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1. Introduction

Remolte sensing (RS) techniques is very promising tools for determination of {looding arcas. Image data [rom
National Occanographic and Atmospheric Administration (NOAA) Advanced Very High Resolution Radiomcter
(AVHRR) with Geographic Information System (GIS) werc uscd in this study. Flood inundation mapping is bascd
on the fact that water will normally appear in black in a NOAA image. This principle has provided the helplul
guidelincs for mapping ol flooding arca (Islam and Sado, 1998a; Islam and Sado, 1998b). Cloudy skics ollcn occur
during the big [foods. and visible and infrared ray obscrved by NOAA AVHRR cannot penctrate cloud cover. So,
the presence ol cloud limils the study. We therefore used images taken during Jow cloud cover period during the
(lood. and here we proposed a technique for classilying cloud covered pixcls into waler or non-walcr calegories.
The results of the analysis of cloud covered pixels show the distribution ol cloud covered pixels into the water and
non-waler pixcls. Our proposcd fechaigue will provide the helplul guide line for make a decision of cloud covered
pixels while the analysis of {lTooded arcas using RS data.

2. Study area

Bangladesh is south Asian couniry surrounded on three sides by India, which lics to the cast, north, and west,
and shares a small part of its southcastern boarder with Myanmar. To the south lics the Bay ol Bengal. The whole
arca of Bangladesh is an immensc river basin crisscrossed by a network of 230 rivers, including three major rivers -
the Ganges. Brahmaputra and Meghna - which ripped the country. Flood oceurs very {requently in Bangladesh and
floods arc onc of the most devastating environmental hazards in the country. Floods arc normally occur in rainy
scason during the monsoon months between July and October.

3. Data selection and processing

The ful] scenes of NOAA AVHRR covering the whole arcaol Bangladesh and the parts of ncighboring
countrics were considered [or this study. Vector data for the boundary of Bangladesh was preparcd by ARC/INFO
soltware by using an cxisling geographic map. After geometric correction, sub-scenes corresponding 1o the whole
area of Bangladesh were cxtracted [rom the {ull scenes by using a vector layer for the country. Geometric
correction was carried out by using ERDAS Imagine sollware, and rool mcan squarc crrors were less than one
pixcl. Both the Iength of one pixel and ol one linc for NOAA AVHHR images represented 1.1 km on the ground
surlace. This is the ground resolution for NOAA AVHRR dalta.

Onc NOAA AVHRR dry scason image, laken Jan. 20, 1988, and three images taken during the [lood (on Scpt.
18 & 24 and Ocl. 8. 1988, respectively) were analyzed under dillerent vegetation, land cover and waltcr conlent
conditions. Among thc NOAA AVHRR images the dry scason image was (rec of clouds.

4. Landcover classification

Therc are not any tools or any dircct system in ERDAS IMAGINE software 1o dislinguish dircetly between
water pixcls and non-water pixels. To dilferentiale between waler and non-waler pixcls. unsuperviscd Jand cover
classification (ISO-DATA clustering) were performed for the {our images. Initially three images of Scpt. 18 & 24
and Oct. 8, 1988 were cafcgorized into sixty clusters by 1SO-
DATA clustering, then the sixty clusters were divided into three
catcgorics: non-watcer, water and cloud. The occupicd arca

Table 1 Watcer, non-water and cloud covered
arca (%) for three different images

pereentage of three categorics arc shown in Table 1 and the three 18.9.88124.9 88 8.10.88
class images arc shown in Fig. 1. The image of Jan. 20, 1988, was Waler ";6 5o 29301 29.57
also categorized initially into sixty cluster then divided into two - — = =
calcgorics of water and non-water, becausce it was cloud [rec. Table Non-water | 48411 55301 6492
1 shows thal waler covercd areas arc 36.59%, 29.30% and 29.57% Cloud 15.00 | 15.40 5.51
without recovery ol cloud covered arcas while cloud coverage arc Total 100.00 | 100.00 | 100.00 |

15.00%, 15.40% and 5.51%. respectively. [or the images taken Sept. 18 & 24 and Oct. 8, 1988,
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Figure 1. Threc classes of watcr, non-waler

Figure 2. Flowchart for recovery of cloud pixels
and cloud covered areas

5. Consideration of cloud covered pixels

5.1 Process of the recovery of cloud covered pixcels

Cloudy skics are cxpected during big {loods, and NOAA AVHRR dala is not cloud penctrating data, so, the
presence of clouds over the damaged arcas after an event limits the usclulness of this data and difficulty ariscs with
the interpretation of whether a given area bencath the clouds is dry or covered by water for the study ol flooding.
We cmployed low cloud covered images (cloud coverage for the images taken Sept. 18 & 24 and Ocl. 8 were
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15.0%. 15.4% and 5.5%. respectively) and an algorithm was used to  Table 2 Water, non-waler arca (%) for
interpret these cloud covered pixcls. The flowchart of the algorithm is  three dillerent images
shown in Fig. 2.

Alter differentiating all of the pixcls into three calegories (non-waler, 18.9.88 | 24.9.88 | 8.10.°88
water and cloud) using land cover classification this algorithm was used | Water 38.33 | 3536 | 30.32
{0 cstimate what Jay beneath the cloud covercd pixels. The shadow of a  [Non-water| 61.67 | 64.64 | 69.68
cloud was included with the cloud covered arca. Cloud covered pixels for | Total 100.00 | 100.00 | 100.00

the flood images which had represented waler in the dry scason image
were interpreted as walter, but the remaining cloud covered pixcls
were divided into two types through the use of digilal elevation data.
A [loc of cloud covered pixcls, which was surrounded by non-water
pixcls was considercd to be non-water, while cloud covered floc
surrounded by water pixels was compared wilh ncighboring waler
pixcls. I[ the clevation of a cloud covered candidate pixcl was lcss
than the land surlacc elevation of a ncighboring water pixel plus
watcr depth then the candidate pixel was considered to be a water
pixcl (it was assumed that the flow of waler [rom a pixcl to a pixcl
occurs across the common perimeler only), otherwise it was
considercd to be a non-water pixcel. For cloud covered pixcls initially
determined 10 be non-water in the same lloc, however, these
procedures were repeated to comparce them wilh neighboring water
pixels in all dircctions until the decision was [inalized {or the [loc. On
the other hand, pixels that were initially determined to be water were
not allowed to be changed 1o non-water pixel status.

This procedurc was used [or all flocs in the image. We did not
consider the water depth in our study because waler depth dala were
not availablc. Results would be more accurale i the watcr depth
could also be considercd. Some studics and mathematical modcling
have been done in Bangladesh to cstimate flood water depths
{Paudval, 1996).

5.2 Dislribution of cloud covered pixcls

Cloud covered pixcls were distributed among the waler and non-
walcr calegorics. It is scems that cloud covered pixels have an alfcct
on both the water and non-water arcas. The arca ol 15.00%, 15.40%
and 5.51%, occupicd by cloud covered pixels of the image of Sepl. 18 (b) Scpt. 24, 1988
& 24 and Oct. 8. 1988, were converted inlo the waler and non-water
by 1.74% & 13.26%. 6.06% & 9.34%, and 0.75% & 4.76%,
respectively. After recovering the arcas of cloud cevered pixcls, the
total waler and non-waler arcas arc shown in Table 2. Fig. 3
represents the total waler and non-water arcas while the cloud
covered pixels were converled info waler and non-walcr arcas.
Comparing between the Fig. 1 and Fig. 3 onc can casily identily the
arcas thosc were converted into the arcas ol waler or non-walcer.

6. Estimation of flooded area through three images

Inundated and land arcas estimated by ISO-DATA clustering for
the three days during the flood (Sept. 18, 24 and Oct. 8, 1988) arc
shown in Table 3. The columns of Table 3 show the results lor the
dry scason whilc the rows show resulls for the flood scason on by
dalc. The clements representing water and non-water arcas both
during the flood and dry scason arc considered to be normal walter
(rivers. lakes. ponds. clc.) in the dry scason and land arca during the
flood. respectively. An clement that represents a walter arca during
the flood but a non-walter arca during the dry scason is considered to
be an inundated arca. and an clement thal represents a non-water arca Figure 3. Waler and non-walcr arcas after
during the flood but & water arca during the dry scason is considered recovering cloud covered pixcls

i Waler @

Non-water
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Table 3 Estimated flooded arca percentage for Tablc 4 Estimated flooded arca percentage for

three different dates (Sep. 18 & 24 and Oct. 8, three dilferent dates (Sep. 18 & 24 and Ocl. 8,
1988) while considering cloud covered pixels 1988) while not considering cloud covered
pixcls
(a) Flooded arca (%) for 18.9.°88
20.01."88 (a) Flooded arca (76) for 18.9.788
Water |Non-water| Total 20.01.°88
18 |Water 3.65 34.68 38.33 Waler [Non-water | Total
9 [Non-water| 1.67 60.00 61.67 [ I8 |Waler 2.63 33,96 A6.5Y
'88 | Total 5.32 94.68 100.00 9 |Nom-water | 117 47.24 4841
"88 [Cloud 1.52 13,45 15.00
(b) Flooded arca (%) for 24.9.°88 Tolal 5.32 v4.68 | 100.00
20.01.°88 '
Water |[Non-water| Tolal (1) Flooded arca (%) [hr 24.9."88
24 |Water 3.76 31.60 35.36 20.01.°88
9 [Non-walter| 1.56 63.08 64.64 Walter |Non-water [ Total
'88 | Total 5.32 94.68 100.00 24 |Walcr 3.29 26.01 29.30)
9 |Non-water | 1.34 53.96 55.30
(c) Flooded area (%) for 8, 10."88 g8 [ Cloud 0.69 14.71 15.40
20.01.788 Total 532 | 9468 | 100.00
Water | Non-water | Total
8 |Water 361 | 2671 | 30.32 (c) Flooded area (%) Tor 8. 10,788
10 |Non-water| 1.71 67.97 69.68 20.01."88
'88 | Total 5.32 94.68 | 100.00 Waler |Non-watcer | Total
8 [Water 339 | 2608 | 29.57
10 [Non-water | 1.62 63.30 64.92 |
'88 | Cloud 0.3 5.20 S5.51
Total 5.32 94.68 100.00

10 be an error pixel. Floaded arca percentage can be cstimated by the {ollowing cquation:

Flooded arca percentage = a/(a+h) (1)
where a = inundaled arca, b = land arca during the [lood. Using this cquation, the eslimated [ooded arca for Sept.
18 & 24 and Ocl. 8, 1988 are 36.63%, 33.38% and 28.21%, rcspectively.

Table 4 shows the inundatcd and land arca while cloud covered pixels were not considered. Comparing
between the Table 3 and 4. distribution of cloud covered arcas among the land, normal water and {fooded arcas can
be understood.

7. Conclusions

Nowadays remote sensing data is being widely used to monitor catastrophic floods occurring over large
arcas, but the presence of cloud limits the study. In this study, we proposed a technique to recover the cloud
covered pixel for flood study. By using this technique onc can estimate whether a given arca beneath the
clouds is dry or covered by water. We estimated the flooded arca without and with considering cloud covered
pixels, the results described in this paper demonstrate that cloud covered pixels have a significant contribution
to increase flooded, normal and land arcas.
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