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ABSTRACT: Malaysia experienced flood almost every year, however, rain gauge and weather
radar used to observe flood are not adequate. Satellite like Synthetic Aperture Radar (SAR) and
multispectral imaging could potentially use to support classifying water areas. However, frequent
monitoring combining this individual image could result in inconsistent water area output by time.
Since processing big data is a time-consuming and labor-intensive task, a fully automatic and robust
approach image classification is required. The objective of this study is to develop an automatic and
robust method to spatially and temporally classify surface water from a set of a continuous multi-
satellite dataset based on the 2017 North region flood case in Malaysia and secondly, to reduce their
inconsistency when integrated. In this study, we use an automated flood extraction system by using
weight averages of Neighborhood Valley-Emphasis Otsu’s threshold values on the total backscatter
of HH and HV of ALOS-2 images and total backscatter of VV and VH of Sentinel-1 images. An
automatic Otsu thresholding from four different water indexes used to extract surface water from
multispectral images. These water indexes are NDWI, MNDWI, AWElInsh, and AWEIsh and the
best selected to delineate surface water extent from multispectral images. This automatic
classification implemented using the Google Earth Engine platform. The result shows that MNDWI
is the best water index for automatic delineation of surface water extent for Landsat 7, Landsat 8,
and MODIS while NDWI is use to automatically delineate surface water extent from Sentinel 2
images. The result also shows that the extracted surface water from multispectral images using the
OTSU threshold from a stable water index can successfully reduce the inconsistency with a set of
multiSAR images when integrated. The model can be very useful in quickly understanding the
changes in water bodies by the time during flood events from multi-satellite, but further validation
is required for accurate mapping.

1. INTRODUCTION

In Malaysia, floods occur almost annually and bring the greatest damage. The topography and
drainage of Malaysia including its human settlement and land-use patterns causing Malaysia to be
very prone to flood risk. In general, flood in Malaysia classified into four types, which are “flash
flood”, “monsoonal flood”, “river flood” and “tidal flood”. Flash floods are most commonly occur
in the urban area. Flood frequency and magnitude have been increasing due to the rapid development
around river basins, which has cause river capacity to reduce in this current year. Flash flood has
been severe and a serious problem in the urban area. During the monsoon season, Malaysia receives
an average of more than 3000 mm of rainfall. Riverine and lowland coastal areas are highly exposed
to flood risk. Tidal floods also one of the factor of a major flood in a coastal area and the flood
become severe when the high tide occurs at the same time with heavy rains or strong wind. Major
flood recorded in Malaysia area in the years 1926, 1963, 1965, 1967, 1969, 1971, 1973, 1979, 1983,
1988, 1993, 1998, 2005, December 2006, January 2007, 2010, 2014. 2017 and 2019.

Surface water can be defined as any water body found on the surface of the earth, this includes a
freshwater lake, river and streams, and saltwater in the ocean. The changes in surface water mapping
are a significantly important parameter for the application of water resources and natural hazard
management during flood events. Patterns of flooding and flood risk and its impact can be described
based on surface water extend mapping. Flood extend map can be acquired from both optical satellite



images and Synthetic Aperture Radar (SAR) images.

There is four common water classification method from optical remote sensing images (Ji et al.,
2009). Which are thematic classification (Lira, 2006), linear unmixing (Sethre, Rundquist, &
Todhunter, 2005), single-band thresholding (Jain, Singh, Jain, & Lohani, 2005), and two-band
spectral water indices (Jain et al., 2006, McFeeters, 1996, Rogers and Kearney, 2004, Xu, 2006).
The most common method used for water extraction is thresholding from single and two-band
indices because this method required less time to complete (Ryu, Won, & Min, 2002). Manual
classifications are relatively slow and subjective to bias due to misinterpretation of the satellite
images.

There are several water indexes used to delineate open water features, which are Normalized
Difference Water Index (NDW!I), Modified Normalized Difference Water Index (MNDWI), and
Automated Water Extraction Index (AWEI). NDWI uses green and near infrared (NIR) to
delineate water features (McFeeters, 1996). (Xu, 2006) proposed MNDWI where a normalized
difference of green and shortwave infrared (SWIR) band is used to overcome the limitations of
NDWI which are NDWI cannot efficiently discriminate built-up surfaces signal and 0 value of
threshold from NDW!I cannot accurately distinguish water and built-up pixels. By using SWIR
better water feature detection can be obtained because SWIR is more sensitive to the NIR.
However, these two water indexes not made to separate water shadow surfaces. (Feyisa et al.,
2014) proposed another two versions of water indexes, which are AWEInsh an automated water
extraction index with no shadow, and AWEIsh an automated water extraction index with shadow.

Google Earth Engine (GEE) is a Google cloud geospatial processing service. GEE is more
convenient than traditional geospatial processing service since it is open for public, simple
algorithm development, and able to process the batch of satellite image data. By using this
platform, big data geospatial images can be processed and analyze with less time consuming and
less laborious task.

The objectives of this study are first, to develop a stable an automatic, and robust method to
spatially and temporally classify surface water from a set of continuous data of multi-satellite
based on the 2017 North region flood case in Malaysia and secondly, to reduce their inconsistency
when combined.

2. MATERIALS AND METHODS

2.1 Study area

Perlis is located at latitude 6° 26' 36.9204" N and longitude 100° 12' 59.7564" E as shown in Figure
1. The total area of Perlis is 819 km?2 and a catchment area of 724.4 kmz2. Perlis is comprised of three
districts, which are Arau, Kangar, and Padang Besar. The topography of Perlis mostly flat with less
than 61 meters above sea level. Perlis experience rainfall from April to May and August to October
with average rainfall per year ranges between 1704 mm and 2005 mm. In this study, only Arau and
Kangar chose a study area because of only these two areas reported in the Department of Irrigation
and Drainage Flood Annual Report 2017/2018 facing flood twice in the year 2017/2018.
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Figure 1 Location of the study area
2.2 Data used

The main data sources in this study decided based on a flood case in September 2017. Continuous
heavy rainfall starts on 15 September 2017 and continues until early October 2017. This is due to the
current atmosphere in a wet condition all week and due to the influence of Typhoon Doksuri, which
is located in the north of Vietnam on 15" September. In general, during this time, Malaysia is at the
end of the southwest monsoon and it is in a weak state. Typhoon Doksuri causing the concentrated
wind direction and high humidity causing continuous heavy rainfall for two weeks. Besides, a big
high tide phenomenon that happens at the same time with heavy rainfall causing the major flood to
occur. Any available Multispectral and MultiSAR images from 1% September to 31st October are
selected to create a frequent mapping of surface water extent.
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Figure 2 Temporal coverage of ALOS-2, Sentinel-1, Sentinel-2, Landsat 7, Landsat 8, and
MODIS data acquired over the study area during the flood event.

MultiSAR used in this study are images from ALOS-2 and Sentinel-1 satellites. The ALOS-2 image
use in this study is a high sensitive 6m resolution image with 14 days revisit time. We used both HH
and HV of the 28" September 2017 image and it is in the ascending mode. Sentinel-1 is a C-band
SAR data with a revisit time of 6 days and high spatial resolution with a resolution of 10 m. We use
VV and VH polarization from each image and both ascending descending images are included to
achieve high temporal coverage.

Multispectral images are from Sentinel-2, Landsat-7, Landsat-8, and MODIS MODOQ9AL. Sentinel-
2 revisit period is five days. Sentinel-2B launched on March 7, 2017. The Sentinel-2 image has a
different spatial resolution on each band. Due to its different spatial resolution size for the SWIR



band, we decide only use NDWI on the Sentinel-2 image. We use only green band B3 (560 nm) and
its near infrared is B8 (842 nm) with both 10m spatial resolution.

For Landsat 7 carries the Enhanced Thematic Mapper Plus (ETM+) sensor and has acquired and
delivered data with data gaps caused by the Scan Line Corrector (SLC) failure. It has 30 m spatial
resolution and the image we utilized in this study are Band 1 Visible (0.45 - 0.52 um), Band 2 Visible
(0.52 - 0.60 pm), Band 4 Near-Infrared (0.77 - 0.90 um), Band 5 Short-wave Infrared (1.55 - 1.75
pm) and Band 7 Mid-Infrared (2.08 - 2.35 pum).

Meanwhile, Landsat 8 carries the Operational Land Imager (OLI) and the Thermal Infrared Sensor
(TIRS) instruments. Band 2 Visible (0.450 - 0.51 um), Band 3 Visible (0.53 - 0.59 um), Band 5 Near-
Infrared (0.85 - 0.88 um), Band 6 SWIR 1(1.57 - 1.65 pum) and Band 7 SWIR 2 (2.11 - 2.29 um). All
of these images are 30 m resolution.

The MODIS Terra MODOQ9AL is an 8-day product (http://LPDAAC.usgs.gov) starting from the 6
September 2017 used in this study. The layers used from the MODO9AL product are the surface
reflectance band 2 (841-876 nm), surface reflectance band 3 (459-479 nm), surface reflectance band
4 (545-565 nm), surface reflectance band 5 (1230-1250 nm), and surface reflectance band 6 (1628-
1652 nm). All of these multispectral images data are available on GEE, which enables a quick and
multi-scale analysis.

2.3 Flood classification from MultiSAR

The proposed methodology for multi-temporal cloud detection based on our previous work
(Husniyah & Masahiko, 2019). The extraction of surface water from SAR images are categorized
into pre-processing, selection of water references, automatic thresholding using python, selection
of bimodal histogram from the water references then we extract the surface water based on the
average value of threshold of water references with histogram with bimodal shape then finally, we
crop the region of interest and calculate the area of surface water.
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Figure 3 Flowchart for Sentinel-1 and ALOS-2 image processing.



2.4 Flood classification from Multispectral
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Figure 4 Flowchart for Sentinel-2, Landsat-7, Landsat-8, and MODIS image processing.

Figure 4 shows a framework using the Google Earth Engine platform automatically extract surface
water with the Sentinel-2, Landsat 7, Landsat 8, and MODIS data.

We select four water indexes to extract surface water from remotely sensed data, which are
Normalized Difference Water Index (NDWI) (Gao, 1996), the Modified Normalized Difference
Water Index (MNDWI), and the Automated Water Extraction Index (AWEIsh) shadow and
Automated Water Extraction Index (AWEInsh) no shadow. We used the Otsu threshold
adjustment algorithm, which is widely used in water extraction to test the extraction effect of
different water-indexing methods on the surface water extent. The best delineation chosen to
represent the water index for future study.

2.4.1 Image processing using Otsu threshold

Gennadii et al. (2016) proposed the unsupervised classification step based on the local adaptive
threshold detection method. The segmentation of the water from the spectral index was build based
on the extension of the Otsu method by a Canny edge filter where the number of input pixels only
to those located near water-land edges. Using the morphological dilation, water and land pixels
located near water computed and applied to the detected edges. In the case of thin, single-pixel wide
water bodies’ skewed distribution might be obtained. A buffer size (dilation) equal to half of the
pixel is used to overcome the problem. A bimodal distribution is expected so that a clear distinction
of land and water can be acquired.

Using the following parameters: ¢ = 0.7, the = 0.99 for the Canny edge filter, and a structuring
element with the size 15 m x 15 m to dilate the edges and create a surrounding buffer region in a
case of two classes in the grid tile, we were able to get an almost perfect detection of water pixels.
The o and th parameters are used to define the standard deviation of the Gaussian smoothing kernel
and the threshold used to define the sensitivity of the filter, respectively.



3. RESULTS AND DISCUSSIONS
3.1 Flood classification from MultiSAR

Figure 5 shows the extracted water mask from Sentinel-1 and ALOS-2 overlay on Google satellite
image along the river line of the Perlis River.
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Figure 5 Visual comparison of sample result from a) overlay of water mask extracted from Sentinel-1
and b) overlay of water mask extracted from ALOS-2.

The extraction result shows that both can distinguish water area from the land area. ALOS-2 shows
better coverage and continuous pixel detection for the river line than Sentinel-1. Sentinel-1 shows
patchy and small water segment as compared to ALOS-2. Both images can separate the built up
which is a road located across the river. However, ALOS-2 has difficulty to detect water when the
river line is bending.
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Figure 6 Changes of surface water extent in the study area from Sentinel-1 and ALOS-2 data
between 06/09/2017 to 30/10/2017.

The changes of the surface water extent during the flood event shown in Figure 6. For this purpose,
11 radar satellites covered the study area has been used (10 Sentinel-1 and 1 ALOS-2). The
classification result shows that during preflood, which was from 06/09/2017 to 18/09/2017 the
surface water record from 32.92 km? gradually, increase from 71.10 km?2 to 119.73 kmz2. By the time
after flood starts on 21st September, the Sentinel-1 image on 24/09/2017 shows 141.86 km? of total
surface water area and increase to 164.54 km? classified based on ALOS-2 image. After the flood
ended in the early October estimate on 4™ October, the surface water extent gradually decreases from
107.47 km? to 60.29 km? at the end of October.



3.2 Flood classification from MultiSAR
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Figure 7 Visual comparison of sample image of optical data showing classified Perlis River area from each water index.




3.3 Flood classification from Multispectral
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Figure 8 Changes of surface water extent in the study area from Landsat 7, Landsat 8, and
MODIS data between 06/09/2017 to 30/10/2017 based on NDWI.
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Figure 9 Changes of surface water extent in the study area from Landsat 7, Landsat 8, and
MODIS data between 06/09/2017 to 30/10/2017 based on MNDWI.
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Figure 10 Changes of surface water extent in the study area from Landsat 7, Landsat 8, and
MODIS data between 06/09/2017 to 30/10/2017 based on AWEInsh.
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Figure 11 Changes of surface water extent in the study area from Landsat 7, Landsat 8, and
MODIS data between 06/09/2017 to 30/10/2017 based on AWEIsh.

Figure 8 to 11 shows the changes of classified surface water extent from Landsat 7, Landsat 8, and
MODIS by the time during the flood event using the threshold of NDWI, MNDWI, AWEInsh, and

AWEIsh. Based on the assessment, other water indices shows a poor performance compare to
MNDWI. MNDWI selected to represent the water index for Landsat 7, Landsat 8, and MODIS.

3.4 Integration of MultiSAR and Multispectral
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Figure 12 Changes of surface water extent in the study area from Sentinel-1, ALOS-2, Sentinel-2,
Landsat 7, Landsat 8, and MODIS data between 06/09/2017 to 30/10/2017.

Figure 12 shows the changes of surface water extent using combination of various multi-satellite.
The dataset shows a distinct preflood, during, and post flood of surface water area. Overall, there is
a distinctive trend in the total areas of water surfaces during flood, where it reached it maximum
during flood event. The model can be very useful in quickly understanding the changes in water
bodies by the time during flood events from multi-satellite, but further validation is required for
accurate mapping.

4. CONCLUSION

This paper has discussed the technique for automatic extraction of the flooded area, calculating the
surface water extent and integrate SAR and optical images. Finally, based on the analysis, MNDW!I
and optical images on google earth platform useful for a frequent and rapid water surface monitoring.
For the future work, we would like to do a fusion on satellite image captured at the same date, which



in this study is MODIS and Sentinel-1 image. We also will validate the surface water extent with
ground truth data and use the extracted surface water result for further flood application study.
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