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sensing data, such as Synthetic Aperture
Radar (SAR) data can penetrate clouds
(Gstaiger et al., 2012; Long, Fatoyinbo &
Policelli, 2014) and therefore is considered as
an effective tool for flooded area detection
(Tholey et al., 2015; Hoque et al., 2011;
Henry et al., 2006; Kuenzer et al., 2013).
Some high spatial resolution SAR data, such
as TerraSAR-X (X-band), COSMO-SkyMed
(X-band), and RADARSAT-2 (C-band)
(Gstaiger et al., 2012; Pulvirenti et al., 2011),
are always expensive which limits the use of
the data at large scale. Freely available data,
such as ENVISAT ASAR, have a moderate
resolution of 150 m, which cannot accurately
describe the inter-annual dynamics of the
surface water (Kuenzer et al., 2013; Matgen et
al.,, 2011). With the recent launch of the
Sentinel-1A (S1A) satellite and the free access
to its products (Torres et al., 2012), the S1A
data have both high temporal and spatial
resolution which can be used to extract
surface flooded area and assess its dynamics
more efficiently (Cazals et al., 2016).

Although the number of automatic flood
mapping approaches has  significantly
increased over the past years, particular in
using S1A data (Plank S, 2014; Twele et al.,
2016; Tavus et al, 2018; Olen and
Bookhegen, 2018; Ahmed and Kranthi, 2018),
a certain amount of manual user interaction is
commonly required for satellite data pre-
processing, the compilation and adaption of
auxiliary data, map production, and the
dissemination of derived crisis information to
end-users. Additionally, the C-band radar on
the S1A offers a high potential for flood
mapping due to its enhanced sensitivity of the
backscatter signal to open water (Psomiadis,
2016; Kiage et al., 2005; Henry et al., 2006)
but it also has noise signals from vegetation
coverage within observed region (Olen and
Bookhegen, 2018).

Floods were reported in the lower part of
the Con River (Binh Dinh province) in recent
years to incessant rains, particularly in end-
year months of 2017 and 2018 (Tho et al.,
2018; Binh Dinh Provincial People's
Committee, 2018a). As part of the rapid
response, the local disaster management was
in urgent need of information about the
inundated areas to prioritize their relief and
rescue activities. In this study, we employed a
simple classification method to map flood
inundation areas over the lower basin of the
Con River from October 2017 to December
2018 using the S1A data. The method based
on a long time series of SIA data was then
used to retrieve the flood dynamics at various
stages and flood duration. The results on the
dynamics of flood and spatial distribution of
flood inundation areas over the region during
a physical year provide information for better
flood mitigation.

2. Materials and methods
2.1. Study area

The lower part of the Con River (also
name Kon and Kone) basin located within
five districts of Binh Dinh province, including
Tay Son, Phu Cat, An Nhon, Tuy Phuoc, and
Quy Nhon City (Fig. 1). The study area is
located in the downstream of the Con river
upon the Thi Nai Lagoon and covers a land
area of approximately 1000 km®> with the
average elevation of lower than 20 m above
the sea level. The lower part of the Kone
River basin has one rainy season, lasting from
September to December every year, and one
dry season. During the rainy season, rainfall is
concentrated and contributes 75-85% to the
total annual volume (Phan et al., 2010). Heavy
rains often occur in October and November
every year, leading to floods and inundations
over the study area, particularly in the last
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Fig. 4. Resultant water areas extracted then
were compared to the water areas classified
from the S2A image acquired on March 4"
2018 by the Maximum Likelihood method
with a K value of 0.90 (Fig. 4). Two water
area datasets extracted from these both images
(S2A and S1A in March 2018) got a high
correlation (R = 0.97) and small error
(RMSE = 0.57 ha) indicating the excellent
performance of the threshold for extracting
water area from S1A image. Notably, in some
deep-water areas such as lakes and reservoirs
in the region, the water area extracted from
S1A matched up well (RMSE was lower than
1%) to the water surface zoned form S2A
in true color (Fig. 5) confirming the
appropriateness of the threshold.

Name: Sigma0_\VV_dB
Unit: intensity_dB
Min; -23,221

Max: 27.208

threshold: -18 dB
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Figure 4. Histogram of backscattering coefficient in
the VV band and the illustration of the automatic
histogram threshold generation at -18 dB

Figure 5. Water surfaces of Nui Mot and Thuan Ninh Reservoirs (Binh Dinh) zoned from S2A image on
March 4th 2018 (a and c) and extracted from S1A image on March 2nd 2018 (red areas in b and d)
demonstrate the high accuracy of the S1 A water surface extraction threshold
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Fig. 6 shows the resultant maps of flood
inundation areas over the lower part of the
Con River basin obtained from 15 SI1A
scenes those acquired over the area from
October 2017 to  December 2018.
Accordingly, the inundation areas appeared
with high density throughout the region in
late October to late December of both years
2017 and 2018. In the maps (Fig. 6), Tuy
Phuoc district and the northern part of An
Nhon district were most affected by floods
with total flood inundation area, which
reached approximately 20,000 ha in
December 2017 and 13,000 ha in December
2018. An Nhon town and Cat Hung
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commune of Phu Cat district were also
affected by floods. According to the maps
(Fig. 6), the 2017 flood caused inundation in
a larger area than the 2018 flood. The maps
also show some areas in Tuy Phuoc district
were inundated for nearly 4 months, from
late October to the end of January of the next
year, as in the 2017 flood. The maps
evidence that both floods in 2017 and 2018
caused significant inundation of cropland and
rural settlement in the region for more than 3
months, which is consistent with the local
report on flood disasters in December 2017
and 2018 (Binh Dinh Provincial People's
Committee, 2018a, 2019).
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Figure 6. Time-series maps of flood inundation area detected from Sentinel 1A images taken over the
lower part of the Con River from October 2017 to December 2018
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name as “li Tiéu min”); (2) The strong
correlation of the total flood inundation area
with the local precipitation (R= 0.64)
indicates that the origin of floods is the
concentrated water discharge in the rainy
season.

The annual flood in the lower part of the
Con river basin is the driver of many socio-
economic and ecological functions in the
region, such as the agricultural production and
tourism. Therefore, information on the
expected timing and extent of floods is of
interest to many stakeholders, particularly
local government. Floods can be monitored
directly through water levels. However, due to
the limited number of monitoring stations
over the regions, monitoring of floods can be
done using recent satellite images, particularly
free SAR data such as S1A. Towards a better
management and mitigation of floods in the
lower part of the Con River, a map of land-use
status in the region should be conducted.
Furthermore, an operational monitoring flood
over the whole basin should be carried out to
provide information for the early disaster
warning and management.

4. Conclusions

The work presented here is focused on
using S1A SAR data for mapping flood
inundation areas over a year period and,
therefore, identifying flood dynamics. Based
on the results of the study, S1A data
demonstrates a great potential in flood
inundation area mapping and monitoring with
high spatial resolution in a six-day interval.
Our analysis showed that the best results in
delineating water areas from S1A image were
obtained using VV polarization configuration
with a threshold of -23 dB to -12 dB. Strong
correlations of the total flood inundation area
detected from S1A images with the Con River
water level (R = 0.75) and local precipitation
(R = 0.64) measured at Binh Nghi hydro-
meteorological station confirm the
appropriateness and validate the use of S1A
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data to obtain flood inundation area maps with
the required accuracy. The results show a
trend conforming to the local hydro-
climatological feature that flood occurs on the
Con river in October every-year and lasts till
to the end of January of the next year. Tuy
Phuoc district and the northern part of An
Nhon district of Binh Dinh province are the
most vulnerable to the floods. The proposed
methods and data used should be applied to
the whole Con River basin for better disaster
management over the region.
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