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ABSTRACT. The process of converting GMS-WEFAX imagery intiody data to calculate surface and cyclonic
rain in and around Bangladesh was presented insthidy. Satellite rainfall was calculated from GMSfata for the
months of June-July 1996 using GMS Precipitatiodein (GPI) and Convective Stratiform Technique (CSlhe
rainfall calculated by GPI and CST was calibrateththat of calculated by rain gauge. On an avefagelune-July
1996, daily rainfall calculated by rain gauge, C&1d GPl was 14 mm, 14.5 mm and 27.5 mm respectiviélg
regression equation was obtained for both GPI a&dl &nalyses to calculate surface rain from satallitta. The CST
method was found better than the GPI method inutatiag surface rain. Then cyclonic rain was olgdimising CST
method on the event of a Cyclone occurred 27-30l@ct1999 over the Bay of Bengal.

K ey words— Surface rain, Cyclone, Cyclonic rain, Geostatiordsteorological Satellite (GMS)

1. Introduction There are two fundamental methods for rainfall
measurement. One method is to catch the rain fadlgt
Rainfall data is considered an important parameterand measure the amount it accumulates by a raiegaug
for studying water resources related problems like Despite problems with the shape of the containee, t
flooding, which is common phenomenon in many wind and the evaporation between measurements, rain
countries. Heavy rainfall in the catchment of thenGes-  gauge provides the best available estimates of
Brahmaputra-Meghna basin contributes a considerableprecipitation (Arkin and Meisner, 1987). But, angauge
amount to the flood flow passing through Bangladésh network is impossible over ocean and inaccessitdasa
rainfall estimation method applicable in a largevarage The other fundamental method for rainfall measurgrse
is therefore an important component of a flood-dasting using remote sensors such as radar and satelkspite
model for Bangladesh. Rainfall data is also imputrfar problems such as variation in the reflectivity, iabte
cultivation and other purposes of a country. Cyidon droplet size and beam attenuation, good estimafes o
rainfall estimation is important for studying flaad average rainfall can be obtained using suitabléEdéd
damages. digital radar (Hudlow and Patterson, 1979). However
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radar ranges are rather small (100-500 km apprdrigja
and its deployment is impracticable over the ocaad
expensive to have a large radar network on landaSo
solution to overcome the difficulties of land-based
equipment is to make use of satellite based resetsing
devices in conjunction with radars and raingauges.
Satellites provide data continuously and they camitor
very large areas. Therefore, in many regions
meteorological satellite data are the only realisteans to
monitor the spatial and temporal distribution ahfall.

In recent years, the use of satellite data forfadin
estimation has increased enormously. All meteoioklg
satellites are currently used routinely for estioratof
over-land precipitation (Petty and Krajewski, 1996)
Though very important, there are few detailed add
works in Bangladesh to estimate rainfall using I6&te
data. An effort to estimate rainfall from satelldata was
taken up by the joint research project between riapa
Bangladesh University of Engineering & Technology
(BUET). As a result, Geostationary Meteorological
Satellite (GMS-5) receiving station was installedtlae
Institute of Flood Control and Drainage Research
(IFCDR) at BUET in 1996. That project concluded hwit
an average correlation between raingauge rainfadl a
satellite infrared brightness temperature data ffour
greater regions of the country (Rahn&ral.,1997). After
that, Wahid and Islam (1998) used GOES Precipitatio
Index (GPI) method for estimating rainfall from edite
cloud top temperature and used a smaller gritk1()
system for the country rather than large four regio
divisions. They calculated GPI for the whole coyriut
calibrated it with a dense raingauge rainfall netwover
Sylhet district of Bangladesh. However, much of the
precipitation in both mid-latitudes and the tropifzsl

from meso-scale convective systems (Houze and ,Betts

1981). So, it is necessary to distinguish betwelea t
convective and stratiform components of these clou
systems; since the physics and dynamics of the ai
motions and precipitation growth in the convectied
stratiform  regions are fundamentally different
(Goldenberget al., 1990). But, the GPI method cannot
distinguish between convective and stratiform ragiof
the cloud and so it gives an average rainfall. Afedl
measuring technique developed by Adler and Negri
(1988) separates convective and stratiform regairthe

d
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A cyclone case is also studied to calculate cycloain
during the lifetime of the cyclone.

1.1. The Geostationary Meteorological Satellite
(GMS-5)

The Japanese GMS-5 sub-satellite position is over
the equator at 14& and about 35850 km from the earth’s
surface. Different types of images (A, B, C, D,Xand I)
are being sent by the GMS. Bangladesh is covereéé’by
and ‘K’ images, which are sent at every 3 and l1ldr$o
respectively. Image ‘A’ is near-infrared and imdgeis
mid-infrared (water volume) image. Each image cias
of 800 pixels in the horizontal direction and 80@s in
the vertical direction while we get 8%616.5 knf mesh
resolution. In this study near-infrared ‘A’ imageshich
represent earth surface and cloud top temperaane,
used to calculate surface and cyclonic rain.

1.2. Problems of directly using GMS-5 data for
rainfall analysis

There are some problems in direct use of GMS-5
images for some regions like Bangladesh @) which is
far from satellite location sub satellite point (B&dpr,
14¢° E). These problems are:

(i) The GMS-WEFAX images are received as 6-bit
integer. But, the personal computer (PC) and ad th
software system recognise integer consists of .8-bit
Therefore, image data need to be converted front &b
8-bit integer.

(i) The positions of the coast and other lines ateon
the same pixel for each imagery. This is due todifife of
the satellite, which is commonly known as attitudehe
satellite. Therefore, the satellite status paramdtie to
drift must be calculated for the proper identifioatof the

I,p|er.

(i) The intensity of the pixels on the latitude, ddnde
and coastal lines of an image is changed fromritiral
intensity by the Japan Meteorological Satellite €erio
show these lines clearly. Those extra borderlinkss a
needed to be eliminated.

cloud, which is known as Convective Stratiform (Iv) The satellite (GMS-5) is located on the equateer
Technique (CST). The CST was successfully adapied f 14C0°E, so that the images received by the satellitenate
rainfall estimation during Winter Monsoon Experirhen much deformed near the above location. But, theyésa
(WMONEX) by Goldenberget al (1990) and during are much more deformed far away from that locafibora
Tropical Ocean Global Atmosphere-Coupled Oceanregion like Bangladesh, which is located atB0The
Atmosphere Response Experiment (TOGA-CORE) by deformation of the imagery is caused by the earth
Islam et al (1998). The goal of this study is to apply curvature and some image corrections are needed to
GMS-5 data in estimating rainfall in Bangladesh. improve the deformed imagery.
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In this study attempts have been made to overcome 2.4. Orthogonal image formation from deformed
above problems for calculating surface and cycloaic image
in and around Bangladesh using GMS-5 data.
It is already mentioned that due to the earth
2. Outline of the technique used in data processing curvature a deformation occurs which need to be
by newly developed software corrected. The orthogonal image was constructech fro
deformed imagery using the procedure described by
GMS-WEFAX  signals are received by various Chowdhuryet al.(1997). Coastal lines of Bangladesh and

available commercial systems namely, Hakuyo andother lines applied where needed for proper visatibn
Kenwood. However, these commercial software package of the cloud structure.

cannot overcome the regional problems describedréef
Therefore, a set of programs is developed to inmgitbis 3.  Material and methods used
situation.
. Daily rainfall data from 33 raingauge stations of
2.1. Conversion from WEFAX data to normal data pgangladesh Meteorological Department (BMD) and ehre
format hourly GMS-5 near-infrared data during June-Jul§9@
were used in this study. The GMS-5 data of oneanl
event occurred 27-30 October 1999 over the Bay of
Bengal was also used.

The data format of Hakuyo system for each image
consists of 800 lines where each line consists @ 8
pixels and each pixel consists of the combinatibrsin
successive bits of binary. So, a conversion waslette
from 6-bit integer to 8-bit normal integer that was
performed in this study.

The main steps of data processing involved in this
analysis are mentioned in previous section. A set o
computer programs was developed to process raweimag
collected by GMS-5. The GOES Precipitation Inde® (|G
method is used to calculate satellite rainfall fr@S-5
data. In this work the GPI adjusted for Bangladesiion
(Wahid and Islam, 1998) using GMS-5 data is usdee T
different steps of the GPI algorithm aii¢ identification
of cloudy and non-cloudy pixels using 235K as a
threshold, if) calculation of the coverage of cloudy area
and {ii) estimation of rainfall. Details of the GPI method
2 3. Elimination of artificial borderlines are described by Arkin and Meisner (1987) and Wabhid
and Islam (1998). The rainfall (here GPI) from Hate

The artificially adapted lines by the Japan datais calculated by

Meteorological Satellite Center in GMS-WEFAX signal
are eliminated using the follows steps: GPI = (Fractional cloud coverage)constant rain

rate)x (average length of time)

2.2. Coordinate transformation

The positions of latitude and longitudinal linegwa
from image to image. To calculate the rotation loé t
satellite and the operational small-scale displag@rfrom
it's original position, the procedure of Chowdhwey al.
(1997) is adopted in this study.

Step I  Using earth satellite relation and probable
satellite disturbances, the position of pixel on Another method named Convective Stratiform
images are detected. Technique (CST) is also used to estimate precipitat
from GMS-5 data. Details of CST algorithm are dsd
Step2 The differelnce between the interjsity (_)f thgt by Alder and Negri (1988), Goldenbeeg al(1990) and
detected pixel and the surrounding pixel is |slam et al.(1998). In CST algorithm the cloud bdary,
found. The difference of intensities is \yhich is the threshold temperature for stratifodoud, is

multiplied to find G value. given by

G = (Intensity of detected pixel Intensity of T.= Topge+ X

surrounding pixel)(Intensity of detected pixel

— Intensity of next point) where T is the stratiform threshold temperature,

TmodeiS the modal temperature ards the parameter to be
decided from radar data. In this analysis radaa dat
absent and we tried to use raingauge data instiestiar
through data that is explained in the next section. Theveotive
temperature must be lower than stratiform tempesatu
So, Ts measures the cloud boundary under which both

The G value is the highest for that detected
pixel located on the artificial lines.

Step 3. Intensity of the detected pixel
interpolation in the surrounding pixels is
assigned, which eliminates artificial lines.
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Fig. 1. The distribution ok value over Bangladesh. The location of raingawyes the
country is also shown

convective and stratiform components exist. Cognthre was divided into 1 x 1° grid boxes, each box containing
number of convective and stratiform pixels ideptfiby pixels of 8.5x 16.5 knf. The number of convective and
CST and knowing the area of each pixel the cloud stratiform cloudy pixels determined by CST représehe
coverage of each type was calculated. Then cloudcloudy pixels. Then cyclonic rain was calculatedngs
coverage was converted into rainfall using the @eipe  cloud area, rain rate and average time duringifatinhe
convective and stratiform rain rate. of the analyzed cyclone. The area-integrated cycloin
is calculated by

In this study rain rate for both GPl and CST
algorithms was assigned from raingauge rainfallt (no
explained). Finally, the results obtained from Giid
CST were calibrated with the raingauge rainfallaited
at different regions of Bangladesh. final grid{

Area — Integrated Rain =

(Cloudypixels)(pixel area)

(total pixels)(pixel area)

To analyze the cyclone event GMS-5 images were (rain rate)(lengthof t'me)}

retrieved to monitor the cyclone. This case spec#gion initial grid
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Figs. 2(a-c).

The time sequences of rainfall calculated bygaimge (GR), GPl and CST

methods at three stations named (a) Bogra (b) Gmgedand (c) Khulna

For convective component cloudy pixels is to be the Figs. 2(a-c). It is mentioned here that GPl and @&Xhe

number of convective raining pixels and for staatifh
component cloudy pixels is to be the number ottiébran

raining pixels. The rain rate is to be the cloualyel
related rain rate.

4, Resaultsand discussion

4.1. Estimation of surface rain

representative of rainfall calculated from satelldata
using respective algorithmdt is seen that patterns of the
results of all three analyses were very similaradt
stations except very few exceptions. On 27 Jur@619
CST overestimated GR at Bogra and on 15 July 19R6 G
overestimated CST at the same station. At other tw
stations these types of little differences wereeobed.
Generally GPI value was larger than CST and GReslu
Convective and stratiform components calculatedCBy

The location of raingauges over Bangladesh isare also shown for these three stations. The cdtineec

shown in Fig. 1. Satellite data were analyzecefrh grid
cell where there was atleast one raingauge presétte
number of raingauge was more than one in a gridtoeh
the average was taken.

The distribution of (in K) value over the country is
shown by contour in Fig. 1. Thevalue was used in the
CST algorithm to adjust CST for this region. Adkard
Negri (1988) used radar data to fit fovalue. Goldenberg
et al(1990) and Islamet al (1998) used the same
procedure. In this analysis radar data is absansttidy.
So available raingauge data was used. It is Se&sixt
value is between 5K-7K and on an average it waga@K
this region. This value is very close to 4K-7K repd in
other studies (Goldenbegg al.,1990; Islarret al, 1998).

The time sequences of rainfall
raingauge (GR), GPI and CST methods at three sttio

component is consistently larger than the stratifor
component. The CST was just the addition of cotivec
and stratiform components. On an average daily G,

and GPI at station Bogra was 10.27 mm, 14 mm and 28
mm; at station Chuadanga was 9.06 mm, 14.55 mm and
33.11 mm; at station Khulna was 10.97 mm, 15.18 mm,
30.50 mm respectively. Quantitatively, GPI valuesrev
about three times of GR values and CST values vlese

to GR values. This represents that CST analysisvsho
better result than GPI analysis in calculating aefrain
from satellite data.

Fig. 3 shows the comparison of daily rainfall
averaged from June-July 1996 calculated by raingaug
(GR), GPI and CST methods at 12 stations indicated
the figure. It is seen that CST values were claseBR

calculated by values than GPI values except at Cox’s Bazar wi&E

value was closer to GPI value. On an average &fer

named Bogra, Chuadanga and Khulna is shown instations daily GR, CST and GPl were 14 mm5 dm



526 MAUSAMM4, 2

w
@

w
=}

|

n
=3

CsT

2

Average Rainfall(mm/day)
3

N}
&

3}
[
a

L

Barisal
Bogra
Dhaka
Khuina
Rajshahi
Rangpur

Sylhet
Average

Chittagong
Chuadanga
Cox's Bazar
Khepupara
Mymensing

Stations

The comparison of daily rainfall averaged from

June-July 1996 calculated by raingauge (GR),
GPI and CST methods at 12 stations indicated
on the figure

Fig. 3.

and 27.5 mm respectively. These indicate that CST i
more reliable method in calculating surface raionfr
satellite data.

The regression analyses of rainfall calculated By G
and CST methods at 12 stations(mentioned in Figvaj

(April 2003)

(i) History of the cyclone event

A well marked low pressure area formed over Thai
Ocean on 26 October and developed into a depression
situ and lay centered near 14.5/82.5 E at 1200 UTC of
26 October. It intensified into a strong depressémd
further intensified into a cyclone with its centnear at
15.8 N/91.7E and located at about 900 km S from
Chittagong Port and 1020 km SE from Khulna City at
about 1500 UTC of 27 October. The system moved NW
direction for sometime and remained practicallyisteary
centered near 16.5°M0.5°E for the rest of 27 October.
The wind speed was 65 km/hr within 54 km of itstoen
At 2100 UTC on 27 October the cyclone was located a
about 730 km SSW from Chittagong Port and 730 km S
from Khulna City. On 28 October its coverage whewd
300 km in diameter with an affecting area of abb@®0
km in diameter. It was located at about 610 km f&akh
Chittagong Port and 500 km SSW from Khulna City.
From this cyclone 1-5 ft tidal waves affected lamds of
coastal districts Bagerhat, Khulna, Pirozpur anthiSea
of Bangladesh. The system then intensified inseeere

the country have been made to get surface rain fromcyclonic storm with a core of hurricane winds at006

satellite data. According to GPI analysis surfezi@ is
given by

Surface rain (mm) =0.532 GPI(mm) + 28.245

where the surface rain was —0.532 time the GPI

value plus a constant value of 28.245. The intdrtem
28.245 was significantly different from zero. Thiepe
term 0.532 was negative that indicated that regress
trend was decreasing with increasing GPI valuas éasy
to show that for GPI>= 53, surface rain cannot be
calculated that means we cannot calibrate GPI hityfzan
52 mm using this method.
relationship between CST and surface rain is gbsen

Surface rain (mm) = 0.336 CST(mm) + 9.085

UTC of 28 October. On 29 October it hit the eastarast
of India, Orissa and produced huge damages.

(i) GMS cloud features

The cyclone system was observed by three hourly
GMS-5 cloud imageries. The cloud feature at some
particular periods is shown in Fig. 4: (a) GMS-5alye at
0000 UTC on October 27, (b) GMS-5 Image at 0000 UTC
on October 28, (c) GMS-5 Image at 0000 UTC on Qetob
29 and (d) GMS-5 Image at 0000 UTC on October 30.
From the 24 hours interval cloud features for ther fdays

On the other hand theit is seen that the system developed over the Bay o

Bengal and moved NW with time and hit the easteamst
of India.

(i) Damages

where the surface rain was 0.336 times the CST

value and a constant value of 9.085. Here also the

intercept term was significantly different from aebut

According to press reports, there were 942 deaths
(Government) at Orissa, West Bengal and Bihar. The

much lower than for GPI. The slope term 0.336 was Other sources reported the number of death might be

positive that indicated that surface rain was iasneg
with increasing CST value.

4.2. Estimation of cyclonic rain

3000-10000. About 1.5 million homes were damaged or
partially damaged and affected 10 million people do
the gale wind and heavy rains in these regionsverge
damages to roads, electric poles, telecommunicatiah
water supply were also reported from these areas.

Successful agreement between the results of CST

and ground-truth (RG) data encouraged us to usei@ST
calculating cyclonic rain from satellite data. Talaulate

cyclonic rain the devastating cyclone named “Super

(iv) CST analysis

Fig. 5(a) shows the cloudy and non-cloudy pixels

Cyclone” occurred during 27-30 October 1999 ovey Ba during the cyclone event identified by CST analysis

of Bengal was considered to study.

Cloudy pixels were divided into convective and tifivam
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The cloud features at some particular periodrdytiie cyclone occurred
27-30 October, 1999 over the Bay of Bengal. Theleirepresents the

coverage of the cyclone

Figs. 4(a-d).
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event and (b) Area-integrated cyclonic rain calmdaby CST analysis.
Counting and rainfall is also shown after the lafidif the cyclone

Figs. 5(a&b). (a) Cloudy and non-cloudy pixels calculated by Gfifing the cyclone
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portions. The number of convective pixels was latban
the number of stratiform pixels for all over theclone
period. This feature is different from general teat of
non-cyclonic cloud cluster. In general, for a claldster
feature, the number of convective pixels is lartpan the
number of stratiform pixels at early stage a#ck-versa
in the dissipating stage (Goldenbeargal, 1990). Hence
the large number of convective part indicated thaing
cyclone period a number of convections were bothiwi
the system while the system was composed of a nuafibe
cloud clusters. The trend line represents thantimabers
of cloudy pixels decreased with the lifetime of loye
and for non-cloudy pixels it wagdce-versa

Fig. 5(b) shows the area-integrated cyclonic rain
calculated by CST analysis. The legend represdmds t
convective and stratiform components of rainfall at
different time during the lifetime of the cycloné.is seen
that large amount of area-integrated cyclonic @mes

from convective component. Here the percentage® wer
These

convective = 83.82% and stratiform = 16.18%.
differ from the percentages reported by Islan al
(1998). They reported convective = 64% and stratife
36% for TOGA-COARE cloud features in 1992 over
Oceanic Warm Pool. Goldenbeeg al. (1990) reported
convective = 51% and stratiform = 49 % for a lactpud

MAUSAM4, 2 (April 2003)

Using the procedure presented in this paper ibisible
to calculate surface and cyclonic rain from GMSaadat
a region far from satellite radii location, whicheavery
important for agriculture, flood forecasting antiext daily
activities of a country.
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