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Abstract

Flooding is one of the natural disasters that affect the livelihood of the people living in the
floodplains, like Bangladesh. Here, we proposed to employ SAR satellite images in assessing the
flood extent and crop damage with the hydro-meteorological observations in the southwestern
region of Bangladesh. We observed that the unusual flood of the year 2000 was the combihed
effect of the huge amount of rainfall in the local areas as well as oncoming watef flows from
West Bengal in India. During late monsoon of 2000, we experienced that the . amount of rainfall
was in several magnitudes (250-450 %) than the expected over the region’ Bangladesh, one of
the largest delta in world in general experience recurrent flood evehts from the spill of the three
mighty rivers in every year. However, we observed that“dutifig 2000 the river situation was
slightly above the average year conditions and beldow\ the moderate level of flood warning
conditions, indicating non riverine flooding. Therefore, we used the SAR images in delineating
the flood extent and its damages for the standing aman crops. We observed that the flood extent
mapping was having more than 95\%, agreements with the ground data; and crop damage
information was about 75 % in_agteement with the government estimates. The flood extent and
crop damage map was_found to be useful during the unprecedented flood in the southwestern
region of Bangladeésh. \The use of near realtime SAR imageries thus would be helpful in
developing strategies for flood management and disaster mitigation activities; and could be

utilized on 'aregular basis.

Keywords: flood extent, flood damage, rainfall, water level, RADARSAT
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1 Introduction

Flooding is one of the most devastating natural hazards/disasters that account for approximately
40 % of all sorts of natural disasters across the world (Bach et al. 2011). In Bangladeshi context
(i.e., a country lying mostly at the bottom of the flood plains of three large rivers, namely the
Ganges, the Brahmaputra and the Meghna), it extensively suffers from the monsoon flodding
during mid June to mid-September every year. In fact, one or more of the following factors can
potentially cause flooding, such as: (i) upstream contributions that include famfall in the upper
catchment areas of these rivers in India and Nepal that contributes approximately 92.5 % of the
total flow, and snow melting in the Himalayas (NWMP 2001; Mirza 2011); (ii) local rainfall
(Dewan et al. 2003); and (iii) slow down of the water dischargg to the Bay of Bengal as the wind
direction (i.e., from south towards north) opposes thé dverall direction of the water flow (i.e.,
north to south or northwest to southeast) (Naryeékar and Prasanna 2014). In general, these
flooding events largely influence the livelihaod of the people living in the floodplains. For
example, Bangladesh experienced inundation with more than 60 % of the country with severe
destruction and damage to househelds, standing crops, livestock, and infrastructures during the
extreme flooding events in[ 1988, 1998, 2004, 2007, and 2014 (IPCC 2007; Ghatak et al. 2012;
Dewan 2015; Rashid and Pramanik 1993) in particular. On the contrary, a period of ‘lean’
flooding adversely/ affects freshwater fishery resources and forces the farmers to irrigate the
crops froml/alternate sources. Furthermore, the timing of the onset of flooding, its peak and
recession often determine not only the planting time of the dominant monsoon rice crop (known
as aman rice) but also the variety of aman to be planted and their respective yield. In general,
two types of aman crop grow in Bangladesh i.e., broadcast and transplant aman, which account

approximately 38.9 % of the total rice production (BBS 2015). The broadcast aman are sown
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during April/May in low lands (seasonal flood inundation over 180 cm), and transplant aman are
planted during late June/July in medium high to high lands (seasonal flood inundation not more
than 90 cm); and both of the aman types are harvested during November/December (Rahman et

al. 2012; MPO 1987; Bhuiyan et al. 2004).

In order to comprehend and develop management strategies, we must have flood nmenitoring
mechanism in place. In this context, Bangladeshi National Agencies such“as the Flood
Forecasting and Warning Centre (FFWC), Bangladesh Water Development,Board (BWDB), and
Bangladesh Meteorological Department (BMD), regularly , aneasure hydrological and
meteorological conditions (i.e., river discharge/water levelsand ainfall in particular) at selected
sites. Then, FFWC employs mathematical models-in ‘order to generate potential flooding
scenarios intent to distribute among the various stakeholders. In general, these models require
detailed information about watershed charagteristics derived from digital elevation model, land
use/land cover map from ground/satéllite~-data, and soil characteristics. In addition, point-based
measurements of water level and, discharge, temperature, relative humidity, wind speed and
direction, and precipitation,fegimes are also required. Thus, acquisition of these data in near real
time-basis are not only ghallenging but also quite expensive and labour intensive. In addition, the
gauge stations are often displaced during the severe flooding events. One of the alternate data
sources could{ be the use of satellite-based remote sensing data/imagery, which has been
employed successfully in comprehending flooding monitoring purposes (Veiga et al. 2016; Bach
et al. 2005; Yilmaz et al. 2010; Wu et al. 2014). This is the case as remote sensing platforms are

capable of acquiring images of the earth’s surface at a regular intervals, thus provides an
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enormous opportunity to monitor the dynamics at both landscape and temporal scale (NRCAN
2016; Hoque et al. 2011; Bhatt and Rao 2016).

In case of remote sensing, there are two broad types of platforms, such as optical and radar
remote sensing. For optical platforms, they acquire the surface reflectance regimes over the
visible (i.e., 0.4-0.7 um) and short wave infrared (i.e., 0.7-2.5 um) spectral bands; and (use to
define flooding extent maps (Klemas 2014; Lamovec et al. 2013; Qi et al. 2009). However, these
satellites depends on the sunlight to illuminate the earth surface and unable to ‘view the earth
surface under cloudy sky conditions, which is often a dominant factor during the flooding time
period. For example, Veiga et al. (2016) found that the Landsat ETM+ Optical sensor acquired an
image on 20 June 2013, that coincided with the peak of the.20%3 devastating flooding over the
Bow River Basin in Calgary, Alberta, Canada. Despitej\the image was completely useless as it
was unable to depict the flooding dynamics due to extremely heavy cloudy sky. On the contrary,
the radar platforms (in particular to the actiyé,ones) are capable of imaging during both day or
night (i.e., independent from the Suf) as an illumination source), and under any weather
conditions (e.g., haze, light rain, snow, clouds, or smoke) (Nirupama and Simonovi¢ 2002; Bates
2012). Some of the examples of flood extent estimation using radar images are worthwhile to
describe briefly. Fof\example, Kiage et al. (2005) employed multi-temporal RADARSAT-1 SAR
images to detect flooded areas in coastal Louisiana after Hurricane Lili. Mason et al. (2012) used
TerraSAR-X) to detect flooded areas around Tewkesbury, U.K, by calculating an average
intensity-based optimal threshold that would segregate water/flooded objects from the non-
flooded ones. Brivio et al. (2002) used two ERS-1 SAR images, i.e., one collected one month

before and the second one was just after the 3 days of the flooding event that occurred in 1994
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over Regione Piemonte, Italy. In this case, they employed both visual interpretation and two
different thresholding techniques in order to derive a flooding extent map.

During the late September of 2000 (i.e., that fell beyond the normal time of flooding period), an
extremely unusual disastrous flooding event took place in the southwest region of Bangladesh. In
fact, late monsoon rainfall within the catchments of the river basins in neighboring India
triggered this event, which created catastrophic damages to the standing crops and Jivelihood of
the people living in the floodplains in the downstream reaches within Bangladesh. Thus, the
overall objective of the study was to comprehend the dynamics of these particular flooding event
primarily using radar remote sensing data such as RADARSAT\ ScanSAR multi-temporal
images. The specific objectives were to analyse the: (i) impactiof local rainfall (i.e., within the
study area; see Fig. 1) in this particular event using \ground-based precipitation data; (ii)
contribution of upstream via interpreting the water\lévels at several key sites in the major rivers
that constitute the study area (see Fig. 1); and”(iii) extent and damage of the flooding in the
context of agriculture crop and settelément'using RADARSAT ScanSAR multi-temporal images.

Figure 1

2 Study Area and Data Requixrements
2.1 Study area

In this study, we considered the southwest region of Bangladesh that included the flood affected
districts (0f*Meherpur, Chuadanga, Jhenidah, Jessore, and Satkhira (see Fig. 1 for their
geographical extents). This particular region is, in fact, one of the least flood vulnerable areas in
Bangladesh. However, the region observed an extremely unusual flooding event during late
monsoon, i.e., after 15 September of 2000. It primarily happened as a result of the huge amount

of rainfall during the days between 18-22 September 2000 in some districts of the Indian State of
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West Bengal and Bangladesh. In India, the districts included Birbhum (1575 mm), Murshidabad
(1201 mm), and Nadia (1232 mm) in particular (Chakraborty and Chakraborty 2011); where the
regional annual average rainfall of the region (i.e., known as Gangetic West Bengal) was
approximately 1439 mm (available from http://www.rainwaterharvesting.org/urban/rainfall.htm
accessed on 19 May 2016). Consequently, the Mayurakhshi, Pagla, Pasloi, Brakkhani, and
Bhagirati basins in West Bengal were flooded and then water entered into Bangladesh. In
addition, the Mayurakshi and Damodar reservoirs of West Bengal, filled with'\water during the
monsoon, were also released (Chakraborty and Chakraborty 2011). Undex these circumstances, a
huge amount of floodwater spilled into the Kumar-Nabaganga, Begabati-Bhadra and Kobadak
system. The overflowing of the rivers Kodla and Ichhamotisandsthe contribution of local rainfall
in the study area caused flooding in the districts of Mehetpur, Chuadanga, Jhenaidah, Jessore and

Satkhira in the southwest region of Bangladesh.

2.2 Data

Here, we acquired daily rainfall \data available from the Water Resources Planning Organization
over the period 1965-2010 at 4 stations (i.e., Kushtia, Jessore, Khulna, and Satkhira). We then
calculated rainfall no¥mals at decadal (i.e., accumulation of 10 days) scale using the long-term
data; and subsequently compared with the 2000 rainfall regimes in order to determine its
deviations/ We also obtained water level data at 3 sites (i.e., Hardinge Bridge on the Upper
Ganges River, Gorai Railway Bridge on the Gorai River, and Insafnager on the Mathabanga
River) during the period 1965-2010. We used the time series data to define the site-specific
“danger level” (i.e., defined as the water level that might potentially cause damage to crops and

homesteads). In a river without embankments, the danger level would be determined on the basis
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of the annual average flood level. In an embanked river, the danger level would be calculated
slightly below the designed flood level of the embankment (FFWC, 1998). In these cases, equal
or greater water level than the danger level would initiate the process of inundating and/or

damaging the settlements and agriculture crops in the surrounding areas.

We also acquired five RADARSAT SAR ScanSAR Wide (SWB) images having 'a spatial
resolution of 50 m during the monsoon and late monsoon season of 2000 (sec Table 1 for
details). In addition, we also employed an internet preview image of IRS,[MSS (having a spatial
resolution of 24 m) acquired over the southwest of Bangladesh ony14*October 2000. In case of
the SAR image acquired on 28 September 2000, we used itto, cemprehend that huge amount of
water spilled from West Bengal, India and caused the géyastating flooding over the southwest
region of Bangladesh. In addition, we used the IRS\[MSS image acquired on 14 October 2000 to

delineate the flood damages.

Table 1

In addition to the remote s€nsing data as described above, we conducted an extensive ground
thruthing on 24-26\October 2000 over the flooded area in the southwest region of Bangladesh
aided by high rgselution remote sensing images and GPS receivers. During collection of ground
truthing data; We recorded the coordinates of the locations, took photographs and made visual
inspection of the area of interest, investigated the water marks in the large trees and settlements
for each block (i.e., areas dependent on the same resources). Furthermore, we consulted with the
local people and recorded the field information regarding flood extent, submergence/damages of

standing crop (i.e., aman), and settlements in detail at 26 sites across the study area. We also
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gathered a general overview of the landuse/landcover over approximately 3 % of the area of the
flood affected districts on an average. Figure 1 shows the locations of these field polygons on top
of the Landsat TM images of 1997. In addition, we also obtained crop (in particular to aman)
damage information at sub-district (also known as Thana)-level from the Department of

Agricultural Extension (DAE) under the Ministry of Agriculture (MoA) of Bangladesh.

3 Methods

3.1 Processing of hydro-meteorological data

We processed the historical time series of rainfall and water level data’at'daily and decadal (i.e.,
10 day accumulation) scales in view to understand the hydro-meteorological conditions of the
year 2000 and their settings with the prevailing warning systems/ danger conditions. In general,
authorities would issue rainfall warnings when the dailyMotal amount of rainfall would exceed 50
mm (FFWC 2012; EC 2016) or decadal total rainfall would exceed 300 mm (FFWC 2012). So
thus, we analyzed the year 2000 rainfall data to find the following conditions: (i) generation of
daily and decadal amount of rainfallVto understand the local drainage congestion/ flooding
pattern; and (ii) comparison with fespect to different excedence probabilities (i.e., 10, 50, and 90
% of the time, respectiyély). Upon analyzing the rainfall data, we investigated each of the

individual stations with respect to the above conditions.

In case~of water level, we investigated the setting of water levels with respect to danger levels
and |calculated the probable values at different frequencies (10, 50, and 90 % of the time); and
their relationship with the flood conditions. In Bangladesh, according to the setting of river water
levels, three categories of floods were presented (e.g., normal, moderate, and severe flood

depending on the river water level below 50 cm of the danger level; 50 cm above danger level;
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and beyond 50 cm above the danger level, respectively). In this study, we examined the setting
of the year 2000 water levels at some key stations to demonstrate the categories of flooding in
our region of interest. Note that we used Extreme Value Distribution (EVD) Type I to calculate
the probable values in both rainfall and water level analysis. The EVD Type I distribution has the

following probability density function:

f(x) = ~exp(~z — exp(—z)) (1)

where, z = (x - p)/o, x is the decadal values of the variable of intergst, [1 is the location parameter,

and o is the distribution scale (6>0).

3.2 Processing of satellite data

We co-registered three RADARSAT ScanSAR, images (acquired on 13 Aug., 06 Sep., and 30
Sep. 2000 in ascending mode) with respect to each other. Note that we were unable to co-register
the image acquired on 25 Oct. 2000, which was captured in descending mode that differed from
images. We performed the co-tegistration through necessary shifting of the images in the X and
Y direction as described'in Hassan et al. (2003). We did the shifting of each image with respect
to one reference jmage using a stable high backscattering feature. As this operation did not
involve re-sampling of the data, we were able to retain the original data values for further
analysis. YUpon co-registration, we found that the registration errors were within one pixel in both
X and Y directions. After the co-registration, we applied a 3x3 Gamma-Map filter over all the
RADARSAT images, including the descending mode RADARSAT image in order to reduce the
speckles as implemented in other studies, such as: (i) Senthilnath et al. (2013) investigated three

filtering methods (i.e., Lee, Frost, and Gamma Map) for extracting the flood extent area over
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Bihar of India, and found the Gamma-Map was the best one; (ii) Long et al. (2014) used the
Gamma-Map for mapping the flood extent over the Chobe floodplain of Namibia; and (iii)
Hassan and Bourque (2015) employed Gamma-Map for developing a wetness index over
forested areas of New Brunswick, Canada. We then georeferenced the filtered RADARSAT
images using Landsat TM mosaic image of 1997 as a reference one. It would be worthwhile’'to

mention that we found the accuracy of georeferencing within in a pixel (i.e. £ 50 m),

Upon generating a multi-temporal data set consisting of all the four RADARSAT images, we
performed an unsupervised classification called ISODATA clustering technique (Lillesand and
Kiefer 2000) in order to generate 100 classes. In this case, we set a convergence threshold equal
to 0.995 with unlimited iterations like other studies (e.g., Mosleh and Hassan 2014), where the
goal was to end the process upon achieving the convergence threshold. We then analysed the
class-specific signatures by use of ground truthing and IRS LISS data; and grouped them into
seven broad classes. Those included: (i) floeded settlements, (ii) water (except on 25 Oct.), (iii)
water on all dates, (iv) survived awiarn, (v) moderately damaged aman, (vi) severely damaged
aman, and (vii) others not affected by flooding. We then compared the RADASAT-derived
damaged aman (that included both moderate and severely ones) areas against the DAE estimates

at sub-district level!

4 Results andDiscussion

4.1 Impact of local rainfall regimes on the flooding event
Figure 2 shows the daily and decadal total rainfall characteristics for the four selected stations
with respect to their settings with local warning conditions, i.e., daily rainfall of 50 mm and 10-

day cumulative rainfall of 300 mm, respectively. It was evident from the figure that during late

Page 11 of 36



10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

September, the study area observed heavy rainfall (i.e., more than 100 mm at daily scales in all
four stations) which might create local flooding. Furthermore, the cumulative 10-day total
rainfall was also exceeded 300 mm threshold value indicating local drainage congestions/
flooding that added to the oncoming overland flow from the upper catchments from West Bengal
of India. We observed that these rainfall amounts observed within our area of interests Wwere
more than the average year conditions (i.e., 50 % of the time) in the scale of 250-450 % during

late September (see Table 2 for details).

Figure 2

Table 2

In addition, we compared the decadal total rainfall distribution with different probabilities (i.e.,
10, 50, and 90 %) (see Fig. 3). It was evident from‘the figure that in all four selected stations, the
total amount of rainfall crossed the 10 % of ¢he time (i.e., 1 in 10 year return period) during late
September. So, this high amount of tamfall distribution had a huge impact on local flooding in
addition to the extreme rainfall gvents in the upper catchment in India (see study area and data

description section).

Figure 3

4.2 Contributien of upstream water levels/flow on the flooding event

To tinderstand the river situations during year 2000 and causes of flooding, we compared the
three river stations (i.e., Hardinge Bridge at Ganges River, Gorai Railway Bridge at Gorai River,
and Insafnagar at Mathabanga River) with the danger levels. Figure 4 showed that all the upper

catchment rivers of the study area within the Bangladesh were flown below the danger levels
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during the peak flooding periods; and set up below moderate level flooding. So thus, we might
concluded that the riverine water flows didn’t cause this unusual flooding in the southwest region
of Bangladesh, rather accumulation of overland flow of rainfall from the upper catchments of
India and contributions of local rainfall in the region. Furthermore, we opted to investigate the
extent and damage of flooding using remote sensing-based imageries as described [n the
subsequent sections.

Figure 4

4.3 Extent and damage of the flooding

As mentioned, the southwest region of Bangladesh was not affected by flood over a long time
period. The region was in fact remained flood-free even during the devastating floods of 1988
and 1998 as illustrated in Fig. 5. The dark areas show the open water flooding extent in the
month August during 1998 and 2000, where Alagust would be normally the month for the largest
flooding in Bangladesh. It was apparent \that even during the period of peak flooding, the
southwest region (blue box in the images) remained unaffected by devastating flooding event in

both 1998 and 2000.

Figure 5

As describedy@atlier that this particular flooding event was a result of excessive rainfall in the
adjacent \[ndian State of West Bengal and southwestern region of Bangladesh, thus we opted to
comprehend through RADARSAT images as well. In this context, we extracted the extent of
open water (as shown in blue color) from two RADARSAT images acquired on 28 Sep. 2000
and 30 Sep. 2000 over portion of West Bengal, India and southwest of Bangladesh, respectively

(see Fig. 6 for details). In extracting such extent of open water, we classified the individual
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images separately using density slicing techniques (Knight et al. 2009; Jain et al. 2005). We
observed that the low valued pixels (i.e., the darker pixels) represented the open water category
(as seen in blue color in Fig. 5). Finally, it was evident that the floodwater entered from West
Bengal towards the southwest region of Bangladesh as this flooding event was unrelated with

compare to upstream river conditions.

Figure 7 shows the extracted signature patterns for the 7 classes (see Section,2)~We found that
the backscatterings for the water (all times) class were almost similar insall dates (13 Aug. - 25
Oct.). In case of water (except 25 Oct.) class, the backscatterings wete' less in earlier three dates
(13 Aug. - 30 Sep.) and high in late October as due to awatee drainage. The damaged aman
classes (i.e., both moderately and severely damaged)Awere under water/inundated during 30
Sept., where the moderately damaged aman showed higher backscatterings compared to severely
damaged aman. Moreover, the backscattering, Signature of the survived aman was increasing
trend over the entire growth stagesy In“case of flooded settlements, the backscattering was
relatively similar except on 30 Sept-’Furthermore, we verified the classified images (i.e., flood
extent and aman damaged afea)iwith the ground truthing data for accuracy assessment (see Table
3 for details). Here, wie observed overall accuracy and kappa coefficients 84 % and 0.80,
respectively. Ourifindings were similar to other studies found in the literature, such as (i) Asare-
Kyei et al{/(2015) utilized GIS and remote sensing imageries (i.e., RapidEye, TerraSAR-X
images)to delineate the flood hazard zones over several communities in West Africa; and found
overall accuracies in the range 88 - 97 %; and (ii) Kudahetty (2012) used ASAR IM images to

derive the open water, flooded, non-flooded, and urban areas over Kelani Ganga and Bolgoda
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basins of Sri Lanka; and observed overall accuracy and kappa coefficients of 88.35 % and 0.84,
respectively.

Figure 6

Figure 7

Table 3
Figure 8 shows flood damage map generated solely by use of four RADARSAT, ScanSAR
images acquired on 13 Aug., 6 Sep., 30 Sep., and 25 Oct. 2000. In this case, we'also used ground
thruthing and an IRS LISS image as auxiliary data sources. Our analyses demonstrated that the
Maheshpur (i.e., 24,668 ha) and Sarsa (i.e., 23,903 ha) sub-districts, were most severely affected
by flood waters, followed by Damurhuda (i.e., 13,619 ha), Meherpur Sadar (i.e., 11,465 ha),
Chaugacha (i.e., 9,875 ha), Jhikargachha (i.e., 8,791 ha)jand Satkhira Sadar (i.e., 8,745 ha) sub-
districts. The other sub-districts (that included Jibannagar, Kalaroa, Gangni, Tala, and Debhata)
in the region were moderately flooded with an area less than 7,050 ha. We then compared these
estimates with the ground-based estithates-performed by Department of Agriculture, Bangladesh
(see Fig. 9 for more details); and, fotnd reasonably good agreements (i.e., r* = 0.75 with a slope
of 0.87 and an intercept of 139.65 ha for the regression equation). We obtained fairly good
agreement (i.e., within % 25 % of the ground-based estimates) for the sub-districts of Maheshpur,
Sarsa, Damurhuda,/ Jhikargachha, Sathkira Sdara, Jibannagar, and Tala and Damurhuda. On the
other handj/a few mismatches also appeared in the case of the sub-districts of Meherpur Sadar,
Gangi,*and Chaugacha. The rationales behind these discrepancies might be related with one or
more of the following reasons, such as: (i) the spatial resolution of the RADARSAT images were
moderate (i.e., 50 m x 50 m), thus it wouldn’t be possible to delineate aman fields smaller than

2500 m” in size; (i) drainage patterns for these sub-districts were better so that they discharged
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logged water within a time period that would still be reasonably fine for the survival of the crop;
and (iii) DAE synthesised the ground-based damage estimates upon concluding the entire aman
growing season (i.e., mid to late November); however, we acquired our fourth RADARSAT
image on 25 Oct. that was unable to capture the complete dynamics of the aman damage.

Figure 8

Figure 9

In general, the southwest region of Bangladesh had become a poorly drained area over the time.
For example, since the Farakka dam’s construction in the IndiansState of West Bengal in the
1970’s, it has been often used to withdraw water in the dry season in particular, which caused
reduced fresh water flow into the Betna and Kobadake riyer system (i.e., the major drainage and
waterways in the southwest of Bangladesh). Such feduction in the flow caused heavy siltation in
the upper stream of Betna and Kobadak. In,addition, Bangladesh had constructed polders (i.e.,
artificial enclosures to protect lands\ffomr the saline water intrusion) in the coastal areas that
created morphological changes and*teduced the tidal effects. Also, public encroachment (i.e.,
shrimp ghers and other fish fagms, roads and embankment construction) on the routes of the
natural drainage system\also disrupted floodwater drainage. Due to reduction of tidal effects and
low flow of water in dry seasons, a heavy siltation occurred near the mouth of the sluice gates
rendering_them useless. The high tide in the Bay of Bengal also prevented the water from
draining’ into the Bay of Bengal. In order to save the shrimp ghers, shrimp farmers put
obstructions in the path of the floodwater flowing downstream. Due to these reasons the
floodwater could not drain out rapidly and caused massive damage to crops, settlements and road

network (FFWC 1998; Hossain 2000).
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5 Conclusions

In this paper, we attempted to delineate the flood extent and assess the damage of the aman crop
using RADARSAT images with hydrometeorological observations which might be useful in
monitoring recurrent flood events in Bangladesh. Here, we compared the year 2000 rainfall
situation with the average year conditions and observed highest (i.e., 250-450 %) duringylate
September. It revealed that the daily rainfall was higher than 50 mm in three to fivgiocCurrences
in all the four stations. The decadal rainfall was also been observed over{30Q Thm in several
occasions. In addition to the local rainfall, the incoming water from fhdia flows through the
southwestern region of Bangladesh and created heavy damages to,thevstanding aman crops. This
observation connects well with the image acquired during.Jatc September 2000. In general,
Bangladesh (e.g., one of the largest delta in the world)Vexperienced recurrent flooding from
overbank flows of the major rivers in almost every, yiear. However, the water level situation in the
major rivers during 2000 showed that all givers flown below the moderate flood levels, and
slightly above the average year conditions (i.e., 50 % of the time) indicating non-riverine
flooding in the southwestern regiony Thus, in comprehending the flood extent and damages of the
aman crop in the flood affected areas, we found that the use of RADARSAT images would
provide effective base ihformation for mapping, monitoring, and assessment of damages. While
comparing the dafmage assessment with the ground-based estimates; we found reasonably good
agreements{(ik., r* ~ 0.75). Thus, the study provided a good overview of the flood extent
mapping, damage assessment, and might help relevant agencies to plan rehabilitation programs

in a timely manner.
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Fig. 1 Location of the ground thruthing sites in the southwest shown as yellow dots on top of the
Landsat TM images of 1997 (district boundaries are shown as black). Also blue diamond
and green triangles indicated the location where we collected rainfall and water level data
respectively.

Fig. 2 Characteristics of year 2000 rainfall during the early to late-monsoon periods| fer selected
stations in southwest of Bangladesh.

Fig. 3 Setting of the year 2000 rainfall distribution during the monsog¢n,period in comparison
with the historical probable decadal rainfall (10, 50, and 90\% of the time) for selected
stations in southwest of Bangladesh.

Fig. 4 The setting of year 2000 water level during the, taonsoon period in comparison with the
historical probable decadal water levels, (16,350, and 90 % of the time) at selected key
stations in southwest of Bangladesh.

Fig. 5 Illustration of no flooding in the southwest of Bangladesh during the peak flooding month
of August using RADARSAT SAR images acquired on: (a) 26 Aug. 1998, and (b) 13 Aug.
2000.

Fig. 6 The open water flooding extent in blue color on 28 and 30 September 2000 extrated from
RADARSAT ScanSAR images over portion of West Bengal in India and southwest of
Bangladesh.

Fig. 7 SAR-derived multi-temporal backscattering singatures of the 7 classes in the southwest
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Fig. 8 Flood damage on aman crop in the southwest region (derived from
the SWB images of August, September and October, 2000) of Bangladesh.
Fig. 9 Comparison of crop damage areas estimated from RADAR images and DAE of

Bangladesh.
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List of Tables

Table 1 Description of RADARSAT SAR and IRS images used for damage assessment

Sensor Path Imaging date Season
RADARSAT SAR, Ascending 13 August, 2000 Monsoon
ScanSar Wide

RADARSAT SAR, Ascending 06 September, 2000 Monsoon
ScanSar Wide

RADARSAT SAR, Descending 28 September, 2000 Lat¢ MoOnsoon
ScanSar Wide

RADARSAT SAR, Ascending 30 September, 2000 [rate Monsoon
ScanSar Wide

IRS —1D LISS III - 14 October, 2000 Late Monsoon
RADARSAT SAR, Descending 25 October, 2000 Late Monsoon

ScanSar Wide

Table 2 Variation of decadal total rainfall during year 2000 in comparison with the average year

conditions (i.e., 50 %) for selected stations in gouthwest of Bangladesh

Station June July. August September October
Id 2d 3d 1da2d 3d 1d 2d 3d 1d 2d 3d 1d 2d 3d

Jessore -10 -47 49 437 84 110 69 74 6 111 326 19 -62 59 126

Khulna 29 -71\-7\ -72 -5 127 -43 -11 -1 38 237 -69 -3 -100 168

Kushtia -1,424 -14 -86 -4 15 -8 37 3 5 450 124

SatkhiravA12 -55 -64 -100 29 105 -2 33 -11 -30 314 14 -15 -100 203

Blank cells represent missing data; 1d, 2d, and 3d — decades of the month;

Positive values indicate over average and negative values are below average conditions,

respectively.
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Table 3 Accuracy assessment of the SAR-based classified image using the ground truthing data

SAR-based classified image (in hectare)

Water  Water Survived Severely Moderately Flooded Row Producer's Omission
(all (except Aman damaged damaged settlements Total Accurac Error
times) 25 Oct) Aman Aman Y
Water @ll 4005 24 0.25 0.2 0.2 0 505 0.95 0:05
times)
Water
S (except 25 49 4502 182 0 3.7 0 521 0:86 0.14
[~
§ Oct)
g .
= Survived 12 02 5522 407 6.2 4.5 605 0.91 0.09
= Aman
]
-5 Severely
o damaged 2.7 32 925  393.2 25 0.2 517 0.76 0.24
=
-é Aman
£ Moderately
= damaged 20 5 103.7 325 374.2 0 535 0.70 0.30
§ Aman
£ Flooded
o rloode 1.2 75 0 2612 478.7 581 0.82 0.18
settlements
Column 5532 483.8 841.8 4668 4355 483.4  3265.3
Total
User's 087 093  0.66% L 0.84 0.86 0.99
Accuracy
Commission 14 (57 ok 0.16 0.14 0.01
Error
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