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Abstract

Flood is a perennial problem plaguing large parts of the country. Assam is one of the worst affected states that is
suffering from flood and Lakhimpur is one of the districts in Assam which experiences frequent floods because of
the river Subansiri and its tributaries, which emerged from Arunachal Pradesh, create flood havocs during monsoon
period. Remote Sensing is a very reliable and expeditious technique for assessment and mapping of flooded areas.
This study introduces to generate flood inundation maps using combination of Synthetic Aperture Radar (SAR)
imagery and Geographic Information Systems (GIS) for flood event of Lakhimpur District, Assam, India. Damage
assessment of the study area due to the flood was also performed. The flood inundation areas were extracted from
SAR images (Sentinal-1A, ALOS PALSAR-1) by several image processing techniques. Histogram or radiometric
thresholding techniques was used in this study to extract the flood extent from SAR images. Band ratio based
Normalized Difference Water Index (NDWI) was used to extract the water bodies from Lansat-8 imageries.
Thresholding of NDWI for optical image and SAR images was done using respective histograms to distinguish
water and terrestrial features. To extract the actual flooded area, the water body maps generated from Landsat-8
was multiplied with their respective water maps generated from the SAR imagery. Assessment of damage due to
flood was performed using flood inundation and land use land cover changes. The result shows that crop land
(203.25 km2) and around 85 villages are under the flood affected area. This study shows that integration of SAR
data and GIS environment can be exploited in an efficient way to predict and map the flood areas.
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1. Introduction
Floods are considered the most significant natural

disaster affecting from the perception of their
frequency, financial cost and most importantly the
impact on the population and the disruption to socio-
economic activities. Flooding refers the inundation of
an area by unexpected rise of water by both dam failure
or extreme rainfall duration and intensity in which life
and properties in the affected area are under risk. India
has multiple river systems that are frequently flooded
due to intense precipitation events during the Indian
Summer Monsoons (Patro et al. 2009). The Subansiri
River Basin in Lakhimpur, Assam is a low lying, paddy

growing area that is flooded almost annually. The River
Subansiri and tributaries, which emerge from Eastern
Himalaya, create flood havocs in Lakhimpur district
during monsoon period, these rivers are over loaded
due to heavy and continuous rain spells lasting for
several days together. As a result, high floods occur in
the Lakhimpur district, mainly because of breaching
of embankments and overflow of the rivers.There is
one problem with the use of conventional passive sensor
satellite imagery for flood inundation mapping as floods
occur during or immediately after periods of heavy
rainfall. In India, generally flood occurs during
monsoon period and at that time due to the cloud cover,
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optical remote sensing image has their limitation in
mapping the flood extent, so radar image can be used
for accurately mapping the extent of flood (Thakur
&Sumangala, 2006). The active Synthetic Aperture
Radar (SAR) sensor allows acquisition of images
independent of cloud cover, so in many studies,
combination of Geographic Information System
(GIS), SAR imagery, high resolution digital elevation
model (DEM) gives the flood inundation map with
flood depth. This study introduces to generate flood
inundation maps using combination of Synthetic
Aperture Radar (SAR) imagery and Geographic
Information Systems (GIS) for flood event of
Lakhimpur District, Assam, India.

2. Objectives

The broad objectives of this study are:
To generate the flood inundation maps using
combination of SAR images in GIS environment.
To assess the flood damage based on flood
inundation.

3. Study area
The study area is in the north-eastern region of

Lakhimpur District of Assam state and is located at
26o492  North to 27o302  North latitude and 93o422  East
to 94o352  East longitude. The area is bounded on the
North, North East and North West by Arunachal
Pradesh, on the South the mighty river Brahmaputra
and its branch “LuitKherkatia” along with the formation
of largest River Island of the world - The Majuli; on the
West Sonitpur district and on the East -Dibrugarh district.
The total area of the district is 2,277 sq. km. The district
consists entirely of a new alluvial plain lying to North
West and Norht of mighty Brahmaputra river and its
branch “LuitKherkatia”. The tributtaries of Brahmaputra
viz. Dikrang, Subansiri, Ranga, Ghagor, Sissi, Kahara
and Tangari etc. flow through  the heart of the district
and all originated from Arunachal Pradesh, while
tributaries of Subansiri viz., Charikuria, Kunatiya and
Jiyadhal along with “Ghanasuti” - a branch of Subansiri
meeting once again to that river, flowing well within the
district. Figure 1 shows the study area.

Fig. 1: Location map of the study area
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4. Data and software’s used
The detail of the datasets and utilities are given

in the table 1.

5. Software used
ArcGIS 10.1
Erdas Imagine 2014
Envi 5.3
SNAP
NEST

6. Methodology

The first component of the methodology deals
with the identification of flooded areas using Satellite
imagery. ALOS PALSAR-1 of 6 August 2013 and
Sentinal-1A of 24th August, 2014 and 4th September,
2015 were the datasets used for the identification of
the inundation extent. The respective spatial resolution
of the ALOS PALSAR-1and Sentinal-1A SAR
datasets were 12.5 and 10 m.

Sentinal-1A Ground Range High-resolution Dual-
polarization (GRD-HD) SAR images acquired on
September 2017 was downloaded from Alaska Satellite
Facility. Images were imported in Sentinel Application
Platform (SNAP) for calibration. The output calibrated
imagery was then converted to backscatter images by
converting the band of the Sigma0 images. The output
product was saved and imported in NEST DAT 5.0 to
define projection of the images. The images were
reprojected to UTM WGS 1984 Zone 46N. Median
filter of 5*5 was applied to the images. Image to image
registration was performed on the Sentinel-1 images
with respect to the Landsat-8 MSS images in ERDAS
IMAGINE. Due care was taken to keep the RMS
error less than 1, while reprojecting sentinel-1 data with
reference to Landsat-8 data.

For flood inundation mapping the SAR and
LANDSAT imagery has been widely used. The SAR
imagery has been mostly used to detect the water pixel
whereas the LANDSAT have been used for pre flood

Sl.No Datasets Data used Spatial Resolution Source

1. Landsat-8 LULC map 30 m USGS Earth Explorer

2. LISS-IV Damage assessment map 5.8 m NRSC

3. Cartosat-1 Damage assessment map 2.5 m NRSC

4. Sentinal-1A Flood area mapping 10 m Vertex.daac.asf.alska.edu

5. ALOS PALSAR-1 Flood area mapping 12.5 m Vertex.daac.asf.alska.edu

Table1: Data used for the present study

map. . Different approaches were used to extract the
water pixel during the flood from the SAR images of
different time period. Histogram or radiometric
thresholding is the most primitive and the simplest
approach to water extract from remote sensing data.
For thresholding techniques the DB values for land
and water were observed for all imageries and set the
threshold value. The DB values for land and water
were observed for Sentinal-1A imageries and a
threshold value of -18 was set for 24th August, 2014
and -20 for 4th September 2015. Again to extract the
water pixels from ALOS PALSAR-1 imageries, a
threshold value of -20 was set for 6th August 2013.
Then, the LANDSAT 8 imagery has been used for
detecting the water bodies of pre flood condition. Here,
the Normalized Difference Water Index (NDWI)
technique has been applied. It is a band ratio that helps
in detecting the moisture content in soil and vegetation.
In this study to extract the water bodies in the study
area NDWI was used.  Normalized Difference Water
Index (NDWI) developed by McFeeters (1996) was
used to extract water pixels from the multispectral
images and to enhance their presence in the imagery.
NDWI is calculated as follows:

After that the threshold condition applied in
ERDAS Model Maker to extract water pixel from
NDWI image. The models that have been used is

EITHER $n7_ndwi IF ($n7_ndwi > 0.20) OR 0 Otherwise
The condition sets the threshold value of water

pixels having a NDWI value greater than 0.20. All
other pixels with values less than 0.20 will be classified
as 0 and appear dark, while pixels above the threshold
value appear bright and will be classified as water.
Thus, a water body mask has been generated using
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the NDWI image of pre flood days. Finally, to extract
the actual flooded area, the water body maps generated
from the Landsat-8 imagery was multiplied with their
respective water maps generated from the SAR
imagery.

Apart from this, a number of other layers like
LULC, village, transport network, crop area etc has
been generated using high resolution satellite images
of different time period. Overlay operation has been
done to show the damage due to flood in the study
area.
7. Results
7.1 Flood Inundation Mapping

The flood inundation maps are prepared by many
different approaches from the SAR imagery. ALOS
PALSAR-1 of 6 August 2013 and Sentinal-1A of 24th

August, 2014 and 4th September, 2015 were the

datasets used for the extract the flood extent.Histogram
or radiometric thresholding is the most primitive and
the simplest approach to flood delineation from remote
sensing data. Image histograms for flooded areas are
usually bimodal. The value at the trough of this bimodal
histogram was chosen to classify the image into a
binary flood map. The problem with such an approach
is that some speckle errors in SAR data that the
filtering couldn’t remove are misclassified as flooded
pixels. These equivocal pixels need to be reclassified
manually to the non-flooded category, by recoding. For
the 2015 event a DN image was used and the threshold
was set at -20 after testing various other thresholds
for suitability. The 2014 image was used in the
backscatter format i.e. db values and the threshold
value were fixed at -11 db after testing various other
values.

Figure 2: Flood Inundation on 6thAugust, 2013



Figure 3: Flood Inundation on 24thAugust, 2014

Figure 4: Flood Inundation on 4thSeptember, 2015
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It has been observed from the map that the most
of the area under flooding has been occurred in the
south western part of the Lakhimpur district. The areal
distribution and intensity of flooding has been observed
more in 6th Aug, 2013 then in 24th Aug, 2014 and 4th

Sep, 2015. It has been estimated that the total area
under flood except the river water, wetlands and ponds
in 2015 is 345 km2 while in 2014 and in 2013, it was
393 km2 and 447 km2 respectively. In 2013, the area
where maximum flood has been occurred is mostly
comprised of the low-lying areas near the Brahmaputra
River. Due to excessive amount of rainfall in the hills,
there was a tremendous pressure on Brahmaputra
River from its tributaries during that time. As a result,
the low lying areas have been heavily flooded with
water. Again in the year 2014 and 2015, the inundation
has been mostly caused by the flooding in Subansiri
River. It has been observed that during the recent times,
the flood scenario in Subansiri River has been grown
up to a greater extent.

8. Flood damage assessment

The seriousness of any hazard cannot be assessed
fully without having knowledge of damage and impact
on land and water on the one hand, and the socio-
economic life on the other. Like flood of other areas

of the Brahmaputra and Barak valleys in Assam, the
floods of Lakhimpur district have also their damaging
effect on land, water and people of the district. There
is clear evidence that in the last two decades the floods
in the district are getting bed to worst in respect of
damage.Floods occur every year in the study area in
the monsoon season due to heavy rainfall.

The damage assessment of the study area has been
studied by the overlay of flood inundation map of three
consecutive years over the village map of the district. It
has been observed that 85 numbers of villages have
been inundated by the flood either any of the years
considered for the study. Among the main villages that
have been highly affected are Jamuguri, Mazgaon,
Borbil, Tintia, Banmukh, Misamora, Sonaribari, Kachi
Kata Pathar, Kenduguri, Telahi, PuraniBahgora,
BahgoraDeuri. These villages have been totally under
flood during the flood period for nearly 10 days. It has
been reported from the primary survey that 11 lives has
been lost and more than 100 numbers of domestic animals
have been died during the event. The official statistics
estimated a property loss of 34.5 lakhs in these villages.
The other villages that have been partly affected during
the flood are Miligaon, DakhinChapori, Moderguri,
Bhalukaguri, MohghuliChapri, Banglachapori,
GoroimariChapori and Bahpara Gaon.

Figure 5: Flood Inundated villages in study area
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Again more than 70 percent of total population
of the Lakhimpurdistrict is engaged in agricultural
activities. But unfortunately the tillers of the land in
the district suffer from heavy losses of their standing
crops during the heavy flood periods. Again, the lands
owned by the peasants near the river banks which are
more to most vulnerable to erosion are eaten by floods
very frequently. To study the agricultural damage the
LULC map of pre flood event have been prepared
using LANDSAT 8 imagery of the year 2015. From
LULC map, the crop land has been identified separately

using the clip tool in GIS environment. It has been
estimated that a total area of 203.25 km2 have been
submerged under water due to the occurrence of flood.
The crops that have been raised during that season
are mainly of variety of paddy of kharif season which
is called to be the backbone of Assamese society. The
farmers of the study area that have practiced the
intensive cropping in a smaller size of land holdings
have been mainly affected by the occurrence of flood
because of non-availability of alternatives for their
livelihood.

Figure 6: Flood Inundated Crop areas Map of the Study Area
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Apart from this the transport and communication
has been also adversely affected by the occurrence
of flood. Most of the metal and village roads have been
broken as they have been submerged under water

continuously for more than eight days. The
Jengairimukh-BaghmaraGaon road has been totally
devastated and these villages have been detached from
the rest for many days.

Fig. 7: Transport Network having Flood Inundation in the Study Area

9. Conclusion
The paper elucidates that the flood inundation

mapping and damage assessment can be well
understood by using Remote Sensing and GIS
technology. It is observed that quality results have been
derived from the mapping of SAR images using
thresholding techniques based on which a possibility
of inundation map has been created based on the
possibility of flooding of each pixel. It is found that
during the study period, most of the flood has been
occurred in the south eastern part of Lakhimpur district
causing mainly from inundation in Brahmaputra and

Subansiri River. The Villagers near to this region has
been adversely affected in terms of crop damage,
damage in transport and communication and scarcity
of food, drinking water, health and hygiene etc. It has
also been estimated that a large number of loss of
property and lives has been found in the flood affected
areas during the event. Therefore considering the
present trend of increasing flood occurrence, this kind
of near real time study of flood monitoring, mapping
and damage assessment could be useful to the planners
and other respective departments of state and central
governments.
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