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ABSTRACT. We calculated GMS Precipitation Index (GPI, satellite rainfall) using three hourly IR data from GMS-5
over Bangladesh and adjoining areas for spatial resolution of 0.5%x 0.5°, 1°x 1%, 2°x 2° and temporal scales of 1-day, 3-day,
and 7-day and monthly averages. There was no special difference between the spatial averaging scale of 0.5° or 1° mesh on
land. The GPI contours were closely spaced in 0.5° mesh and better to comprehend the GPI fluctuation. From the monsoon
month of June to July the GPI maxima and minima shift from their original (starting) location. Both the GPl maxima and
minima shifted toward north. There was an increase in GPI as one moved from north to south. Sea and offshore areas received
almost uniform GPI compared to land areas where rain fluctuations occurred with little horizontal distance. It was found that

actual rainfall was 88% of the GPI in this study
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1. Introduction

Tropical convective precipitation with the release of
latent heat is one of the major forcing mechanisms of the
general circulation of the atmosphere. Knowledge of the
actual precipitation averaged over large areas of potentially
great importance for both numerical weather prediction and
simulations of the climate using general circulations models
(Arkin, 1979); also crop assessment and large basin flood
forecasting can be easily envisioned. Flood is a common
phenomenon in Bangladesh.

“IFCDR, Bangladesh Umiversity of Engineening & Technology, Dhaka.

In an average year about one-fifth of the country gets
flooded (Rahman et al. 1997). So estimation of precipitation
may play an important role in flood forecasting.

There are two fundamental methods of measuring rain-
fall. One is to catch the rain directly by a raingauge. Despite
problems associated with the shape of the container its
exposure, the wind and evaporation between measurements
raingauges provide the best available estimates of precipita-
tion at any given point (Arkin and Meissner, 1987). How-
cver, a dense network of raingauges is required to produce
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Fig. 1. Daily average GPl (mm) for 0.5° mesh from June-July 1996
Contours are at | mm interval

accurate estimates of a really averaged precipitation, which
is impossible over ocean and inaccessible areas. Some re-
mote sensors make the second category of rainfall measure-
ments, They may be direct (radar) or indirect (satellite).
Despite preblems such as variation in the reflectivity rainfall
relation varying droplet size spectra and beam attenuation
among others good estimates of a really averaged rainfall
can be obtained using suitable calibrated digital radars
(Hudlow and Patterson, 1979). However radar ranges arc
rather small (100-500 km approximately) and its deploy-
ment is impracticable over the ocean and it would be very
expensive to have a large radar network on land. So the
solution to overcome the difficulties of land based equip-
ment is to make use of satellite based remote sensing de-
vices. Satellite data become useful when averaged over
large space and or time scales and then only when carefully
calibrated for the region and monsoon in question (Petty
and Krajewski, 1996). In recent times, rescarchers are trying
to estimate rainfall using satellite data. Adler and Negri
(1988) developed a method named Convective Stratiform
Technique (CST) to estimate rainfall from satellite data.
Goldenberg ¢t al. (1990) modified CST for the south China
sea region. Islam et al. (1998) adapted CST for the tropical
region,

The GOES Precipitation Index (GPI; Arkin and Meiss-
ner. 1987; herealter GPI 87) is one of the simplest and
widely used one parameter technigue to estimate average
precipitation over a large area for a period of time. GPI 87
technique is being successfully used on an operational mode
with US geo-stationary satellites, Recently this technique is
used to estimate precipitation using INSAT-1B data.
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Fig. 2. Same as Fig. 1 except for 3-day accumulated value. Contours are
at 3 mm interval

Though very important still now there is no standard method
to estimate rainfall using satellite data. Therefore. it is
interesting to estimate rainfall using Geo-stationary Mete-
orological Satellite (GMS) data. In this paper we calculated
GMS Precipitation Index (GPI) using three hourly IR data
from Japanese GMS-5 over Bangladesh and adjoining area
for spatial resolutions of 0.5°% 0.5°, 1°x 1° and 2°x 2° and
temporal scales of 1-day, 3-day, 7-day and monthly aver-
ages.

2. Data

We used three hourly satellite infrared (IR) data, pro-
vided by the Institute of Flood Control and Drainage Re-
search (IFCDR), Bangladesh University of Engineering and
Technology (BUET), Dhaka, from the Japanese Geo-sta-
tionary Meteorological Satellite (GMS-5).

3. Procedure

Three hourly full resolution IR data from GMS-5 were
used to estimate GPI for the monsoon months June and July
1966. Digital images from GMS-5 consist of IR counts of
pixels, which vary from O to 63 gray shade values. The gray
shade value of cach pixel is read and converted into its
corresponding temperature (equivalent black body tempera-
ture) by a lookup table prepared by the Japan Meteorological
Department.

To obtain GPI from GMS-5 data the steps are as fol-
lows:-

Step 1 — Our study area extends from 20°N- 30°N and
85°E-95°E covering whole Bangladesh and some portion of
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Fig. 3. Same as Fig. | except for 7-day accumulated value. Contours are
at 7 mm interval

the Bay of Bengal and India. The whole area was divided
into 0.5°%0.5° grid cells. Each cell contains 30 pixels, while
each pixel was 11 km x 9 km.

Step 2 — The fractional coverage of cloud * F.’ was
calculated for each 0.5°x0.5° grid cell. "F,." was defined as
for each 0.5°%0.5° cell covered by clouds whose cloud top
temperatures are colder than 253°K. The threshold so cho-
sen to include all kind of precipitating clouds. The same was
used by Shih (1990) who defined cloud area having the
threshold value of 253°K. According to the definition.

Total number of cloudy pixels
total pixels

Fe= (1)

Step 3 — Estimation of large space and time scale
precipitation is carried out using a linear model (Arkin and
Meissner, 1987). The rainfall estimates are referred to as
GMS-5 Precipitation Index (GPI).

The linear form of GPI is,
GPI(mm)=Kx F.xT (2)

Where *F " is the fractional coverage of cloud and ‘K"
is a constant related to rain rate and is taken as 3 mm/h as
by Arkin and Meissner (1987). And ‘T’ is the length of
averaging period in hour,

Step 1 to step 3 were repeated for each 8 images of the
day. Then the total number of pixels for the day was calcu-
lated by simple addition. The daily GPI values were aver-
aged for 3-days and 7-days to produce 3-day and 7-day
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Fig.4. Total GPI (mm) for 0.5° mesh for the month of June 1996
Contours are at 50 mm interval

average GPI for each 0.5°x0.5° grid cell. The average GPI
for the monsoon months June-July 1996 was also calculated.

Step 4 — We took the sum of four adjacent 0.5°x0.5°
cells to get the accumulated GPI for an area of 1°x1°, Again
the sum of GPI of four 1°x1° boxes were converted into the
GPI for an area of 2°x2°,

4. Results and discussion

4.1. GPI for 0.5° mesh

Fig.1 shows the daily average GPI (mm) for the month
of June and July 1966. The GPI was calculated for a grid
cell of 0.57% 0.5° Lat./Long. area. In this study GPI is the
technical name of satellite rainfall. A peak rain of 34 mm
showed the areas 89.5°E, 24°N and 95°E, 20-22.5°N expe-
rienced highest average rain during the months of June-July
1996. Rain decreased from south to north. There was a
minimum rain (16 mm) region located around 26°N, 91°E.
The contour represents that there was a GPI in an average
19 mm/day. It is clear that although the GPI varies from
region to region. The 1996 monsoon (June-July) rain has
small spatial differences. Fig. | also implies that it rained
almost uniformly from 20° - 29°N and 85° - 95°E.

Fig. 2 shows that the average 3-day accumulated rain
for a grid cell of 0.5°x0.5° Lat./Long. for the month of
June-July 1996. The region 22°N, 94.5°E experienced the
highest GPI, which was 100 mm/3-day. The region of lowest
GPI experienced 50 mm/3-day rain and there were two such
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Fig. 5. Same as Fig. 4 except for the month of July 1996. Contours are
at 35 mm interval
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Fig. 7. Same as Fig. | except for 2° mesh. Contours are at 5 mm interval

locations: one at 29°-30°N, 87°-88°E while another one at
28°N, 94°E. Fig. 2 also shows that the 25°N line may divide
the analysis area into two regions: northern region having
average GPI almost above 70 mm/3-day, while the southern
region experienced over 85 mm/3- day rain in an average.
There was a closely spaced rain contours extending from
west 1o east at 25°N represents that rain varies here with
small distances. Such another area extends from south to
north at 90°E,
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Fig. 6. Same as Fig. | except for 1° mesh. Contours are at 2 mm interval
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Fig. 8. Comparison between satellite rainfall (GPI) and the actual
rainfall (RAIN) for June-July 1996

There were some "T" shaped closely spaced GPI con-
tours, which show the large variation of GPI for 1° or less
horizontal extent. The vertical arms of "T" show, the rapid
spatial variation, while the horizontal region has less differ-
ence. The vertical areas were situated on land and sea. On
land local orography wind temperature humidity and even
woods has their effect on GPl amount. In contrast on ocean
these parameters are rather uniform at least at small regions.
So that over land the GPI amount may change rapidly but
over the ocean this is not so drastic.

Fig. 3 shows the estimated GPI (mm) for an averaging
scale of week. The maximum and minimum GPI was 235

mm/week and 123 mm/week located at 21°N, 95°E and
29.5°N, 86.5°E respectively. Again here we notice some
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closely spaced "T"' shaped contours. However the horizontal
area was deformed to a zigzag. Here precipitation varied
from 138-168 mm/7-day. In the vertical arm of the "7
precipitation varied from 213-160 mm/7-day. There was
less rain as one move toward east.

Fig. 4 shows the total GPI (mm) for the month of June
1996. The average GPI was ~ 500 mm/month, but GPI
ranges from 350- 900 mm/month. Maximum rain area was
located at 21.25°N, 94.75°E and 24.5°N, 89.5°E. The total
amount was not so high because in 1996 the monsoon was
set on the 13 June. So almost half of the month was rainless.
Therefore this figure well agreed with empirical data. Here
we observed a "T"' shaped pattern where GPI varied sharply
with small spatial change. The horizontal arm of the "T™" was
located at 25°N actually divided the total area into  two
parts: in one part (upper part) GPI ranged from 350-650
mm/month whereas in the lower part GPI varied from 450-
900 mm/month. This area (below 25°N) was mainly the Bay
of Bengal and its coastal areas, which usually received more
GPI than other areas.

Fig. 5 shows the total GPI in the month of July. The
total rain varied from 700 mm to over 1200 mm/month.
There was a wide variety of GPI in July 1996. There was a
less rainy area located at 28°N, from 90.75° - 92.75°E. The
area below 25°N received enough rain during July, the
maximum rain area was located at 21°N, 94.75°E. On July
Bhutan (28°N, 90°E) and adjoining South China (30°N,
90°E) experienced heaviest GPI about 35-40 mm in a day.
There is enough rain also over Assam and Myanmar.

Comparing the GPI between June and July 1966, we
found that there was a gradual shift in GPI maxima toward
south; however the GPI minima moved northward. The
general trend of the GPI patterns is an increase in precipita-
tion as one move from north to south. Both in June and in
July the GPI contours were closely spaced over land than
over sea.

4.2. GPI for I° mesh

Fig. 6 shows average daily GPI distribution for an area
of 10° x 10° Lat./Long. GPI was calculated for a box of
19 1° area. So that there were 100 small boxes. The highest
rain arca was located at 94°E, 20°-21°N. This is same as
Fig. 1 where we calculated precipitation for an area of
0.5°x 0.5° grid cell. Again here appeared a " T shaped
closely spaced GPI contours. In the left part of the vertical
arm, GPI (mm) varied from 82-100 mm/day, where in the
right part it was 120-98 mm/day. Here lowest GPI areas
were situated at different locations.

4.3. GPI for 2° mesh

Fig. 7 shows 1-day average GPI for a grid cell of area
2°%2° Lat./Long. The maximum GPI area received a GPI
over 520 mm/day. This area was located at 20.5°N, 93°E.
The minimum GPI area that was located at 26.5°N, 91°E
received 325 mm GPI a day.

Fig. 8 shows the comparison between GPI and the
actual rainfall (RAIN) for the months of June-July 1996, It
is seen that GPI calculated 41 mm and 77 mm for June and
July respectively while actual rainfall was 36 mm and 70
mm for the corresponding months. In total GPI calculated
|18 mm and raingauge calculated 105 mm for these two
months. This represents that actual rainfall was 88% of the
satellite rain (GPI) that encouraged calculating rainfall from
satellite data.

5. Conclusions

In this study we found that there was no special differ-
ence in the spatial averaging scale of 0.5° or 1° mesh on land
areas. However, the GPI contours were closely spaced in a
0.5 mesh and so enabled us better comprehend the GPI
fluctuations. From the monsoon month of June to July the
GPI maxima and minima shift from their original (starting)
location. Both the GPI maxima and minima shifted toward
north. There was an increase in GPI as one moved from north
to south. Sea and offshore areas received almost uniform
GPI compared to land areas where rain fluctuations occurred
with little horizontal distance. The actual rainfall was 88%
of the GPI value calculated from satellite data.

Acknowledgements

The authors would like to express their thanks to Insti-
tute for Flood Control and Drainage Research, BUET and
Bangladesh Meteorological Department for providing nec-
essary data.

References

Adler, R. F. and Negri, A. J., 1988, " A satellitc infrared technique to
estimate tropical convective and stratiform rainfall”, /. Appl. Me-
teor., 27, 30-51.

Arkin, P. A, 1979, "The relationship between fractional coverage of high
cloud rainfall and accumulation during GATE over the B-scale
array”, Mon. Wea. Rev., 107, |1382-1387.

Arkin. P. A. and Meissner, B. N., 1987, "The relationship between large-
scale convective rainfall and cold cloud over the western hemi-
sphere during 1982-84", Mon. Wea. Rev., 115, 51-74,

Goldenburg, S. B., Houze, Jr. R, A. and Churchill, D. D., 1990, " Convec-
tive and stratiform components of a winter monsoon cloud cluster
determined from geo-synchronous infrared satellite data”. J. Me-
teor. Soc., Japan, 68, 37-63.




364 MAUSAM, 51. 4 (October 2000)

Hudlow, M. D. and Patterson, V. L., 1979, "GATE Radar Rainfall Atlas™,
NOAA Special Report, Environmental Data and Information Serv-
ice, Washington, DC, 155p.

Islam, M. N., Udeya, H. and Kikuchi, K., 1998, " Convective and stratiform
Components of Tropical Cloud Clusters in Determining Radar
Adjusted Satellite Rainfall during the TOGA-COARE 10P", J
Fac. Sci. Hokkaido Univ. Japan. Ser. VII (Geophysics), 11, 1.
265-300.

Petty, G. W. and Krajewski. W. F., 1996, "Satellite Estimation of Precipi-
tation over land”, Hvdrological Sciences Journal, 41, 4.

Rahman, R., Islam, N. and Alam, §., 1997, "Application of remote sensing
technology to rainfall forecasting”. Final report, Japan Bangladesh
Joint study Project. BUET, Dhaka.

Shih, S. F.. 1990, "GOES satellite data in rainfall estimation”. ASCE.
Remote Sensing Application Lab., Agric. Engg. Dept., Univ. of
Flonda. 839-852




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090

