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Abstract. Flood disasters seriously threaten the survival and development of human beings. Monitoring the changes of water
bodies during floods and estimating the affected area is essential for comprehensive and accurate analysis of disaster information.
Recently, radar satellite data has been increasingly used for flood monitoring, since in this case, cloudiness is not an obstacle to
estimating the flood area. In this paper Sentinel-1 ground range detected (GRD) data was selected to estimate the inundated area
after the Xe-Pian Xe-Namnoy Dam breach in Laos at the end of July 2018. The flooded Hinlat area and the Xe-Pian Xe-Namnoy
reservoir were selected as the study area for flood inundation extent monitoring, because this area is characterized by bare land,
agricultural land, and residential land with complex topography and geomorphology. The study area is located in the Bolaven
Plateau, is a highland region in southern Laos. One of the reasons for the flooding of the study area is an elevation difference
between upper reaches and downstream of the river. Several reaches with a convex profile and knickpoints because of the geo-
logic control when draining the plateau represent the undeveloped longitudinal profile of the Vang Ngao River. The main chan-
nel of the Vang Ngao River is dug into Mesozoic fluvial sandstones, which resist scouring by the flood. The eCognition software
is used to organize the process of extracting information about the flood zone. The object-oriented approach and the threshold
method are combined to extract information about the reservoir. First, SNAP software is used to pre-process Sentinel-1A SAR
images. Then, the eCognition multi-scale segmentation method is used to determine the best segmentation scale, for iterative
testing and comparative analysis of experimental results, taking into account the characteristics of the object and a priori
knowledge. After sensitivity analysis of the flooded area image features and other features, the VH-polarized backscattered mean
features were selected to construct a knowledge base for flooded area extraction to differentiate water and non-water bodies. At
the same time, the modified bare soil index (MBI) and the terrain relief were combined to remove the influence of bare land and
mountain shadow on the extraction results to achieve the 2018 dam collapse flood monitoring in Laos. Finally, the extent and
area of the affected region were analyzed and the changes of water bodies before and after the disaster were mapped. The study
shows that the monitoring results of Sentinel-1A SAR data are more consistent with the actual situation and have significant ad-
vantages in flood hazard monitoring and assessment, which can effectively carry out large-scale flood inundation extent monitor-
ing.
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TPUPOTHOTO SBICHUS W B JaTbHEHIIEM INPeIyNpequTh €ro, BO3HHKAET IOTPEOHOCTh B MOHHTOPUHIE JUHAMHKH BOJOEMOB B
HEPHOJ, HABOAHEHUI M OLEHKE PUCKA YA3BUMBIX TeppuTopuil. B Hacrosiiee BpeMs A1 MOHUTOPUHIA HABOJHEHUM 4acTo
UCIIONB3YKOTCA PAaJUOIOKALIMOHHBIE CIYTHUKOBBIE JAaHHBIE, IIOCKOJIbKY OHM IO3BOISIOT TOYHO OLEHUTh ILIOMIAAH
3aTAIUTIBAEMBIX YJaCTKOB, HECMOTPS Ha HAIMYHE OOJaYHOCTU B atMocdepe. [l OIEHKH IUTONaH 3aTOINICHNS TEPPUTOPHIA B
pesynprate mpopbiBa gamObl Xe-Pian Xe-Namnoy (Jlaoc) B konme wuronst 2018 1. ObUIM HCHONB30BaHBI JIAHHBIE,
CIPOELIUPOBAHHBIE HA HA3€MHYIO JAlbHOCTh C MCIONB30BAHUEM MOJENU 3€MHOrO J3iuuncouna. B kauectBe pailoHa
HCCIIeIOBaHUH BEIOpaH HACEICHHBIH ITyHKT XMHIAT U Bogoxpanmmme Xe-Pian Xe-Namnoy, KoTopble pacronaraioTcs Ha IaTo
BonoBer B roxHOH wactm Jlaoca W XapaKTepH3YIOTCS CIOXKHOM TeOMOP(OIOTHMUECKONl CTPYKTYypOH, HaIMIHeM
CEIbCKOXO3AMCTBEHHBIX YTOOUH U JKUIIOU 3aCTpOMKU. B rusponornyeckoM OTHOLIEHUH pailoH UCIIBITHIBAET BIUSHUE pekd Banr
Hrao ¢ HeBEIpaOOTaHHEIM IIPOIOIBHEIM MPO(IIIEM pycia, KOTOPOE Bpe3aHo B ME3030HCKIE IIeCYaHUKH, YCTONUIMBEIEC K PA3MBIBY.
Iepenan BBICOT MEKAY BEPXHUM U HIDKHUM TEYEHUEM PEKU SIBIISIETCSA OJHON U3 IIPUYUH 3aTOILUIEHUS HCCIIElyeMOR TEpPUTOPUN.
YTtoOBI OpraHN30BaTh MPOLECC MONYIEHHs JAHHEIX O 3aTOINICHHUH CO CIIYTHHKOBBIX CHUMKOB, OBUTH BEIOpaHBI cHUMKH SAR Sen-
tinel-1A u ucnons3oBaHO mporpamMMmHoe obecredenne eCognition, 00bEKTHO-OPUEHTHPOBAHHBII MOAXOJ M ITOPOTOBBIA METON
00paboTku n3o6paxenuii. [IpensapurensHas 06pabOTKa CHIMKOB BBIIOTHEHA PH oMoy mporpamMMel SNAP, mocite gero 0511
TIPUMEHEH METOJ{ MHOTOMACIITa0HOH CerMeHTaly H300paskeHNi C IIEeNbI0 MPOBECTH UTEPATHBHOS TECTHPOBAHHE U CPAaBHHUTH
XapaKTepHCTHKN 3aTOIUICHHBIX Teppuropuii. Hapsmy ¢ cermeHrammedf OBIT ydTeH W3MECHEHHBIH HHIEKC YYacTKOB 0e3
pacturensHOcTH (MBI) B couerannn ¢ xapakTepiCTHKaMHU pebeda, 9ToOb! HCKIIOYHUTh BIMSHIE MOBEPXHOCTH 3TUX yJaCTKOB U
TeHeH penbeda Ha pe3yIbTaThl M3BICUCHNS. B pe3ynbraTte CpaBHHUTEIBHOIO aHAIN3a BEIOPAHBI yCPEIHEHHBIE XapaKTEPHCTUKH
VH-nonspu3oBaHHOTO 0OPaTHOTO PACCESIHHS JUTS BBIIEICHHS 3aTOINICHHBIX 30H C BO3MOXXHOCTBIO OTJIIMYUTH BOJHBIE OOBEKTHI
OT JpyrWX, HEBONHBIX. Jlamee OBLI IpPOBEJCH aHAIN3 IUIOMIAJM 3aTOIUICHHS H3y4aeMOro paloHa ¢ IOCIERyIOIIIM
MOJIEITHPOBAaHHEM JIMHAMHKHI BOJHBIX 00BEKTOB [0 M MOCIE CTUXUHHOro OefcTBUs. TakiuM 00pa3oM, pe3yabTaThl HCCICOBAHS
mokasand, 4to maHHsle SAR Sentinel-1A cOOTBETCTBYIOT peaslbHOM CHTYallMM M OONaJalOT HMPEUMYIIECTBAMH IIPH PEIICHUH

3a7a4 MOHHTOPHMHTA HABOJHEHUH 1 OIEHKH IUIOI[AIH X PACIIPOCTPAHEHHS.
Kntouegvie cnosa: oucmanyuonnoe sonouposanue 3emau, Sentinel-14A SAR, o6vexmmno-opuenmuposanuviii n00X00, Memoo
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Introduction

Flood disaster is one of the most destructive sudden
disasters globally and has a short duration and great
danger. Flood disasters affect a wide area and cause se-
vere losses, posing a significant threat to the safety of
people's lives and property and the economic develop-
ment of the affected areas [Domeneghetti, Schumann,
Tarpanelli, 2019]. The inundation of large areas caused
by flash floods is dynamic, and real-time monitoring of
flooded areas is necessary. Based on 3S technologies of
remote sensing (RS), geographic information system
(GIS) technology, global satellite navigation (GPS)
technology, and their cooperation, we can achieve fast
and accurate extraction of inundation area, visualize its
spatial distribution, dynamic change and development
pattern, and provide a reference for flood disaster moni-
toring and assessment work. Since the end of the 20th
century, the development and application of remote
sensing technology have provided a new alternative.
NOAA [Jain et al., 2006], MODIS [Sakamoto et al.,
2007], Aster [Khromykh, Khromykh, 2016, 2018],
Landsat MSS [Sharitz, 1986], Landsat TM [McFeeters,
1996], Landsat 8 [Nandi, Srivastava, Shah, 2017] and
other optical remote sensing images are used to monitor

the floodplain landscapes and extract the area of flood-
ing occurrence. However, when flooding occurs, the
disaster area often lasts for a long time with cloudy
weather and covers many clouds. The temporal resolu-
tion and spatial resolution of optical remote sensing im-
ages are mutually constrained. Due to the wavelength
characteristics of the used bands, they are easily affected
by clouds and weather, which makes the monitoring
results inaccurate, time-sensitive, and challenging to
reflect the actual situation of the disaster area.

Synthetic aperture radar (SAR) selected waveband
has the advantages of all-weather, all-day working capa-
bility and vast area coverage and observation. It is not
affected by clouds, rain, and fog, especially suitable for
flood inundation range monitoring [Schlaffer et al.,
2015]. Furthermore, on the SAR image, the specular
reflection of the water body appears as a dark tone on
the image and the information of the water body is ele-
mentary to be identified [Tang et al., 2018]. Therefore,
SAR can be an essential complement to optical remote
sensing satellite monitoring on cloudy days. With the
continuous development of SAR technology, radar re-
mote sensing data in natural disaster monitoring has
been dramatically developed. Wood et al. [2018] used
the latest SAR image data to achieve higher accuracy
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flood monitoring. Hess et al. [1995] experimentally
demonstrated that SAR data could effectively identify
information about water bodies mixed with vegetation
and other disturbing features. Kiage and Walker [2005]
demonstrated that Radarsat-1ScanSAR data is well suit-
ed for water body monitoring. Moreover, Ramsey et al.
[2011] demonstrated the difference in the reflection of
water body information by SAR image data with differ-
ent polarization types. Numerous scholars have made
many efforts to make these data sources widely used and
have contributed significantly to the development of
SAR imagery for regional flood monitoring. ESA's Co-
pernicus satellite Sentinel-1A can provide high-
resolution SAR images for timely, continuous, and inde-
pendent emergency response to natural disasters, provid-
ing essential data support for flood monitoring and as-
sessment of inundation extent during floods.

In this paper, we select Sentinel-1 ground range de-
tected (GRD) data of the inundated area after the Xe-
Pian Xe-Namnoy Dam breach in Laos in late July 2018.
We use an object-oriented approach to create a process,
which provides an extraction of inundation extent. The
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process gives quickly obtaining the inundation area and
range before and after the occurrence of floods.

The study results lay the foundation for the opera-
tional extension of flood monitoring and assessment and
provide a reference for the extending of this data in oth-
er application areas in the future.

Study area and data

Overview of the disaster area. On the night of July
23, 2018, a severe dam failure occurred at the Xe-Pian
Xe-Namnoy reservoir's secondary dam D in the prov-
ince of Azusa, Laos, releasing 500 million cubic meters
of floodwater. The severe flooding submerged villages
and the downstream, killing 98 people, leaving hundreds
missing, and leaving more than 6,600 villagers homeless
[Cheng, Zhao, Yin, 2019].

The flooded Hinlat area and the Xe-Pian Xe-Namnoy
reservoir were selected as the study area for flood inunda-
tion extent monitoring, because this area is characterized
by bare land, agricultural land, and residential land with
complex topography and geomorphology (Fig. 1).
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Fig. 1. Study area in the southwest of the Bolaven Plateau, Laos

Puc. 1. Paiion uccienoBanus Ha 0ro-3amajae miato boaosen, Jlaoc

The study area is located in the Bolaven Plateau, is a
highland region in southern Laos. The plateau is framed by
the Annamite Mountain Range to the south and east, and
by the Mekong River valley to the north and west. The
areal extent of the Bolaven Plateau is approximately
6,000 km® [Delang, Toro, 2011]. The gradient between the
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plateau and the surrounding landscape makes it an easily
distinguishable topographic feature. The plateau is charac-
terized by a relatively flat surface ranging from 1,000 to
1,350 m above sea level (ASL) [Latrubesse et al., 2020].
An orographic structure of the Bolaven is volcanic
plateau. The basement of the plateau consists of the Tri-
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assic-Cretaceous clastic sedimentary strata. Mesozoic
quartz sandstones and fluvial/lacustrine mudstones un-
derlie this elevated surface and crop out almost continu-
ously around its cliffy perimeter. The nearly vertical
pitches at the top of this perimeter cliff and from out-
crops on the plateau indicate the uppermost 200-250 m
of the Mesozoic bedrock comprise massive to cross-
bedded fluvial sandstones. Gentler slopes below point to
friable mudstones dominate the underlying 250 m [Sieh
et al., 2020].

The surface is covered by quaternary basaltic lavas
that have erupted through thick flat-lying Mesozoic
rocks. The spillover and eruption of these basalts began
in the Late Pleistocene, ended in the Early Pleistocene.
Thickness of the volcanic field ranges from about 350 m
at its peak to a few meters on its perimeters [Ouyang et
al., 2019]. There are volcanic landforms on the plateau
surface — scoria cones, which accounts to nearly
100 visible ones. In the present, the volcanic field is still
active, as evidenced by the age of basaltic flows, which
many are 100,000 years [Latrubesse et al., 2020].

The interior of the plateau is quasi-plain with the low
mountain, hill, residual hill and hillock. It has a lower
height difference and a smaller slope compared to its
framing as cliffs and canyon landforms. [Ouyang et al.,
2019]. Surrounding areas of Bolaven plateau presented
as flat lands approximately 200-500 m ASL. In some
cases, the terrain rises gradually or abruptly to a relative-
ly flat surface, ranging in most areas about 800—1,400 m
ASL. The highest peak of the Bolaven is located in its
northeast and is about 1,704 m ASL. Notably, the plat-
eau’s morphology is the slight drop in elevation, which
follows parts of the Xe Katam, Xe Namnoy and Xe Pian
rivers, and divides Bolaven into two separate tablelands
[Delang, Toro, 2011].

Climatic conditions of the study area belong to the
typical tropical monsoon climate, with the wet season
from May to October and a dry season from November
to April. The coldest month of the year is January, with
an average air minimum temperature 19 °C and maxi-
mum 30 °C. The hottest month is April, with an average
low of 25 °C and high of 35 °C (Attapu province). The
average wind speed is approximately 0.2-0.9 m/s.
[https://weatherspark.com]. Heavy frequent rainstorms
are concentrated, intense and widespread. Annual pre-
cipitation averages approximately 3,800 mm [Latrubesse
et al., 2020]. According to meteorological data from the
Global Precipitation Measurement (GPM) dataset, a
substantial rainfall of 438 mm was recorded on July 22,
2018, with continuous rainfall weather and under the
continuous influence of El Nifio stream.

The hydrology of the region is presented by a rela-
tively developed surface water system. The Bolaven
Plateau is located in the Lower Mekong River basin.

The surface is drained by left-bank tributaries of the
Mekong as the Xe-Don, the Vang Ngao and the Xe-
Khong Rivers. The tributaries are highly seasonal, with
spikes of high flow rising from a low stage immediately
following rainfall. The left-bank tributaries, drained to
the high-rainfall areas of Laos, contribute to the major
wet-season flows. Thus, the flow contributions for main-
stream from the Mekong left bank (Pakse-Stung Treng
river reach) is about 23 % [Campbell, 2009].

The plateau’s rivers are under the influence of a dif-
ferential erosion process, ongoing through the lava flows
of diverse ages and thickness, and through the underly-
ing Mesozoic sedimentary rocks. The rivers are incised,
confined, and present knickpoints along the longitudinal
profile, with rapids and waterfalls [Latrubesse et al.,
20201].

One of the reasons for the flooding of the study area
is an elevation difference between upper reaches and
downstream of the river (Fig. 2).

The undeveloped longitudinal profile of the Vang
Ngao River is represented by several reaches with a
convex profile and knickpoints because of the geologic
control when draining the plateau. The main channel of
the Vang Ngao River is dug into Mesozoic fluvial sand-
stones, which resist scouring by the flood. Imagine a
drainpipe made of metal material perpendicular to the
surface. Rainwater comes there from above, and this
flow is concentrated in the pipe, like a river in the rock-
controlled channel. When the flow in the pipe reaches its
end, the water spills over the ground.

Thus, the peculiar relief and high gradient of the riv-
erbed in some sites (from 0.0107 to 0.0208) had an im-
pact on the increasing of the water flow energy. Water
flow velocities on steep sections of the flood path
reached levels as high as approximately 12 m/s. As the
result, a rapid flood propagation downstream, to the
low-relief plain of Quaternary fluvial deposits, where
the Hinlat area is located, was provided. The riverbed
gradient decreases to the plain and forms a narrow
floodplain with a channel incised approximately 67 m
into alluvial sediment. Maximum floodplain inundation
depth was approximately 9.5 m, although the channel
capacity is approximately 5 m [Latrubesse et al., 2020].

Sentinel-1ASAR images. Sentinel-1A was launched
in April 2014, with an orbital period of 12 days for a
single satellite and a regular repeat period of 6 days for
two satellites, with the fastest revisit time of 1 to 3 days.
This satellite carries a 5,404 GHz C-band SAR with
maximum coverage of 400 km, including four imaging
modes: SM (Stripmap), IW (Interferometric Wide-
swath), EW (Extra-Wideswath), and WV (Wave). The
SM, IW, and EW modes are unipolar (HH/VV) and du-
al-polarized (HH+HV/VV+VH) imaging and the WV
mode is unipolar (HH/VV) imaging [ESA, 2014]. Senti-
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nel-1A SAR image is not affected by extreme weather, it
can penetrate through clouds and acquire data with all-
weather and wide coverage area. The acquired image

has good contrast and rich texture information, which is
especially suitable for the study and monitoring of sud-
den-onset disasters.
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Fig. 2. The hypsometric map of the southwest part of the Bolaven Plateau

Puc. 2. 'uncomeTpnyeckasi KapTa 0ro-3anajHoii yactu miarto bososen

Moreover, in this image, the specular reflection
phenomenon of the water body appears in dark tones,
so the information of the water body can be simply
identified. In this paper, the images of Sentinel-1A
SAR before the flood outbreak on July 13, 2018, and
after the flood outbreak on July 25, 2018, were selected

for the extraction and analysis of the Xe-Pian Xe-
Namnoy reservoir and the flooded area. The product
level of this data is GRD (Ground Range Detected
Product), the operating mode is IW, the polarization
mode is VH, and the parameters of Sentinel-1A SAR
data are shown in the table 1.

Table 1

Characteristics of processed Sentinel-1A images

Tabnuma 1

XapakTepucTHKH CHUMKOB Sentinel-1A nocJie npeaBapuTe/IbHO 00padoTKH

Imaging date Polarization mode Resolution/m Pixel size/m
2018/7/13 (Before the disaster) VV/VH 20 x 22 10 x 10
2018/7/25 (After the disaster) VV/VH 20 x 22 10 x 10
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Geographic information data. In addition to SAR
images, this paper also collected Landsat 8 remote sens-
ing images of the same period in the study area. Digital
elevation model (DEM) data and administrative division
vector data were also collected. These data are used to
assist the interpretation analysis of flooded areas and
improve extraction accuracy. Among them, Landsat 8
remote sensing image is from  USGS
[https://earthexplorer.usgs.gov/], and DEM data is
ALOS (Advanced Land Observing Satellite) with reso-
lution 12.5 m. DEM data is the phased-array type L-
band data. Synthetic Aperture Radar (PALSAR) ac-
quired elevation data (https://earthdata.nasa.gov/). The
administrative zoning vector data were obtained from
WWF (https://www.worldwildlife.org/).

Research method

Pre-processing of Sentinel-14 images. In this study,
the Sentinel-1A data were pre-processed using ESA
SNAP software [Sun et al., 2017]. The primary process
includes the following steps:

1. Orbit correction. The accuracy of the orbit state
data in the metadata files accompanying the Sentinel-1
satellite data is not very high, as accurate orbit files usu-
ally take about two weeks after data acquisition to be
produced [Guo, Zhao, 2018]. The SNAP software auto-
matically downloads the exact orbit file and updates the
Sentinel-1 satellite orbit status information in the
metadata file (.xml) in the Sentinel-1 satellite data
[Zhang et al., 2021]. In general, more precise orbital
positions should be updated, especially when a higher
level of alignment processing is required.

2. Thermal noise removal. The operating mode of
SAR is active survey, and the Sentinel-1 satellite is
about 700 km above ground level. Due to the wave
spherical diffusion effect, the thermal loss inside the
SAR satellite unit (transmitter, power amplifier, and
receiver) is not negligible. Thus, it seems that the ac-
quired SAR images are with thermal noise, and the
thermal noise will affect the estimated accuracy of the
acquired radar backscatter signal. However, everything
is relative; if we receive a SAR effective signal much
stronger than the thermal noise, the thermal noise effect
can be neglected. For the Sentinel-1 satellite, this is an
optional pre-processing operation.

3. Radiation calibration. Radiometric calibration is
the conversion of the received backscattered signal into
a physical quantity with units. In order to eliminate sys-
tematic and random radiometric distortions or aberra-
tions generated during data acquisition and transmission,
the radiometric correction of the image data for each
period is performed using the radiometric correction tool
(Calibrate) of the SNAP data processing software to ob-

tain the radar backscattered coefficients for each period
of the subsurface.

4. Speckle filtering. Speckle noise in SAR images is
a principle drawback inherent to all imaging systems
based on the coherence principle [Han, Guo, Wang,
2002]. Speckle noise in SAR images is generated in the
radar echo signal, which severely affects the accuracy of
information extraction. There are various filters to re-
move coherent speckle, aiming to reduce the effect of
noise on image interpretation and improve the accuracy
of water extraction. The most popular Refined Lee filter
(improved Lee filter) is used here. It is an adaptive filter,
and the filter window can be automatically adjusted ac-
cording to the region. The algorithm filters out the co-
herent spot noise while keeping the edge information of
the feature as well. Besides, it can reduce the bright and
dark spots caused by the undulation of the water surface
to a certain extent, which facilitates the recognition of
water body information [Xu, Zhou, 2013].

5. Terrain correction. SAR is side-view imaging so
that terrain undulations can cause geometric distortions
to the image [Minh et al., 2019]. For multi-temporal
analysis, the topographic correction of the images for
each period was performed using the Range-Doppler
method in the terrain correction tool of the SNAP data
processing software in combination with the SRTM 30
m resolution DEM data.

6. Image alignment. In order to realize the monitor-
ing of dynamic changes of floods based on the same
area, the images of two periods need to be accurately
aligned. Since the GRD images are in wide interferomet-
ric format, they have already been corrected for multi-
view and geocoding and do not require further align-
ment processing.

7. Convert bands to Db. To better reflect the variabil-
ity of radar intensity and highlight the differences be-
tween water and land, the backscattered coefficients of
the images are transformed into a logarithmic scale form
[Silveira, Heleno, 2009]. The decimalization of the radar
backscattered coefficients approximates the standard
Gaussian distribution in the data range, which is more
convenient for visualization and data analysis. Compar-
ing the pre-processed images (Fig. 3b) with the original
ones (Fig. 3a), it can be seen that the contrast between
water and land is significantly enhanced in the logarith-
mic map.

Object-oriented Flooded Area Extraction. Object-
oriented classification technology is an information
extraction technology based on the target object, using
the object after image segmentation as the basis for
classification [Clark, Pellikka, 2009]. Then find and
extract the target object features from the image and
rely on the library of object feature knowledge to com-
plete the extraction of the target object. Traditional
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image element-based classification often influences
speckle noise. Object-oriented classification technolo-
gy, which overcomes the shortcomings of traditional
remote sensing image classification methods, can im-

(a) Original image

prove the efficiency and quality of image interpretation
to a certain extent. In this study, based on eCognition
software, the object-oriented method extracts the
flooded area in the study area.

(b) Pre-processed images

Fig. 3. Original image and pre-processed image of flood on July 13, 2018

Puc. 3. Ucxonnblii 1 npeIBapuTeIbHO 00Pa00TAHHBINH CHUIMKH HaBogHeHus oT 13 uroas 2018 r.

Image Segmentation. Object-oriented classification is
the technique of image segmentation, which has a vital
role in image information extraction [Lewinski, Za-
remski, 2004]. This study uses a multi-scale approach
for image segmentation, which refers to segmentation
image object levels at different scales by adopting dif-
ferent segmentation scales to generate a hierarchical
image mesh structure composed of data at different
scales. Multi-scale segmentation can extract image ob-
ject prototypes without knowledge participation at any
scale according to local contrast. It is applied to various
data types and can handle multi-channel data, especially
for data with texture or low-contrast images with slight
differences [Dragut et al., 2014]. The multi-scale seg-
mentation algorithm is mainly determined by segmenta-
tion parameters such as image band weights, segmenta-
tion scale, color, and shape [Lowe, Guo, 2011].

The multi-scale segmentation method needs to be
debugged several times to select the optimal segmenta-
tion parameters to ensure that the generated image ob-
jects have the minimum internal and inter-object hetero-
geneity. The image objects can sufficiently express the
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basic features of each object. The heterogeneity is calcu-
lated as follows:
f=w; Xh +(1—w;)Xh, (1)
where w, is the user-specified shape weight, h; is the
shape heterogeneity, h, is the spectral heterogeneity.
The formula for h, and h, is:
hy = wak; + (1 — wy)k; )
hy, = X1 i X 0; @)
where w, is the user-specified tightness weight, k; and
k, are the tightness and smoothness of the shape, re-
spectively, n is the total number of bands, 2; is the band
weight, and o; is the standard deviation of the bands. k,
and k, are calculated as follows:

k1 =
k2 = L
where E is the length of the object boundary, E is the
total number of pixels within the object, and L is the
perimeter of the rectangle containing the object.

Spectral color and shape are complementary, and if
only the spectral color factor is considered, the influence

)
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of the shape factor on the homogeneity criterion is nec-
essarily reduced [Lucas et al., 2007]. Both tightness and
smoothness determine the shape, and the ones are also
complementary. Increasing the scale factor of smooth-
ness can make the edges of the object smooth, which is
very effective for segmenting strip features such as
roads; increasing tightness can make the object more
rectangular, which is very effective for segmenting im-
ages of features with regular shapes. The image segmen-
tation directly affects the accuracy of image classifica-
tion. In order to obtain the optimal segmentation scale so
that the segmented objects can achieve a better fit with
the actual feature patches, the appropriate setting of the
parameter weights is extremely important;

Knowledge base construction and classification ex-
traction. After determining the appropriate scale of im-
age segmentation, a knowledge base of multiple feature
sets must be established. Suitable expressions must be
selected to describe the features of the features, that is,
to transform this semantic knowledge into rules to
achieve the extraction of flooded areas. The establish-
ment of the knowledge base needs to consider the differ-
ences between the object to be extracted and the original
image, which are reflected in texture, brightness, densi-
ty, area, and other features. The land-use types in the
study area are mainly bare land and residential land.
Under the VH polarization, the image's overall bright-
ness is higher, and the distinction between the flooded
area and the background area is more apparent. The wa-
ter features are more stable in the backscattering charac-
teristics of the VH polarization, with less texture infor-
mation.

In contrast, under the VV polarization mode, there
are more apparent variations in the backscattering inten-
sity of some land types, leading to corresponding dis-
turbances in the changes of flooded areas. After sensitiv-
ity analysis of the flooded area images and other fea-
tures, the VH-polarized backscattered mean features are
selected to construct a knowledge base for extracting
flooded areas to distinguish water bodies from non-
water bodies. Since the water body features are straight-
forward to distinguish on SAR images, this paper uses
the threshold method to extract water bodies after multi-
scale segmentation.

Results and analysis

Based on the characteristics of the image itself and
the research purpose of extracting the flood inundation
extent, this study divides the image feature type into
inundated and unflooded areas and extracts. It analyzes
the flood inundation extent by combining the changes of
waters in different periods. Different segmentation re-
sults are obtained by adjusting the image segmentation

ratio, shape factor, and tightness factor several times,
and the best segmentation parameters are selected using
a priori knowledge and expert discriminative ability.
After screening, the final parameters were set as follows:
the scale parameter of image segmentation was set to 15,
the shape factor was set to 0.3, the tightness factor was
set to 0.5, and the spectral factor was kept as default.
The segmentation results obtained according to the
above parameters are satisfactory, reflecting the infor-
mation of the differences between patches, high internal
homogeneity of the images, and apparent boundary sep-
aration between land and water, maintaining the integri-
ty of the boundary. By analyzing the VH polarization
mean features, the average backscattering coefficient of
the water body is lower than —17.5 dB. The threshold
range is set based on the Assign Class function of eCog-
nition software to extract the water body and non-water
body regions.

The SAR image is oblique distance imaging, due to
the influence of imaging mechanism, when the electro-
magnetic wave irradiates to the surface, the mountain in
the study area will appear the phenomenon of perspec-
tive contraction, superimposed obscuration and shadow-
ing, and the back mountain slope with large topographic
undulations in the scene cannot obtain the radar beam
and produce mountain shadowing [Sun et al., 2014]. The
shaded area has low brightness, and the shadows are
similar to the backscattering intensity of water bodies, so
the object-oriented threshold-based method cannot com-
pletely distinguish the shadows, which may lead to the
mountain shadows being misrepresented as water bod-
ies. In response to the problem mentioned above of false
information is-extraction, this study uses DEM data to
calculate the topographic relief according to the moun-
tain features in the study area and combines the moun-
tain shadow map and incidence angle map to determine
the topographic relief threshold of 30m, and extracts the
areas with sizeable topographic relief to eliminate the
influence of mountain shadow on the extraction results
of water bodies. This step can be very effective in re-
moving noise from areas with significant differences in
elevation in the study area. Combining the high-
resolution images of Landsat 8 and Google Earth of the
same period and expert interpretation, it is found that the
pre-disaster land-use types of the study area are mainly
bare land and inhabited land before the dam collapsed,
so most of the Hinlat area is dark in the SAR amplitude
image. This phenomenon is since the backscattering co-
efficient varies depending on soil moisture and surface
roughness, which are usually proportional to soil mois-
ture and surface roughness. Since most of the Hinlat
area has few structures such as buildings or trees, its
surface roughness is low, resulting in a low backscatter
coefficient [Kim, Lee, 2020]. The primary land features
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behave similarly to water bodies in the backscattering
characteristics of VH polarization, which leads to the
corresponding disturbance in the changes of the flooded
area. It is difficult to distinguish between water bodies
and bare soil using a single SAR magnitude image when
no other data source is available. Therefore, in this pa-
per, after removing the influence of mountain shadows
on the extraction results of water bodies, the modified
bare soil index (MBI) [Nguyen et al., 2021] of the study

106°32'E

06°36'

106°28'E

e

106°32'E

15°0'N|

14°57'N

14°54'N

Water bodics after the disaster
I Water hodies before the disaster |

area was calculated using Landsat 8 remote sensing im-
ages of the same period. In order to distinguish between
bare soil and areas inundated by dam collapse, the MBI
threshold was determined to be 0.175 through constant
adjustment and variation.

Based on the above research methods, the results of
pre-and post-disaster monitoring of Xe-Pian Xe-
Namnoy reservoir and flooded villages were obtained
(Figs. 4 and 5).
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Fig.4. The flooding area extraction results of the Xe-Pian Xe-Namnoy reservoir
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Fig. 5. The flooding area extraction results of the flooded villages

Puc. 5. Pe3ynbTaThl MOAETUPOBAHMS 3aTOIICHHBIX TEPPUTOPHUIi B PaiioHe CeIbCKHX HACEJCHHBIX IyHKTOB

The pre-disaster water body area of the Xe-Pian Xe-
Namnoy reservoir is 30.31 km?, the water system devel-
ops mainly in a southwestern direction, but also occurs
in all other directions. The post-disaster water body area
is 9.06 km?. Comparing with the post-disaster image on
July 25, the area of the lost water body on July 13 was
21.25 km?, and the area of the water body in the Xe-Pian
Xe-Namnoy reservoir before and after the disaster
shrank significantly. When we look at the north-south
direction of the image, we can see that most of the water
stored on the right side of the water system has been
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released, and the water system in the area has become
significantly smaller, with a large amount of water flow-
ing out to the southwest. In the direction south of the
reservoir, the water leaking from the reservoir flows
along the Vang Nagao River, causing significant dam-
age to the Hinlat area. Figure 4 shows the affected area,
the total area of the study area is 190.04 km?, the area of
the water body before the disaster is 3.28 km?, and the
area of the water body after the disaster is 51.56 km?.
Comparing with the pre-disaster image on July 13, the
total inundated area on July 25 was 48.66 km?. The spa-
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tial and temporal distribution of flooding shows that
Hinlat, Thasaengchan, Mai, and Samong-tai are more
severely affected, concentrated inundation. The interval
between the image of the affected period and the image
of the post-disaster period is 12 d. Comparing the area of
water bodies before and after the disaster, it is clear that
the preceding cycle of the marginal area of the site is
longer.

The study area is dominated by bare land and resi-
dential land, and the terrain is lower than the surround-
ing area, and the prolonged and continuous heavy rain-
fall causes the water to be difficult to drain for a short
period. As shown in Figure 4, the spatial distribution of
the inundated area is relatively concentrated, and the
area of the extracted water bodies matches the area of
the original image water bodies. Due to the complex
changes in the distribution of water bodies in the study
area, it is difficult to depict the water body boundaries
manually, so this paper combined Landsat 8 and Google
Earth high-resolution images before and after the disas-
ter to manually depict the water body boundaries in
some areas before the disaster and evaluated the accura-
cy. The overall accuracy reached 85.9 %.

Discussion and conclusion

In this study, we used eCognition software as a plat-
form to achieve the extraction of water body information
from the pre-disaster and post-disaster Sentinel-1A SAR
images of the study area by using object-oriented multi-
scale segmentation and thresholding method, combined

with terrain relief and MBI, and this method was fast
and accurate, and good results were obtained. Compared
with traditional methods based on image elements, ob-
ject-oriented classification methods extract homogene-
ous objects for classification, in which there are relative-
ly few fragmented objects, and merge noisy regions and
surrounding objects into a specific object with signifi-
cantly stronger resistance to noise, which can effectively
avoid the "pretzel phenomenon" often generated in im-
age-oriented classification methods.

Due to the limitations of the conditions, the verification
of the extraction results for the flooded area lacked the sur-
vey data of the actual points in the field, and the continuous
cloudy and rainy days during the occurrence of the flood
were disturbed by the cloud cover so that the valid high-
resolution optical images could not be obtained for the veri-
fication analysis of the affected area. The extraction accu-
racy needed to be further improved.

Influenced by remote sensing data's temporal and
spatial resolution, it is difficult to achieve accurate flood
monitoring by a single remote sensing data source.
Therefore, to carry out multi-source remote sensing data
fusion, make full use of the advantages of various data
sources, establish multi-source remote sensing flood
disaster monitoring response mechanism, improve the
corresponding speed of flood disaster monitoring, and
then realize the daily supervision of water resources of
rivers in the domain and emergency monitoring of un-
expected disasters, is the focus of further research on
flood monitoring.
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