100 m of the extracted
inundation results, they were counted as matched points.
Thirty-one percent of the purple and red (above waist and
knee) points were included in the inundation that was ex-
tracted using the intensity images, whereas 29% were in-
cluded in the results using the coherence images. Omis-
sion errors were derived from the difference between the
SAR image acquisition time and the time of maximum
water level. The commission errors (the yellow and green
points within the extracted inundations) comprised 75%
of the result using the intensity images and 44% using the
coherence images. The results of the emergency ques-
tionnaire survey were biased, depending upon the degree
of damage. For example, people in the severely damaged
areas did not answer the survey, with only one point re-
ported in Mabi town (I) and two points reported in the
inundated Higashi-ku (V). Furthermore, coordinates of
the inundation points were assigned automatically when
participants answered the survey, and because the respon-
dents would not answer the survey when they were in an
inundation situation above knee or waist, their points were
not matched to their real locations. This is one possible
reason for the omission errors.

Zoomed in images of areas I and II are shown in
Fig. 16. In area I (Mabi town), only one person reported
an above-waist inundation depth. The central part of Mabi
town was severely flooded from early July 7 and therefore
the residents were forced to evacuate and could not an-
swer the survey. The one reported point falls in the area
extracted from the coherence difference. In area II, one
point of the water depth higher than waist and eight points
higher than knee were reported. The eight points higher
than knee are located on or close to our extracted inun-
dations from both the intensity and the coherence images.
Furthermore, eight points higher than ankle overlapped
on either the intensity or the coherence results. However,
the inundated points in area III could not be extracted by
our results. There was little change in this area in both
the intensity and coherence images. When limited by a
lack of information, it is difficult to determine the rea-
son. In area IV, no inundation was reported by the survey,
which matched the result obtained from the coherence dif-
ference. In area V, one point was reported as a water depth
of higher than knee (red point), while considerable inun-
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Fig. 15. Comparison of the extracted inundation using the intensity and coherence images, with an inundation map of emergency
questionnaire survey by Weathernews Inc. [28]. The result from the intensity images is shown by the blue polygons and from the
coherence images by the yellow polygons. The inundation depths reported by the questionnaire survey are indicated by points.

Table 1. Comparison of the inundated locations extracted from the PALSAR-2 images and reported by Weathernews Inc. [27].

Weathernews Inc.
Total

Above waist Above knee Above ankle Puddles
Extracted Intensity images 1 15 32 17 65

inundations Coherence images 2 13 11 1 27
Total 10 41 87 41 222

dation was extracted by the coherence difference.
According to the comparisons, our method appears to

be effective in detecting an inundation of higher than
50 cm. Extraction using the coherence difference showed
higher accuracy than when using the backscattering in-
tensity. The backscatter intensity of agricultural fields
was significantly influenced by seasons. Many rice paddy
fields were extracted incorrectly in this study. Additional
information is necessary to remove these errors. Although
the intensity difference could extract parts of the inun-
dated urban areas, its sensitivity was less than the coher-
ence difference.

The Geospatial Information Authority of Japan (GSI)
published daily inundation maps from July 7 to 11,
2018 [29]. The inundation on July 7 was estimated ac-
cording to the DEM by adding several flooding points
confirmed from videos, with a total area of 8.8 km2. The
outline of the inundation boundary on July 7 is shown in
Fig. 16(a). When comparing this with the GSI’s result,
54% of the inundation in this area could be detected from
the PALSAR-2 intensity images. The precision was 63%,
and the F1 score was 0.58. Using the coherence differ-

ence, 72% of the inundated area could be extracted. The
precision was 85%, and the F1 score was 0.78. The ac-
curacies of the extraction using the coherence difference
were higher than when using the backscattering intensity.
The combination of the two results was considered.

7. Conclusions

In this study, the inundation areas in Kurashiki and
Okayama Cities, Okayama Prefecture, Japan, resulting
from the July 2018 western Japan torrential rain were
extracted using two pre-event and one co-event ALOS-2
PALSAR-2 image. The water regions in the three tempo-
ral SAR intensity images were extracted by the respective
threshold value of the backscattering intensity. The ad-
ditional water regions on July 8, 2018 were obtained by
removing the water regions in the pre-event images. 83%
of the extracted area was comprised of rice paddy fields.
The inundated urban area was extracted by the threshold
value of the intensity difference between the SAR images
on April 17 and July 8, 2018. As a result, 108 km2 of
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(b)

Fig. 16. (a) Zoomed in image of area I in Mabi town,
Kurashiki City, with an inundation outline produced by
GSI [29]. (b) Zoomed in image of area II in Kume, Kita-
ku, Okayama City.

inundation were detected from the 1500-km2 target area.
The difference between the pre-event and co-event co-

herence values was then calculated. By thresholding the
difference using a combination of the mean and standard
deviation, a total area of 19 km2 of inundation was ex-
tracted. Although the extracted areas were less than those
extracted from the intensity images, the inundation in both
the urban land use and the rice paddies were extracted suc-
cessfully.

A field survey of Mabi town, Kirashiki City and Kume,
Kita-ku, Okayama City was carried out on July 16, 2018.
The flooded locations found by observation and residents’
interviews were used as references to determine the opti-
mal threshold values for flood extraction. A map of the
maximum inundation depth reported by a questionnaire
survey of Weathernews Inc. was used to verify our results.
The extracted inundation from both the intensity and the
coherence images showed good agreement with the map
of the water depth higher than knee. However, the extrac-
tion using coherence was better than that using intensity.

Verification was also conducted by a comparison with the
visual interpretation map by GSI for Mabi town. The two
results from the coherence images showed the better F-
score value as 0.78. In the future, inundation depth will
be estimated by applying our results to a high-resolution
DEM.
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