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Abstract: Microwave remote sensing or SAR (Synthetic Aperture Radar) data has been employed
extensively to map open water bodies and to monitor flood extents, where cloud cover often
prohibits the use of satellite sensors operating at other wavelengths. Where total inundation occurs,
a low backscatter return is expected due to the specular reflection of SAR signal on the water
surface. However, low local incidence angle and wind induced waves can cause a roughening of
the water surface which result in a high return signal. It is also mean that the temporal variability
(TV) of the backscatter from water bodies is higher than other land surfaces. The Mekong River
Delta is a region with very long wet season (starting in May and lasting until October-November),
resulting in almost crop fields also has low backscatter returns. Where such conditions occur
adjacent to open water, this can make the separation of water and land problematic using SAR
data. In this paper, we use seasonal time series C-band SAR data (dry season), we also examine
how the variability in radar backscatter with incidence angle may be used to differentiate water
from land overcoming. We carry out regression over multiple sets of seasonal time series data,
determined by a moving window encompassing consecutively-acquired ENVISAT ASAR Wide
Swath Mode data, to derive three backscatter model parameters: the slope B of a linear model
fitting backscatter against local incidence angle; the backscatter normalized at 50° using the linear
model coefficients ¢°(50°), and the minimum backscatter (MiB) from time series data after
normalized. A comparison of the three parameters (B, TV and MiB) shows that MiB in
combination with TV provides the most robust means to segregate water from land by a simple
thresholding algorithm.
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1. Introduction

The mapping of permanent water plays an
importaint role across several fields. In recent
years, much attention has benn paid to
monitoring of wesland ecosystems, in which
inundation patterns are formative in the study of
biodiversity and greenhouse gas emissions [1-3].
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Radar has several advantages over visual-
infra red (VIR) data - being an active sensor
system, it can acquire data independently from
the position of the sun. Perhaps most
importantly, radar can penetrate the cloud cover
that prohibits, to varying degrees, the use of
VIR data for continuous flood monitoring, or
for timely production of flood maps for disaster
response purposes. To take full advantage of
radar data, much research has been concerned
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with the task of overcoming some difficulties in
the interpretation of radar images. Spaceborne
Synthetic Aperture Radar (SAR) data are
available from number of satellites operating at
different wavelengths, with multi-mode image
different acquisition strategies. Typically, the
configuration and are operated with acquisition
of high resolution SAR systems (1- 20m)
targets specific areas. Sensors with acquisition
modes at moderate resolution (100-1000m) are
instead operated to acquire data on a global
scale in a repeated manner. In view of
generating estimates of a land surface parameter
for large areas, moderate resolution image data
products become the only practical alternative if
a mapping of repeated acquisitions is of
advantage since multi-temporal observations
allow reduction of speckle noise [4], detection
of trends in land surface parameters such as soil
moisture [5], wetlands [3, 6], and cropland and
water bodies.

Flat, open water acts as a specular reflector
of radar energy away from the sensor. For this
reason, water under certain conditions is
characterised by a low backscatter return.
However, where structures such as vegetation,
steep land forms and man-made features
emerge through the surface of the water,
multiple interactions between such structures
and the surface of the water cause “double
bounce” effects, which result in a very high
return signal. Depending on the relative scale
and density of these features with the pixel size
of the data image, the result is either a mixed
pixel mid-value aggregate of low and high
backscatter returns,being hard to distinguish
from dry land, or a very high backscatter value,
which in turn can be very hard to distinguish
from wet soil or vegetation. Consequently, the
major limitation of single SAR backscatter
images to map water bodies relies in the

dependence of backscattered signal upon
surface conditions of water body. Thresholding
approaches or supervised approaches applied to
a single image were sufficient to detect and
delineate lakes and rivers in C and X-band co-
polarized data as long as the backscatter was
overall low with respect to other land surfaces.
Several authors reported false detections of
water as land in the case of rugged water
surface [7, 8]. A combination of classifications
based on SAR amplitude and interferometry
SAR coherence using individual threshold-
based approaches on each observable.
Classification accuracy reported in terms of
correctness and completeness was between 51%
and 72%, and 60% and 81%, respectively [9]
Slightly higher accuracy was obtained when
using coherence data only [9].

Multi-temporal observations were used to
understand and quantify dynamics of water
bodies [1, 6, 10]; a general conclusion was that
the temporal sampling even in the case of very
frequent observations as in the case ENVISAT
ASAR ScanSAR images was not optimal to
track dynamics in a sufficiently detailed
manner. Moreover, the affecting of difference
local incidence angle for each pixel location in
image is still available that potentially lowers
the accuracy of classification results. Two main
approaches for local normalization of time
series SAR data are cosine normalization
approaches based on the Lambert’s of optics
and empirical, regression based approaches.
However, no previous studies in rice mapping
apply these local incidence normalization
approaches. In this study, we performed local
incidence angle normalization by using
empirical, regression based approaches to the
data to minimize impacts on the mapping
results prior to analysis.
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The objective of this paper is to investigate
the properties of metrics (slope, temporal
variability and minimum backscatter) derived from
multi-temporal SAR data and demonstrate their
usefulness in the detection of permanent water
bodies.

The SAR dataset consisted of images of the
radar backscattered intensity acquired by
ENVISAT Advanced SAR (ASAR) instrument.
To assess the consistency of multi-temporal
metrics and the robustness of the water body
mapping approach from SAR data here
considered, investigations were undertaken at
Mekong River Delta.

2. Study area and dataset

2.1. Study area description

The study area is Mekong Delta, the major
rice-producing area in Vietnam,it produces
more than half of the rice in Vietnam.

The Mekong Delta is a region constituted
by 13 provinces in the southern of the country,
covering around 40000 km. The topography is
very flat with most land below 5m(see Figure
1) The climate is tropical (8.5N - 11N in
latitude), with the wet season starting in May
and lasting until October-November, and the
dry season from December to April. Rice
cultivation is the major agricultural activity in
this area (approximately 2 million hectares of
paddy), rice producing vyield of this area
contributes about 51% of the total yield of the
country) and it is largely supported by various
agro-hydrological factors such as rainfall and
irrigation (Results of the 2011 Rural,
Agricultural and Fishery Census, General
Statistics Office of Vietnam).

2.2. Dataset
2.2.1. ENVISAT WSM data

This paper uses data acquired by the Wide
Swath mode of the ASAR on board of the
European Environmental Satellite ENVISAT.
ENVISAT was launched on March 1, 2002, and
it circles the Earth in a sun-synchronous orbit at
an altitude of approximately 800 km with a
nominal repeat rate of 35 days, covers a swath
of 405 km, with a spatial resolution of 150 m
and incidence angle in each image ranges from
17° to 42°. A total of 132 ASAR WS images
which are completely or partially covering over
the Mekong River delta, between March 2007
and March 2011, the following ENVISAT WS
data (Fig 2) was acquired from European Space
Agency (ESA). In order to monitor rice
agricultural by means of methods based on the
temporal backscatter behavior characterization.
Images were acquired with HH polarization and
during both descending (morning) and
ascending (evening) overpasses. Based on
characterization of the backscattered of water
that illustrated (see Figure 3); for this study,
five year dry season dataset (22 images) of all
ENVISAT ASAR WSM images over the study
area was considered. It was assumed that the
number of backscatter observations collected
seasonally would have been sufficient.

2.2.2. Optical data

LANDSAT 7 ETM" and LANDSAT 5
images (path/row: 125/053, 125/054 and
126/053) is acquired through the USGS website
http://earthexplorer.usgs.gov/ and were used as
a reference parameter to generate training data
which was later used to estimate threshold and
validating the accuracy of classification results
(Fig 4). Table 1 lists the available dates for all
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LANDSAT over study area for a period of 5
years (2007-2011). The data have been
geometrically and radiometrically corrected for
spectral bands.

High-resolution imagery in global image
and map viewers such as Google Earth in
combining with Landsat time series data are an
alternative approach to generate reference
information. In this study, a stratified random
sampling approach has been developed to select
water samples in  manner.  Polygons
corresponding to a pixel in the SAR image were
overlaid onto Google Earth image.
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2.2.3. Land use land cover data

Ancillary maps, including the land use land
cover map of 13 provinces in the study at
1/50,000 (2010) collected from the General
Department of Land Administration of
Vietnam. Because the land use data just have
been updated every a few years and are
recorded in vector format, thus we used the land
use land cover map in combine with Landsat
time series data to digitize sampling sites of
homogeneous permanent water body for water
class that had not changes between 2007 and
2011. Digitizing sampling sites then were
converted to a raster file (75 m resolution)
which used for validation.
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Fig. 1. Study area.
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Fig. 2. The number of ASAR WSM images over study area for a period of 5 years (2007-2011).
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Table 1. ENVISAT ASAR WSM data sets used for permanent water bodies mapping in the Mekong Delta
(Scenes acquired during the dry season)

2007 2008 2009 2010 2011
2007-Mar-01 2008-Jan-10 2009-Dec-10 2010-Jan-14 2011-Jan-01
2007-Dec-06 2008-Feb-14 2009-Dec-13 2010-Jan-17 2011-Jan-14

2007-Dec-25 2008-Apr-08 2010-Feb-18 2011-Feb-02
2008-Apr-15 2010-Dec-14 2011-Mar-04
2008-Apr-24 2010-Dec-15 2011-Mar-15
2008-Apr-27 2011-Apr-03

] 3

b) ENVISAT WSM 23-June-2011

b) ENVISAT WSM 15-Mar-2011 d) LANDSAT-8 TCC (09-Dec-2009)
Fig. 4. Influence of wind and local incidence angle to radar backscatter.
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3. Data pre-processing and signature analysis

In a single date ENVISAT ASAR image,
water body areas are showed in black.
Minimum radar echo is generally due to the fact
that water bodies, with its smooth surface, act
as specular reflectors of incoming radar signals,
resulting in weak return towards to the sensor.
But rough water surface (influenced by strong
wind, current flows) may return radar signal of
varying strength, visible by different grey levels
due to “Bragg resonance” effect. In the case of
multi-temporal images, the water body areas
affected by strong wind are seen as various
colors, especially in rainy season (Figure 4a).
Otherwise, the main factor affecting SAR
imaging of water body areas is incidence angle,
at smaller incidence angles, the specular
reflection from the standing water gives very
high radar return in the image (Figure 4b).
These two factors must therefore be considered
when interpreting multi-temporal SAR images
for permanent water body mapping. To
overcome these two weakness; first, data
selection has chosen as mention in section 2.2,
second, backscatter need to be normalized at a
low reference angle (it is presented in the next
section and Fig 5).

3.1. Data pre-processing

For geocoding and radiometric calibration
using NEST software developed by the
European Space Agency (ESA). NEST
produces the sigma nought image and, using a
model of the satellite orbit and a Digital

Elevation Model (DEM), the corresponding
local incidence angle estimates. DORIS precise
orbit data and 30 arc-seconds DEM (SRTM)
were used. The resampling of these images to a
fixed grid (cover all the study area) in a
database was carried out in order to allow
efficient time series analysis, which was
required for the extraction of the backscatter
parameters.

A linear model was fitted to the time series
of sigma nought (c°) and local incidence angle
(6) measurements at each grid point, according
to Eqg. (2), resulting in the backscatter model
parameters slope (k) and intercept (m). Such
linear models have been applied in other
studies, e.g. in the case of RADARSAT data
[11] and ERS Scatterometer data [12].

c°(0) =m + ko 1)

The fitting of the linear model using the
least-squares method was implemented based
input time series SAR datasets.

3.2. Signature analysis

The parameters retrieved from time series
SAR metrics considered in this study were the
slope, maximum backscatter (MaB), minimum
backscatter (MiB) and the temporal variability
(TV) of the backscatter defined as the standard
deviation of the backscatter intensities in the
logarithmic decibel (dB) scale (for both after
and before normalization). The use of the dB
scale for the latter parameter enhanced the
contrast with respect to a standard deviation
based on intensities in the linear scale.
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Fig. 5. Backscatter normalization and signature analysis.

a) Min backscatter b) Min backscatter ¢) Standard deviation
before normalization after normalization at 50° of the backscattered

Fig. 6. Parameters retrieval from time series ENVISAT WSM SAR data.
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Based on visualization and analysis, two
parameters have the most potential apply for
permanent water body extraction has been
chosen for data analysis. They are minimum
backscatter after normalization at 50°(MiB) and
the temporal variability before normalization
(TV). Fig. 6 shows the image of TV and MiB
for the study area. Permanent water bodies in
the east of the study area were characterized by
highest TV and lowest MiB. To get
understanding for the behavior of TV and MiB
of water and land surfaces, Fig. 7 shows the
time series of the SAR backscatter for three
pixels labeled in land cover as water body,
cropland and urban, respectively. As can be
seen that the variation of the SAR backscatter in

[}

9

seasonal time over open water implied the
lowest MiB among the three cases here
considered because of the repeated occurrence
of specular scattering in forward direction (ie.,
calm wind condition and high local incidence
angle). The variation of open water and
cropland before normalization quite similar and
TV of cropland and permanent water body are
almost equal, 4.45 dB and 4.72 dB respectively
because of the characteristic of cultivate activity
and very low terrain elevation (cropland almost
has water in time). Otherwise TV of cropland
was affected by changes of the backscatter
during the growing season. The TV of urban
was very low since the backscatter was rather
constant in time.

Water body - Lon: 106.4366 E, Lat: 9.9013 N (TV: 4.45 dB ; MiB: -37.8 dB)
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Fig. 7. Time series SAR backscatter for three pixels labeled in land cover as water body, cropland and urban,
respectively. TV and MiB estimates are presented above corresponding panel.
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Scatterplots of TV and MiB before normalization
T

Minimum backscatter, MiB [dB]
o
o

1 2 3 4 S 6
Temporal variability, TV [dB]

a) TV vs MiB (before normalization)

Minimum backscatter, MiB [dB]

0 Scatterplots of TV and MiB after normalization at 50 degree

1 2 3 .4 — 6 - 7
Temporal variability, TV [dB]
b) TV vs MiB (after normalization)

Fig. 8. Density plot of TV and MiB for all pixels the entire study area.

The different behavior of TV and MiB over
water and land is further shown by the density
plots in Fig. 8 for the study area. The
combination of TV and MiB (after
normalization) better than the combination of
Tv and MiB (before normalization): It showed a
clear separation between the water and other
land cover. Water present high TV and low
MiB in consequence of the strong variability of
the SAR backscatter in time and low return at
high local incidence angle and under calm
conditions resulting in specular reflection in the
forward direction, respectively

4. Permanent Water body classification
methodology

The scatterplots of TV and MiB for all
pixels in the entire study area showed symmetry
of TV and MiB (after normalization at 50°) for
water and non-water with respect to a diagonal
line represented by linear equation of increasing
TV for decreasing MiB. A simple thresholding

rule in the feature space of TV and MiB seemed
to be sufficient to extract permanent water areas
from non-water areas. In this study, we defined
the thresholding rule as the diagonal line that
was at equal distance from pre-defined clusters
of “pure” and “pure” land based on training
dataset.

Equation (2) corresponds to the diagonal
line representing the threshold in the feature
space of TV and MiB:

Y =-2,71x -17.5 )

Here, x represents the TV in dB and y
represents the MiB in dB.This thresholding rule
was found to yield a very good separation
between pure land and pure water in the
Mekong River Delta study area (Fig. 9).
Ultimately, we preferred setting up a simple
classification approach to understand the
potential of the TV and MiB to separate water
and non-water rather than proceeding with a
more complex algorithm already available in
current investigations.
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0

Scatterplots of TV and MiB after normalization at 50 degree

Minimum backscatter, MiB [dB]

£271x— 17,5

Temporal variability, TV [dB]

Fig. 9. llustration of the water body mapping algorithm. Decision rules are represented by the Red diagonal line.
The water and the non-water regions in the feature space of the TV and MiB are masked according to red line.

MAP OF PERMANENT WATER BODIES
(Mekong River Delta)
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Fig. 10. Map of permanent water bodies in Mekong River Delta.
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5. Assessment of permanent water body
mapping accuracy

Verification of the permanent water body
maps obtained from ENVISAT ASAR WSM
data is provided in the form of percentages of
agreement with respect to the samples extracted
from ground reference data created after
combining Landsat time series data and land
use land cover map conducted in 2010.
Regardless of the reference dataset, we use the
terms of user’s and producer’s accuracy (UA
and PA) as defined in to quantify the agreement
between time series parameter retrieval from
SAR-based classification and a reference
dataset.

The goal of object detection is usually a
distinction between two classes, object and
background. Comparing the results of the
automated extraction to reference data, an entity
classified as an object that also corresponds to
an object in the reference is classified as a True
Positive (TP). A False Negative (FN) is an
entity corresponding to an object in the
reference that is classified as background, and a
False Positive (FP) is an entity classified as an
object that does not correspond to an object in
the reference. A True Negative (TN) is an entity

belonging to the background both in the
classification and in the reference data [13]. The
confusion matrix has a very simple structure.
Two metrics for the quality of the result, the
Completeness (Comp) is referred to as
Producer’s Accuracy, and the Correctness
(Corr) also referred to as User’s Accuracy [14].

[TP]

Comp=——a——— 3)
[TP[|+[[FN]
[T
Corr = 4
[TP[+[FP]

A good classification should have both a
high completeness and correctness. The Quality
of the results provides a compound performance

metric that balances completeness and
correctness.
Quality=—1T°1
[P+ [[FP]+[FN]
Quality = Comp = Corr

Comp + Corr —Comp *Corr

Table 2. Accuracy assessments of permanent water

bodies class
Comp Corr Quality
Water 97.3% 96.0% 93.7%

(a)

(b)

Fig. 11. (a) Ground truth data; (b) classified result; (c) Ground truth data overlay with classified result.
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6. Conclusions

In this study, we looked at the potential of
SAR multi-temporal metrics for permanent
water body retrieval with particular regard to
discriminate between open water bodies and
other land cover. The SAR dataset consisted of
C-band ENVISAT ASAR WSM images
because of high frequent, large-area coverage,
easy access and moderate spatial resolution.

A simple thresholding algorithm based on
the temporal variability (TV) of the SAR
backscatter and minimum backscatter (MiB)
after normalization at 50° estimated from local
incidence angle, slope, intercept of 22 images.

While this study focused on mapping
permanent water bodies, the approach presented
here is in theory applicable also to monitor the
dynamic of water bodies by using spatio-
temporal SAR data from selected time window.
Assessing the detection of water surfaces in
consequence of temporary events like
inundation and flooding would require dense
time series of measurements in correspondence
of specific event. The upcoming of very high
frequent observations of Sentinel-1 data could
be used to demonstrate the capability of time
series of short-term TV and MiB to track water
dynamics in tundra regions.
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Nghién ctru kha ning chiét tach nudc bé mit tir dir liéu vién
tham Radar da tho1 gian khu vue dong bang song Cuu Long

Nguyén Ba Duy, Tran Thi Huong Giang

BPai hoc M6 - Bia Chét Ha Néi

Tém tat: Vién tham Radar véi nhiing uu diém ndi troi nhu kha ning chup xuyén may, khong phu
thudc vao diéu kién thoi tiét va chu trinh ngay dém da duoc sir dung rong rai dé chiét tach nude bé mit
cling nhu dugc ap dung trong viéc theo doi muirc d6 1 lut & nhiing noi ¢6 may che phu thuong xuyén.
Nang luong tan xa tu bé mat nudc duge ghi nhan tai bd cam Radar thong thuong rat nho, do bé mat
nude c6 dic diém phiang nhu mit guong, tin hiéu Radar t6i twong tac v6i vé mét nude s& phan xa hoan
toan, do d6 din t6i ning luong trd lai b cam Radar gan nhu bang 0. Chinh vi Ii do ndy ma bé mit
nude bé mit xudt hién trén anh Radar thuong c6 nén mau tbi. Tuy nhién, do anh hudng cta goc t6i cuc
bd va gié giy ra mot do nham nhét dinh cua bé mat nude dan dén tin hiéu quay trd lai b cam SAR
cao bat thuong , thdm tri gia tri tan xa nguoc tir mat nudc con cao hon so voi tan xa tir cac ddi tuong
thue phua khac. Mt khac ddi v6i khu vire ddng bang song Ctru Long 13 viing ¢6 muia mua kéo dai (bat
dau vao thang 5 va kéo dai cho dén thang 11 hang nim), két qua 1a hau hét cac khu vuc canh tac nong
nghiép déu ngp trong nudc va vi thé tai cac khu vuc ndy trén anh Radar c6 gid tri tan xa thip, bang
véi gia tri cliia cac dbi tuong nudce bé mat. bay 1a mét thach thirc khi thyc hién viée chiét tach nuéc bé
mit tir dir liéu anh SAR. Bai bao nghién ctru kha nang chiét tich nudc bé mit trén co s xir Iy dir liu
vién tham Radar da thoi gian. Dir liéu vién tham ENVISAT ASAR, kénh C, chup vao mua kho da
dugc lya chon va sir dung trong bai bo nhiam lam giam thiéu anh huéng cia diéu kién khi tuong
(gi6). Anh hudng cua goc t6i cuc bd duoc loai bé trén co so st dung hé sb goc (46 dbc) p duoc xac
dinh tir liéu da thoi gian. Gid trj tan xa nguoc dugc chuén hoa vé vé gbc t6i 50° trén co so gi tri tn xa
nguogc ban dau va gbc téi cuc bg. Sau do, tir dit liéu da thoi gian sau khi chuén hoa duoc 1§y cuc tri
(cuc tiéu). Dua trén co s& phén tich ba thong sb duoc chiét tach tir dit liéu da thoi gian, bao gdm hé sb
goc (46 doc) B, d6 1éch chuan (STD), va gia trj tan xa cuc tiéu (MiB), cho thdy tan xa cuc tiéu khi két
hop vai do 1éch chuén cho phép chiét tach nudc bé mat v6i do chinh xac cao nhit boi st dung thuat
toan phan ngudng don gian.
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